JOURNA 


OF 


THE CHEMICAL SOCIETY. 


« 
. >* © 


TRANSACTIONS. 


I.—The Oxidation of Sulphurous Acid to Dithionie 
Acid by Metallic Oxides. 


By H. C. H. Carpenter. 


THERE are, so far as I have been able to ascertain, only two metallic 
oxides which have been found to react with sulphurous acid and produce 
dithionic acid. These oxides are manganese dioxide and hydrated 
ferric oxide. 

The object of the present research was the investigation of reactions 
which lead to the formation of dithionic acid, with particular precautions 
as to the purity of the sulphurous acid and the various oxides used. In 
this study, the author has been helped by the discovery that dithionic 
acid is obtained when sulphurous acid reacts with (a) manganic hydr- 
oxide, Mn,0,(OH),, and (b) cobaltic hydroxide, Co,(OH),. 

It is a priori possible in all cases for the ‘available oxygen’ in the 
metallic oxides to form either sulphuric acid or dithionic or both, as 
the following equations show :— 


(i) 80,+H,0+0=H,80,. (ii) 280, + H,0+0=H,8,0, 


In the case of ferric hydroxide, Gelis (Ann. Chim. Phys., 1862, [iii], 
65, 222) states that the whole of the available oxygen goes first to 
dithionic acid. On the other hand, it has always been found in the 
investigations with manganese dioxide that a mixture of dithionic and 
sulphuric acids results. 

Gelis’s experiments with ferric hydroxide have been repeated by the 
author of this paper and his conclusion confirmed that a nearly theo- 
retical yield of dithionic acid is obtained. Although it has not been 
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found possible to obtain theoretical yields of this acid from the corre- 
sponding hydroxides of manganese, cobalt, or nickel, yet on account 
of the greater development of energy in the reduction of these oxides, 
there is very strong reason for believing that a partial or even complete 
decomposition of dithionic acid into sulphuric and sulphurous acids 
would take place. The facts which point to this conclusion are con- 
tained in the two following. tables.-: The first shows the percentages of 
dithionic and ‘spiphurie? apids:’ ‘ obtained’: from’ the four hydroxides 
already mentioned; the” "second .indicates: the changes of energy ex- 
pressed in thermal ‘units, ‘shyvived i int ‘fhe Paar of the oxides :— 


‘ve * 


Hydroxide. P eréeritage of dithionate. Percentage of sulphate. 
BEEN scccecee se. ces 96°06 ; 96°23 Not estimated. 
Manganic............ 75°52; 74°53 25°42. 
Cobaltic ............ 36°97 ; 35°07 63°80 ; 63°33. 
THEO voc cencecees Nil. 101°04. 

II. 

Reduction of the hydroxides. Heat of reaction. 
Fe,(OH), =2Fe(OH), +O0+H,0............ — 546 calories.* 
Mn,(OH),=2Mn(OH),+0+H,0 ......... —448 ~~ ,, 
Co,(OH), =2Co(OH), +O0+H,0............ —225 =, 
Ni,(OH), =2Ni(OH), +0+H,0............ +13 - 


It will be seen, on comparing the two tables, that the greater the 
energy required for the reduction of the hydroxides, the larger is the 


* The value of this calorie is that of the unit K used by Ostwald. It is that 
quantity of heat which is given up by 1 gram of water as it cools from the boiling 
to the freezing point. The values quoted for the reductions of the hydroxides of 
iron, cobalt, and nickel have been taken from Ostwald’s Lehrbuch der allgemeinen 
Chemie. 

Thermal data relating to the oxide Mn,0; appear to be entirely lacking, and the 
figure given is only an approximate one, for purposes of comparison, obtained in the 


following Way : 
Mn0+0 MnO, +344 K, 
8Mn0+0 Mn,04+ 552 K, * mn 


The mean of these values is taken to represent the heat of formation of 
manganic from manganous oxide. 


2Mn0+0 = Mn,0, + 448 K. 


This value refers to the oxide, not the hydroxide, Judging by the analogy of 
the difference between MnO and Mn(OH),, the value for Mng(OH), would be larger 
by 3 or 4 units in the middle figure, but either value serves quite well for the 
relation which it is desired to emphasise. The sesquioxides of iron, manganese, and 
cobalt thus show negative heats of reduction the values of which vary in the order 
mentioned, beginning with iron as the largest. In striking contrast to these, nickelic 
oxide shows a decided positive heat of reduction. 
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percentage yield of dithionic acid. The maximum yield is obtained - 
with ferric hydroxide where the energy that needs to be supplied is 
such that it is possible to stop the reaction almost wholly at the stage 
represented by the equation 


(iii) Fe(OH), + 380, = FeS,0, + FeSO, + 3H,0. 


Whether the slight deficit from the theoretical number is due to a 
slight decomposition of the nature 


(iv) FeS,0, = FeSO, + SO, 


or to a defect in the method of estimation used, is a question which it 
has not been found possible to decide. 

In the case of manganic hydroxide, about one-fourth, and in the case 
of cobaltic hydroxide, about two-thirds, of the dithionic acid formed is 
decomposed in the manner indicated in equation (iv). 

The reduction of nickelic hydroxide differs essentially from that of 
the other three in being an exothermic change, and the energy liberated 
is such that the reaction cannot be stopped at the intermediate stage, 
but proceeds wholly to the last stage, and the only oxidation product 
is sulphuric acid. The data in Table II are thus sufficient to account 
in a simple manner for the results obtained by the author which have 
been given in Table I, although the thermochemical values of the 
reactions between the four hydroxides and sulphurous acid are not 
known. 


EXPERIMENTAL Part. 


The essential part of the apparatus used in the author’s experiments 
will be found in the diagram on p. 4. 

A is a three-way cock in a T-tube bent at right angles in the manner 
indicated. The two arms can be connected, that at B with an apparatus 
evolving carbon dioxide, that at C with an apparatus giving off sulphur 
dioxide. At the other end, the T-piece is connected by thick rubber 
tubing with the flask, X, in which the reaction takes place. The flask 
has a capacity of about 300 c.c. and its neck is fitted with a rubber 
cork bored with four holes. Through these pass— é 


(i) The tube delivering the gas either from B or C. 
(ii) The exit tube, 7, which is further connected with the stopcock, H. 
(iii) A small mercury pressure-gauge, G. 
(iv) A dropping funnel, 7, which becomes necessary when it is desired 
to estimate the sulphuric acid formed in the reaction. 


The apparatus was tested in the following way to see whether a 
solution of sulphurous acid, free from sulphuric acid, could be obtained 
in the flask, X, 

B2 
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It was fitted together in the manner indicated, except that neither 
the gauge nor the dropping funnel was fitted into the cock, the holes 
being temporarily. plugged with glass rods, and further that the stop- 
cock, H, was not fitted on to the exit tube, F. About 200 c.c. of distilled 
water were placed.in the flask and a quick current of carbon dioxide 
was sent through to displace the air from the apparatus, the water 
being boiled steadily, but not too rapidly. The carbon dioxide was 
evolved by heating pure sodium hydrogen carbonate carefully packed 
in a glass tube placed in a gas furnace. It was found that after 1}—2 
hours the limit of air displacement possible by this method had been 
reached, buta slight froth, unabsorbed by potassium hydroxide solution, 
always remained. When this was the case, the water in the flask was 
gradually cooled, first by water and then by ice, the current of gas being 
maintained. From 75—100 c.c. of water remained. The cock, H, was 
now attached and when the air had been expelled it was closed. ‘The 


first of the plugs in the cork was next removed, the dropping funnel 
inserted, its air displaced, the tap closed, and a stopper placed in the 
neck. Lastly, the second plug was taken out, the empty gauge put in, 
and after the expulsion of its air, mercury poured in. By this time 
the water, which hada temperature of about 5°, was generally saturated 
with carbon dioxide, so that when the cock, A, was turned, isolating 
the apparatus from the arm, B, and connecting the latter with C, only 
at most a sljght diminution of pressure inside the apparatus was 
noticed on standing; carbon dioxide was passed through the tube, 
C, until it had displaced all the air. The pressure can, of course, 
always be increased again by connecting the apparatus with B fora 
few seconds. 

Meantime, during the last 20—30 minutes, a solution of sodium 
hydroxide previously saturated with sulphur dioxide had been slowly 
warmed in a flask provided with a leading tube, in order to expel the 
air by a gentle but steady current of gas. When all the air had been 


DITHIONIC ACID BY METALLIC OXIDES. 5 


removed, the apparatus was attached to C’, the cock, A, quickly turned 
so that the gas passedinto the flask, X, the cock, H, opened, and the arm, 
B, disconnected from the sodium hydrogen carbonate tube. Sulphur 
dioxide now passed through the water contained in the flask, gradually 
saturating it. 

In the meantime, a solution of barium chloride in water acidified 
with hydrochloric acid had been steadily boiling in an open flask for 
14—2 hours to expel dissolved air. The solution was then rapidly 
transferred to the dropping funnel. There it was cooled to the ordin- 
ary temperature in a stream of carbon dioxide and the current main- 
tained up to the moment when the solution was run into the flask. 
This was done after sulphur dioxide had been passing in for 1} hours, 
care being taken that the tap was turned off before the last c.c. of 
liquid could run through. No turbidity of the liquid in the flask 
could be detected. When, after shutting the cocks at A and H and 
isolating the apparatus, a pressure from within was registered by the 
mercury gauge, the apparatus was permanently isolated between A 
and H and at the same time the flask allowed gradually to regain the 
laboratory temperature. This ensured a steady pressure of sulphur 
dioxide from within, the gas forcing its way through the gauge, Even 
after 18 hours no precipitate had formed, and it was accordingly con- 
cluded that the method was successful in giving a solution of sul- 
phurous acid free from sulphuric acid. This test was sufficient for 
the purpose of the experiments, although solutions of sulphurous acid 
under the influence of diffused light, gradually undergo a chemical 
change which is not yet understood. 

It should be mentioned that both the carbon dioxide and sulphur 
dioxide were passed through a small empty wash bottle, where the 
greater part of the water given off with them was retained, before 
entering the T-piece at B and C respectively. The method of ob- 
taining sulphur dioxide described is very convenient; a continuous 
stream for 10 hours may, by carefully regulating the heating, be 
obtained from about 3 litres of saturated sodium hydrogen sulphite 
solution. 

Separate experiments were needed for the estimation of dithionic 
and sulphuric acids formed in the reaction between a metallic oxide 
and sulphurous acid. 


Estimation of the Sulphuric Acid. 


The method is very similar to that adopted when the solution of 
sulphurous acid was tested for the presence of sulphuric acid. In 
the experiments with the dried metallic oxides, which it was 
desired to keep in a compact state, the latter were put into the 
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flask, X, by momentarily removing the rubber-cork and then replacing 
it at the stage where the water had already been boiled and was 
cooled in ice, a steady current of carbon dioxide being all the while 
maintained. On the other hand, in those with the moist hydrated 
oxides in a fine state of division, known volumes of these, sus- 
pended in water, were introduced by a pipette into the flask at the 
beginning of the experiment instead of distilled water alone. 

After the reaction with sulphurous acid was finished, the sul- 
phuric acid was estimated in the flask in which the reaction had 
taken place, to avoid the oxidation of the dissolved sulphurous acid. 
The liquid was precipitated by an acidified barium chloride solution 
in the manner already described and was allowed to stand until it 
had clarified. The supernatant liquid was poured off through a 
weighed filter and the precipitate repeatedly washed by decantation, 
first with an air-free, dilute solution of hydrochloric acid and after- 
wards with distilled water, and the estimation of the barium sul- 
phate carried out in the usual way. 


Estimation of the Dithionic Acid. 


In this case, except that the dropping funnel is not needed, the 
method is the same as the foregoing one up to the point where the 
action of sulphurous acid on the hydroxide is complete. A ther- 
mometer dipping below the surface of the liquid was substituted 
for the dropping funnel. A stream of carbon dioxide was then 
passed through the liquid, which was gradually warmed until it had 
acquired a temperature not exceeding 45°* and well shaken in order 
to expel as much of the dissolved sulphur dioxide as possible. 
After cooling in a current of the same gas, it was precipitated 
with an excess of a warm saturated barium hydroxide solution. In 
this way, sulphurous and sulphuric acids were removed whilst a 
solution of barium dithionate and the excess of barium hydroxide 
remained. The precipitate was allowed to settle, the liquid poured 
off through a filter, and the residue washed six times with boiling 
water by decantation, the washings being successively added to the 
main filtrate. The barium hydroxide was then precipitated with 
carbon dioxide at 100°, filtered, and the filtrate evaporated on a 
steam bath to dryness on account of a small quantity of barium 
carbonate which always remains dissolved. The residue was extracted 
six times with hot water and the solution of barium dithionate thus 
obtained filtered into a weighed platinum dish. It was evaporated to 
dryness on the steam-bath and ignited until the weight was constant. 


* At temperatures above 50°, solutions of the dithionates of iron, cobalt, and 
nickel begin to decompose into the corresponding sulphates and sulphurous acid. 
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In the estimations of dithionic acid resulting from cobaltic hydroxide, 
which contained a small quantity of alkali, the barium dithionate 
solution was at the last stage converted into barium sulphate by pro- 
longed boiling in a reflux apparatus with a few drops of hydrochloric 
acid solution. This modification is necessary, but not so convenient as 
the other method. 

The disadvantage attaching to this method of estimating dithionic 
acid is that it involves the washing out of a small quantity of barium 
dithionate from a large quantity of barium sulphate, with consequently 
a possible loss of the dissolved salt by adsorption. This applies tothe acid 
as obtained from the hydroxides of iron and cobalt where the reduction 
is slow and the amount of sulphurous acid used is large, but not to the 
other two cases where the reduction is rapid and the quantity of sul- 
phurous acid used is small. 


Estimation of the ‘ Available’ Oxygen in the Metallic Oxides. 


Ferric hydroxide was estimated gravimetrically as ferric oxide. The 
other three oxides were made to react with an excess of standard oxalic 
acid, which was afterwards titrated with standard potassium permangan- 
ate solution, and in this way their available oxygen determined. Owing 
to the influence of light on solutions of oxalic acid, the latter were 
always freshly prepared, immediately before they were needed, from pure 
ammonium oxalate, which can easily be obtained and keeps well. The 
potassium permanganate solutions were standardised against this. 

For the estimations of available oxygen in the moist precipitates, the 
method of withdrawing a known volume by a pipette was used here 
just as in the estimations of dithionic and sulphuric acids. 

It was not found that the pink colour of the cobalt solutions or the 
green colour of the nickel solutions interfered with the permanganate 
titrations or masked the colour of the permanganate. Seeing that 
these colours were complementary, the plan was tried of decolorising 
whichever liquid was being titrated with a few drops of a solution of 
the sulphate of the other metal, but in neither case was any effect on 
the results noticeable. 

Particulars of the methods adopted for the preparation of the metallic 
hydroxides will be found in the sections dealing with the reduction of 
each oxide. The specimens referred to as ‘ moist’ were kept in closed 
vessels and suspended in water or, in the case of nickelic hydroxide, in 
dilute alkali. For the estimations, a measured volume was withdrawn 
by a pipette after the liquid had been thoroughly shaken to efsure a uni- 
form distribution of the solid. Any portion of the latter adhering to the 
walls of the pipette was afterwards washed in. The ‘ dried’ specimens 
were obtained from the ‘moist’ by allowing the latter to dry gradually 
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on clean porous plates. On drying, the precipitate shrinks and as a 
rule becomes completely detached from the plate, or needs at most only 
a slight touch to loosen it. After removing it, the surface of the plate 
is found to be traced with a delicate pattern resembling vegetable c2'l- 
structures in aremarkable degree. Here and there, spirals are formed, 
caused by the precipitate having adhered with varying degrees of in- 
tensity to the plate. These facts were noticed with all the precipitates 
dried in this way. 


Reduction of Ferric Hydroxide. Formation of Ferrous Dithionate. 


Gelis (Joc. cit.) claims to have proved that the reaction between 
ferric hydroxide and sulphurous acid takes place in the following 
way :— 


(v) Fe,(OH), + 380, = Fe,(SO,), + 3H,0. 
(vi) Fe,(SO,), = FeS,0, + FeSO, 


He found that when a current of sulphur dioxide is passed into 
water containing ferric hydroxide in suspension, the latter dissolves 
and a liquid is obtained which has a red colour, an acid reaction, and 
a strong odour of sulphur dioxide, and concluded from his analyses that 
neutral ferric sulphite, Fe,(SO,),, is formed. 

When the solution has stood for some hours in a closed vessel, the 
red colour is found to have changed to pale green. The analytical re- 
sults quoted show that ferrous dithionate and ferrous sulphite have 
been formed in approximately equal and quantitative amounts as shown 
in equation (vi). A small, but not negligible, quantity of ferrous 
sulphate was shown to be also present. Gelis regarded this as an 
accidental product, probably due to the oxidation of some of the 
sulphite by the air. 

It is curious that so remarkable an oxidation of sulphurous acid, 
from which, according to the explanation given, no sulphuric acid, but 
solely dithionic acid, results, should have apparently attracted no atten- 
tion. Gelis’s work, published 39 years ago, has never: been repeated, 
and yet certain criticisms obviously suggest themselves to anyone who 
studies the paper referred to. 

It is, in the first place, noteworthy that the specimens of iron used in 
those experiments do not appear to have been tested for the presence 
of manganese, and there can be hardly any doubt that small quantities 
of this metal were present. It is a natural question to ask whether this 
impurity may not really have been the cause of the formation of di- 
thionic acid, possibly by acting catalytically. In the second place, the 
question whether sulphuric acid is formed or not cannot be dismissed 
in the manner indicated, but must, if possible, be tested by experiment. 


> DD MD. 


et we Uc © ww Mm © FO 


~_ ee an a ate elUCUlCO 


— ol —_ 


DITHIONIC ACID BY METALLIC OXIDES. 9 


It is evident that no pains were taken to exclude air from the appar- 
atus and liquids used, but this is one of the fundamental conditions 
which must be realised if this point is to be settled. 

_ In my own experiments, the ferric hydroxide was prepared in the 
following way. The ferric chloride used was purified by separating 
iron as the basic formate and repeating the precipitation until it was 
quite free from the last traces of manganese. This was held to be the 
case when fusion of the ferric formate with potassium nitrate and 
sodium carbonate yielded a product from which the green tint of a 
manganate was entirely absent, and this test was usually satisfied after 
the third precipitation of the iron. Separation by the formate is much 
quicker than by either the acetate or succinate. The precipitate of 
basic ferric formate breaks up, on warming, into a very fine powder, 
which can be thoroughly well washed with boiling water by decantation, 
and settles quickly. When pure, it was dissolved in hydrochloric acid, 
precipitated with ammonia, and the hydroxide washed until it was so 
finely divided that it remained for several days suspended in the 
liquid. 

The reduction of such ferric hydroxide by sulphurous acid is very 
slow and J can by no means confirm Gelis’s statement that the sub- 
stance dissolves in that quantity of the acid corresponding to the 
formation of the neutral sulphite of iron. To take an example, 0°2859 
gram of ferric hydroxide suspended in water was acted upon by a 
current of sulphur dioxide for 74 hours. The liquid was repeatedly 
shaken, but even after 3} days 0:1041 gram ‘of hydroxide still re- 
mained—indeed the analytical results quoted for iron were, in both 
cases, derived from experiments in which the residual ferric hydroxide 
had to be estimated. This was done by filtering it off just before the 
precipitation with barium hydroxide. The precipitate was well washed, 
the washings being added to the main filtrate, and ignited until the 
weight was constant. 

The reason why Gelis found ferric hydroxide dissolved readily in 
sulphurous acid probably was that the substance was not thoroughly 
washed. Freshly precipitated and unwashed ferric hydroxide is very 
quickly dissolved by sulphurous acid. The more pains that are taken 
to wash out adhering salts, the slower does the reaction become, until 
a condition is reached similar to that of which an instance has already 
been given. In such a case, the liquid begins to acquire a yellow 
colour after 4—5 hours, and this increases somewhat in intensity if the 
current of gas is maintained, but a red solution has not been obtained. 
After standing 12—18 hours, the yellow colour changes to pale green 
and the solution evidently contains iron in the ferrous state. The 
dithionic acid which has been formed may then be estimated. The 
results already quoted show that its formation is quite independent of 
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the presence of manganese. They also show that less than 4 per 
cent. of the dithionic ‘acid formed undergoes any decomposition, 
Whether this slight decomposition takes place has not been actually 
decided, The fact that some unchanged ferric hydroxide always 
remained in the liquid rendered it impossible to test for the presence 
of sulphuric acid. When an acidified solution of barium chloride was 
introduced, with the needful precautions, into the flask, no precipitate 
was noticeable for a few seconds, and in one case for nearly a minute, 

- but after this interval a turbidity could always be detected, and this 
gradually increased in intensity. This can be accounted for by the 
diffusion through the liquid of the hydrochloric acid introduced and its 
reaction with the ferric hydroxide. The ferric chloride formed would 
react with the sulphurous acid present, oxidising it, as is well known, 
to sulphuric acid, and this would be precipitated by the barium chloride 
present. There can, however, be little hesitation in concluding that if 
any sulphuric acid is formed in the reaction, it can only be a minute 
quantity. 

Enough has been said to show that there can be no question of testing 
Gelis’s first equation with ferric hydroxide which has been thoroughly 
washed. The author’s experiments, however, agree with those of Gelis 

. in showing that there is a stage of the reaction preceding that of 
ferrous dithionate and ferrous sulphite, corresponding probably to the 
formation of a ferric sulphite. Evidence of a similar stage has been 
obtained, although to a less degree, in the experiments with cobaltic 
hydroxide, but not with the other two oxides. 


Reduction of Manganic Hydroxide, Mn,0,(OH),. Formation of Man- 
ganous Dithionate and Manganous Sulphate. 


The reduction of this hydroxide stands in sharp contrast with that 
of ferric hydroxide. It takes place with the utmost ease and this is 
the more remarkable because previous investigators have concluded 
that exactly the opposite is the case. Heeren .(Pogg. Ann., 1826, ‘7, 
55), discussing the formation of sulphuric acid in the reaction between 
manganese dioxide and sulphurous acid, quotes Berzelius to the effect 
that if the dioxide contains no mauganic hydroxide, the sole product 
is manganous dithionate ; but that as this impurity is nearly always 
present, a certain quantity of sulphate is also formed. After question- 
ing whether this statement is founded on direct experiment, Heeren 
gives analytical results to show that some of the sulphuric acid must 
be formed from the manganese dioxide, and even calculates how much 
has come from this on the assumption that the manganic hydroxide 
cannot give rise to any dithionic acid. He investigated the action of 
sulphurous acid on manganic oxides of various states of aggregation 
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and found it to be very slow except with precipitated specimens. He 
noticed that small quantities of dithionic acid were formed, but 
suggests that they were due to some of the dioxide being present. 
So far from this being the case, the yields of dithionic acid obtained 
by the author from manganic hydroxide are higher by more than 
5 per cent. than the highest obtained by Spring and Bourgeois (Bull. Soc. 
Chim., 1886, [ii], 46, 151) in their investigation of the yields obtained 
from manganese dioxide in different states of aggregation. An even 
greater percentage of dithionic acid was obtained by using manganic 
hydroxide which had been dried at 100° and thus assumed a more com- 
pact state. This was evident from the fact that it took fully 30 times 
as long to dissolve in sulphurous acid as the undried specimen. 

In preparing the oxide for these experiments, a specimen of man- 
ganous nitrate containing only a very small quantity of iron was used, 
The latter was first removed as basic ferric formate. The manganese 
was then precipitated with ammonia and bromine, and the hydrated 
dioxide thoroughly washed with nitric acid and then with water. In 
preparing manganic hydroxide from this, the directions given by 
Carius (Annalen, 1856, 98, 53) were followed exactly. 

The reduction of the ‘moist’ oxide by sulphurous acid is very rapid, 
0:25 gram, the amount usually treated, dissolving after about one 
minute’s passage of the gas through the liquid. The estimation of 
the dithionic or sulphuric acid can be proceeded with at once, There 
is no evidence of the intermediate formation of a sulphite. 


Reduction of Cobaltic Hydroxide. Formation of Cobaltous Dithionate 
and Cobaltous Sulphate. 


The cobalt nitrate used for the preparation of the oxide was first 
freed from a small quantity of iron present by precipitating the latter 
as basic ferric formate. It was then purified by converting it into 
potassium cobaltinitrite. The latter, after being carefully washed, 
was dissolved in hydrochloric acid, and afterwards precipitated with 
the necessary precautions by bromine and potassium hydroxide. It 
was repeatedly washed, first with potassium hydroxide and afterwards 
with hot water. It is well known that the hydroxide thus obtained 
does not correspond to the formula Co,(OH),. The amount of avail- 
able oxygen it contains depends on the exact conditions of its prepara- 
tion. Further, it contains alkali, which cannot be removed without 
decomposing the hydroxide. On account of these facts, the percentage 
of available oxygen was estimated by oxalic acid in the manner already 
described. 

For the complete reduction of about 0°25 gram of the ‘ moist’ hydr- 
oxide, approximately 5 hours are needed. The liquid acquires a brown 
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colour, which gives place to light yellow as the solution of the hydr- 
oxide proceeds, and this in its turn is replaced by the pink colour 
characteristic of cobaltous salts. The liquid is then ready for the esti- 
mation of the dithionic and sulphuric acids formed. 

In order to test whether the percentage of dithionic acid could be 
increased by retarding the rate of the reaction, a number of experi- 
ments were made with specimens of the hydroxide of different degrees 
of compactness. The results are illustrated in the subjoined table : 


Approximate time 


of reduction Percentage of 
Condition of the hydroxide. of 0°25 gram. dithionic acid. 
Se ee 5 hours 36°97 ; 35°07 
(ii) Dried at 140—150° and finely 
NUD . sidesanierwcetersesinede 4 days 28°14 
(iii) Dried at 140 —150° and coarsely 
ES Rae Ow 23°41 
(iv) Dried at 140—150°, but not 
EE ais sdetdtchsuitminnstinees S= 10°87 


In experiments ii, iii, and iv, a current of sulphurous acid was 
passed through the liquids for about 7 hours. At the end of 2 days, 
the current was renewed for a further period of 2 hours on account of 
the gauge registering a gradual diminution of pressure inside the 
apparatus. In these three cases, no colour, except the pink of 
cobaltous salts, was noticed during the reduction. 

A comparison of the figures shows that the amount of decomposition 
of dithionic acid is increased by rendering the hydroxide more com- 
pact. This fact is accounted for, if it is borne in mind that in these 
cases, where reaction is taking place at the surface of solid particles, 
local heating is bound to take place, and the effect of such a cause 
upon dithionic acid is easily comprehended. 

In the reductions of cobaltic hydroxide and ferric hydroxide, where a 
prolonged current of sulphur dioxide is necessary, care must be taken 
that the temperature of the liquid is kept just above the point at 
which the solid hydrate, SO,,aH,O, crystallises out (8°), otherwise the 
tube in the flask where the gas enters becomes choked. 


Reduction of Nickelic Hydroxide. Formation of Nickelous Sulphate. 


% Preliminary experiments with this hydroxide had shown that both 
dithionic and sulphuric acids are produced by reduction with sulphurous 
acid, but when the estimations with the hydroxide obtained in as pure 
a state as possible came to be carried out, it was found that sulphuric 
acid is the sole product of the oxidation of the sulphurous acid 
used. 
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The nickelic hydroxide was prepared from a specimen of nickel 
nitrate containing a minute quantity of cobalt. The latter metal was 
removed as potassium cobaltinitrite. The filtrate was boiled with 
excess of hydrochloric acid, precipitated with potassium hydroxide, 
filtered, well washed, and then redissolved in hydrochloric acid. From 
this solution, it was precipitated with bromine and potassium hydroxide 
and in consequence of the readiness with which it loses oxygen in 
presence of water, it was washed with cold alkali only. In order to 
keep the moist hydroxide in an alkaline medium until the moment of 
its reaction with sulphurous acid, nitrogen was used instead 
of carbon dioxide to displace the air from the apparatus and liquids 
used. Further, as it is not safe to expose the hydroxide to a temper- 
ature of 100°, a modification of the methods of estimation of dithionic 
and sulphuric acids was necessary. After the expulsion of the air 
from the apparatus by nitrogen, and while the gas was still passing 
through, one of the glass plugs was removed and the cold liquid con- 
taining the hydroxide in suspension introduced by a pipette. The 
plug was then re-inserted and the usual course of the determination 
followed. 

The reaction between this hydroxide and sulphurous acid is the 
most rapid of the four investigated. The absorption of the gas is so 
energetic that unless a very quick evolution is taking place at the 
moment when it is admitted into the apparatus, the liquid/and precipi- 
tate in the flask are sucked back into the tube, C. The green colour 
of the nickelous salt is seen almost immediately. 

The rate can be considerably diminished by increasing the size of 
the particles of the hydroxide and thus exposing relatively less 
surface. This was done by drying the substance at the ordinary 
temperature on a porous plate. Experiments were made with these 
dried specimens, both powdered and not powdered, in which the dura- 
tion of the reaction was between ten and twenty minutes. But in 
none of these cases has any dithionic acid been detected, and this 
negative result has been confirmed for the moist hydroxide by the 
finding of rather more than the theoretical percentage for sulphuric 
acid. 


Note on the Action of Sulphwrous Acid on the Dithionates of Lead and 
Barium. 


The only account of any experiments performed with the object of 
testing whether dithonic acid is obtained by the action of sulphurous 
acid on the peroxides of lead and barium is to be found in the paper of 
Gay Lussac and Welter (Ann. Chim. Phys., 1818, 10, 312), where 
they describe the discovery of this acid. Their results were negative, 
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The author has made a number of experiments with these oxides in 
the apparatus described at an early stage of this paper, but has never 
found that any dithionic acid is produced. In view of the ‘negative 
character of these results, the action of sulphurous acid on the 
dithionates of these metals was studied. It was found that 
solutions of barium dithionate are quite unaltered except at a temper- 
ature at which the influence of heat alone begins to be seen, when a 
gradual decomposition into barium sulphate fand sulphur dioxide sets 
in. On the other hand, solutions of lead dithionate are decomposed 
instantaneously, even at 5°, lead sulphite being precipitated and free 
dithionic acid remaining dissolved. 

The experiments were carried out in a similar manner to those 
already described, the solid dithionates being introduced into the 
flask, KX, after the water had been cooled in a stream of carbon dioxide. 
In the case of the decomposition of lead dithionate, the precipitate was 
filtered off and washed with air-free water. It dissolved completely in 
aqueous hydrochloric acid and liberated sulphur dioxide, which was 

recognised by its odour and the reduction of chromate paper. The 
filtrate was rendered alkaline with barium hydroxide and barium 
dithionate obtained after the removal of sulphurous and carbonic 
acids. 


In conclusion, the author acknowledges with great pleasure the 
assistance of Mr. F. H. Palmer in the ‘preliminary experiments with 
nickelic hydroxide and the dithionates of lead and barium, and of Mr, 
C. W. May in those with manganic hydroxide. 

Addendum.—This paper had been placed in the hands of the 
Secretaries of the Chemical Society before the publication of the 
paper, by Julius Meyer, on the formation of dithionic acid (Ber., 1901, 
34, 3606). The ground covered in the two papers is very nearly the 
same. 


THE OWENS COLLEGE, 
MANCHESTER. 


Il.—The Production of hitherto unknown Metallic Borides. 


By Samuet Aucumuty Tucker, Ph.B., and Herperr R. 
Moopy, B.S., M.A. 


Untit the electric furnace made their formation comparatively easy, 
the borides were almost unknown and even now there have not as yet 
been reports concerning many of them. Moissan has described a few of 
these compounds, notably those of iron, cobalt, nickel, carbon, calcium, 
strontium, barium, and, lately, silicon. 
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So far as they have been investigated, the borides present evidence 
of definite composition and crystallisation, they are stable and fuse at 
comparatively high temperatures. As a consequence of their high 
fusing point, hardness, and good crystallisation, it is quite possible that 
some of them may prove to have industrial uses. 

The available processes for the production of borides are two in 
number, In the first, the two elements are heated together in the 
electric furnace, and in the second, boron chloride is passed over the 
metallic element. The former of these was selected as being the most 
practicable for the preparation of the borides described in this paper. 
The utmost care was taken to prevent the addition of carbon, silicon, 
&., to the product in each case, and in our opinion the borides 
described were entirely free from these elements. The boron in each 
case was determined directly by Gooch’s method (Amer. Chem. J., 1887, 
9, 23). ; 

Zirconium Boride.—The zirconium salt available for the preparation 
of this boride happened to be the nitrate. In order to reduce this to 
the elementary state, two processes were tried. 

In the first, the nitrate was ignited until it was wholly converted 
to the oxide. This was then subjected to the regular Goldschmidt 
process, which did not prove to be satisfactory. 

In the second, the nitrate was dissolved in cold water and the 
hydroxide precipitated from this solution by sodium hydroxide. Cold 
water was used in washing the precipitate, inasmuch fas hot water 
causes it to become insoluble. After being washed, the hydroxide was 
dissolved in hydrofluoric acid and to this solution neutral potassium 
fluoride solution was added, forming a precipitate of the double fluoride, 
3KF,ZrF,. When dry, this salt was reduced by means of powdered 
aluminium and the cake thus formed was boiled for three days with 
concentrated hydrochloric acid. It was found impossible to filter the 
product rapidly, even with the aid of suction. After being washed 
with hot water, the metal was ready for use. 

The elementary boron was prepared by fusing boric acid and 
reducing the oxide thus formed with metallic magnesium. To remove 
magnesium salts, the cooled mass was boiled with dilute hydrochloric 
acid, filtered, washed, and then boiled for three days with hydrochloric 
acid of sp. gr. 1°2. After filtering and washing, the residue was 
boiled for several hours with hydrofluoric acid, and after a final 
washing it was dried. 

For preparing the zirconium boride, 15 grams of the zirconium 
were mixed with 2°2 grams of boron and the whole heated for 5 minutes 
in a carbon crucible with the aid of a current of 200 amperes and 65 
volts. The product was a button, blackish on the outside, brittle, and 
of a steel grey colour on fracture. Under the microscope, it proved to 
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be an agglomeration of brilliant, tabular, translucent to transparent 
crystals, many of these being colourless. It had a sp. gr. 3°7 and a 
hardness 8. It was slowly attacked by hot concentrated acids and 
aqua regia, Boiling liquid bromine attacked it feebly. 

Analyses of the compound were made and 86 per cent. of zirconium 
was found to be present. This corresponds very closely with the 
theoretical amount of zirconium in a boride in which zirconium is 
quadrivalent ; therefore the formula of this compound is undoubtedly 
Zr,B,. 

Chromium Boride.—This boride was made by heating a charge con- 
sisting of 10 grams of metallic chromium and 2°1 grams of boron for 6 
minutes by the aid of a current of 175 amperes and 60 volts. The 
product was a well formed button, greenish on the outside and of a 
greyish metallic lustre on fracture. It had a sp. gr. 5, a hardness 8, 
was distinctly crystalline, and had a conchoidal fracture. It was 
weakly attacked by hot acids and was not altered by exposure to the 
air. Analyses of the product gave 82 per cent. of chromium, a 
result which indicates CrB as the probable formula of the compound. 

Tungsten Boride.—As tungsten is closely related to chromium, it was 
selected as a promising element and a trial was made of its affinity for 
boron. The metal tungsten may be prepared from alkali tungstates 
by acidifying their solutions with hydrochloric acid. This causes the 
precipitation of the trioxide. After being dried, the trioxide can be 
reduced in the electric furnace, the charge used containing 10 parts of 
tungsten trioxide to one part of carbon. 

For the preparation of the boride, 4 grams of tungsten were mixed 
with 0:2 gram of boron and then heated for 5 minutes hy the aid of a 
current of 175 amperes and 65 volts. This produced a good fusion 
and the product was silvery ‘and metallic on fracture. It was very 
brittle and under the microscope was seen sto be crystallised in 
perfect octahedra. Its hardness was 8 and its sp. gr. 9°6. It was 
slowly attacked by concentrated acids, and vigorously by aqua regia. 
Analyses of the product showed the presence of 89 per cent. of 
metallic tungsten, a result which indicated the formula to be WB,,. 

Molybdenum Boride.—The final compound prepared was a boride of 
molybdenum. ‘This was selected, as the element molybdenum is closely 
related to chromium and tungsten and ‘the metal is rather easily 
prepared. 

The molybdenum was obtained by heating 300 grams of molybdennm 
trioxide and 30 grams of coke for 25 minutes with a current of 200 
amperes and 65 volts. 

For making the boride, 6 grams of metallic molybdenum were mixed 
with 1 gram of boron and heated for 20 minutes by the aid of a current 
of 230 amperes and 70 volts. This gave a homogeneous button with a 
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hardness of 9. It was quite brittle and on fracture showed a brilliant 
metallic lustre resembling that of pale brass. It was crystalline in 
structure, and its sp. gr. was 7°105. The sudstance was moderately 
attacked by hot concentrated acids and vigorously by hot aqua regia. 

The formula Mo,B, was given to this compound as the result of 
several analyses which showed the presence of 86 per cent. of 
molybdenum. 

An attempt to make the borides of copper or bismuth failed 
entirely ; in fact, there does not seem to be any affinity between boron 
and the members of the copper group. 


CoLUMBIA UNIVERSITY, 
New York. 


Ill.—The Constitution of the Acids obtained from 
a- Dibromocamphor. 


By ArtHur Lapworts and WALTER H, Lenton. 


WHEN a-dibromocamphor is warmed with moist silver salts, it is in 
part transformed into the unsaturated monocyclic acid, bromocam- 
phorenic acid (Trans., 1899, '75, 1134), in which, as has already been 
shown, the complex 

(2) -O—?0: (1) . 


(3) :¢ OMe, 
CH,* CMe:CO,H 


must be assumed to be present, the ethylenic union existing between 
the atoms 1 and 2, or 2 and 3, to one of which also the bromine atom 
mnst be attached. The facts on which these statements were based 
are, briefly, as follows:—(1) the substance readily affords homocam- 
phoronic acid on oxidation with mild oxidising agents (Trans., 1899, 
'75, 988), and (2) it is obtained from camphor, which contains the 


group ‘OMe, CMe:CO-, by a process which involves no violent action. 
In the first paper, in which the constitution of bromocamphorenic 
acid was discussed, it was shown that when the acid is converted into 
a-monobromocampholid, the lactonic oxygen atom becomes attached to 
the ring at the brominated carbon atom, the group -CBr:CH* becoming 
_. *CBrCH,: : ; 
converted into 6 . This conclusion was confirmed later by the 
observation that camphonic acid, the acid which is formed on hydro- 
lysing the lactone, contains the carbonyl group *CO: in the ring, 
indicating that the first stage in the hydrolysis is the formation of an 
acid in which the group *C(OH)Br: is present. 
VOL. LXXXI, Cc 
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Arguing from the behaviour of simpler lactones, it was presumed 
that a y-lactone would be formed in preference to a lactone, the 
bromine atom would then be attached to the carbon atom labelled 
1 or 3, and it is here that the first dubious point in the argument 
appears, for it is by no means always legitimate to apply generalisa- 
tions based on the behaviour of open chain compounds to substances 
containing closed rings. For this reason, we have again taken up the 
investigation, with the object of ascertaining to which of the carbon 
atoms, 1, 2, or 3, the bromine atom is attached, for, in so doing, the 
constitution of the interesting series of compounds obtained from 
a-dibromocamphor would be determined beyond question. 

It may be worth while to point out that the view to which one of 
us had come respecting the position of the bromine atom in question 
led to conclusions which did not appear to be altogether satisfactory. 
Thus, assuming that the bromine atom was attached to the carbon 
atom in position (1), the behaviour of camphonic acid towards substi- 
tuting agents was not easily explained (compare Trans., 1900, '7'7, 451), 
whilst the supposition that it was associated with carbon atom (3) led 
to the view that both camphonic and camphononic acids must be re- 
presented by formuls containing the grouping *CH,*CO-CH,: (Trans., 
1899, '75, 1139), a conclusion which, although in excellent agreement 
with the properties of camphonic acid, is altogether unsatisfactory in 
regard to the other substance, which behaves exactly as would an acid 

C 
containing the complex 0-00, forming, for example, no additive 
C 
compound at all with hydrogen cyanide (compare Trans., 1901, 
79, 379). 

The first part of the investigation was therefore devoted to proving 
that, in the formation of camphonic acid from bromocamphorenic acid, 
no change of structure occurs, and that the ketonic oxygen atom 
occupies the position of the lactonic oxygen atom in the campholids. 
For this purpose, camphonic acid was reduced with sodium amalgam, 
and the product shown to be identical in all respects with the hydroxy- 
acid obtained by Forster on hydrolysing campholid itself (Trans., 1896, 
69, 57). The view already advanced of the mode of formation of 
camphonic acid seems, therefore, to be correct. 

For the second part of the investigation, the tribromolactone ob- 
tained from camphonic acid (Trans., 1900, '7'7, 458) was used as a 
starting point. This substance, being obtained by gentle treatment of 
camphonic acid with bromine, must be supposed to be derived from the 
tetrabromo-acid containing the group *CBr,*CO°CBr,°. It was hydro- 
lysed by careful treatment with alkali, and the product, which we did 
not attempt to isolate, was oxidised by m-ans of cold sodium hypo- 
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bromite, which was found to be the most suitable agent for the purpose. 
The oxidation product was isolated in the usual way and found to be a 
mixture, which, on further investigation, proved to contain trimethyl- 
succinic acid, a small quantity of camphoronic acid, and a relatively large 
amount of an acid, C,H,,0,, which proved to be the substance hitherto 
known as f-hydroxycamphoronic acid (Bredt, Annalen, 1898, 209, 158). 

The formation of camphoronic acid from tribromocamphonolactone 
shows that the latter contains the — 


¢ a ; 

H,’CMe:C 

On inspecting the skeleton formula of camphorenic acid (p. 17) and 
remembering that the bromination of camphonic acid probably results 
in the first instance in the formation of a tetrabromo-acid containing 
the group *CBr,*CO*CBr,®, it will be seen that the only possible formula 
for this tetrabromo-acid is expressed by I, hence camphonic acid itself 
must have the constitution represented by IT: 


¢o— CBr, Co—CH, 
a fio i II. CH, CMe, 
Me-00,H bu.,-CMe-C0,H 
ws Herel acid. Conall acid. 


It follows of necessity, therefore, that in bromocamphorenic acid the 
bromine atom occupies the position of the ketonic oxygen in this 
formula, or in other words it is attached to the carbon atom 2 in the 
skeleton formula. 

This, in itself, does not enable us to decide whether the double bond is 
situated between the atoms 1 and 2, or 2 and 3; the first alternative, 
however, is in all probability the correct one, for in this event homo- 
camphoric acid and camphononic acid will have the formule III 
and IV. 


00,H CH,CO 

(i Me, Iv. | (OMe, 
H,——CMe-00,H OH,-CMe-00,H 
Homocamphoronic acid. Camphononic acid. 


This conclusion is in complete agreement with the feeble ketonic pro- 
perties of camphononic acid, whilst the readiness with which cam- 
phonic acid forms additive compounds is explained by the presence in 
it of the complex *CH,*CO-CH,.:. 

The conclusion thus arrived at harmonises with the whole of the 
known properties of the substances obtained by Forster (Trans., 1896, 
69, 36) and by Lapworth and Chapman (Trans., 1899, 75, 986 ; 
1900, '77, 446) and explains the apparent anomalies which have 
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appeared from time to time. The formula of camphononic acid, 
moreover, is what it should be on the basis of Bredt’s formula for 
camphor and the relationship which has been firmly established 
between this acid and the simpler camphor derivatives (Trans., 1900, 
77, 1056 ; 1901, '79, 1284). 
The formation of bromocamphorenic acid from a-dibromocamphor 

may be expressed by the scheme, 

CH,°C H——CBr, CH,-CBr.CH. 

| @Me, | + HO = | CMe, + HBr. 

GH,*CMe—CO CH,——OMe-C0,H 
It is not impossible that at an intermediate stage a trimethylene ring 
is produced and that this afterwards breaks down, the carbon atom 
originally exterior to the ring having become merged in it. Thus 
intermediate compounds such as 


CH.—:—_CH 
~~ ; fi 
* 
iy 
CHBr 


CMe, 


CH, ——CMe’CO,H 
might afford bromocamphorenic acid by scission at the points indicated 
by the dotted lines. 

The ready formation of trimethylene rings in certain cases, notably 
in the production of carone and of the caronic acids (Perkin and 
Thorpe, Trans., 1899, '75, 522), makes it appear likely that the phe- 
nomenon is not so infrequent as is generally supposed. 

The assumption that an unstable trimethylene ring is formed in 
many other changes would probably be of great value in explaining 
their progress, Thus the curious transformations of campholytic 
and isolauronolic acids one into the other (Walker, Trans., 1900, ‘77, 
378), and into derivatives of tetrahydro-xylic acid (Perkin and Lees, 
Trans., 1901, '79, 323), may be the result of reactions like the following : 
CH,°CMe 

Ome Cs 
CH,°C-CO,H 


isoLauronolic acid. 


CH-CMe 

\H. 
ee 
CH,-CH-CO,H CH,"CMe 


Campholytic Intermediate CH 
acid, compound. HMe 


CH,°C:CO,H 
Tetrahydro-xylic acid, 
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Similarly, the formation of camphene derivatives from borny] chlor- 
ide and the allied substances, may be the result of a similar parti- 
cipation of a methyl group in the formation of a trimethylene ring; and 
most of the apparently anomalous properties of these compounds point 
to such an explanation as being the correct one (compare Marsh, Proc., 
1899, 15, 54). 

As already mentioned, “‘ 8-hydroxycamphoronic acid ” is produced to 
a far greater extent than camphoronic acid in the oxidation of the pro- 
duct of hydrolysis of tribromocamphonolactone. It may appear at first 
sight to be somewhat remarkable that this should be the case, as it is 
impossible to suppose that the substance is obtained by the oxidation 
of camphoronic acid. If it be remembered, however, that the product 
of hydrolysis consists largely of ketonic substances, which are usually 
easily attacked by hypobromites, there is no great difficulty in explain- 
ing the formation of the “ hydroxy ’’-compound. 

Thus, for example, the product in the first instance may consist of a 
mixture of substances such as 


GO—CO 00,H 00,H 
O CMe, and CO OMe, 
CH,-CMe-CO,H CH,—CMe-CO,H 


and either of these might be attacked by the hypobromite, the latter, 
for example, affording successively the substances represented by the 
formule 
CO,H CO,H 00O,.H ©O 0CO,H ©O 
Go CMe —_> G0 0” OMe — 1 ie yee, 
CHBr-OMe-C0,H of OMeC0,H (H——CMe-C0,H 
The substance known as £-hydroxycamphoronic acid is, in reality, 
a lactonic acid containing water of crystallisation and should more 
correctly be termed 8-camphoranic acid, employing the word used by 
Bredt for the isomeric substance. The hydrated acid, C,H,,0,,2H,0, 
is dibasic and may be boiled with excess of V/10 alkali for half an hour 
without suffering any appreciable amount of hydrolysis into the 
hydroxy-acid. ‘This fact rendered its identification a matter of con- 
siderable difficulty, for it is described as a tribasic acid both by Kach- 
ler and Spitzer and by Bredt. It was necessary, therefore, to prepare 
the acid directly from camphoronic acid, by the process which is 
described later, and it wasthen found thatthe conclusions which wehad 
arrived at with regard to the acid from tribromocamphonolactone held 
good with regard to the other, the two substances being identical in 


every respect, 
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EXPERIMENTAL, 
Reduction of Camphonic Acid. 


Camphonic acid, dissolved in 10 per cent. aqueous sodium hydroxide, 
was placed in an evaporating dish, carbon dioxide passed rapidly 
through the solution, and sodium amalgam added in small quantities 
during the course of several hours, until ‘a small portion, after acidifi- 
cation with acetic acid, gave only a slight precipitate with p-bromo- 
phenylhydrazine acetate, indicating the absence of all but a trace of 
the ketonic acid. The liquid was separated from the mercury, acidified 
with dilute ‘sulphuric acid and extracted repeatedly with ether ; the 
ethereal solution was then washed with a very little water, dried, and 
evaporated. The colourless, oily residue slowly solidified to a mass 
of needles, which was crystallised from ethyl acetate. The hydroxy- 
acid finally formed large prisms, which melted and evolved gas at 
178—179°. On analysis : f 


0°1236 gave 02902 CO, and 01073 H,O. C=640; H=9°6. 
O,)H,,0, requires C= 64°5; H=9°7 per cent. 


The acid dissolved slowly in strong sulphuric acid, and on pouring 
the colourless solution into water a flocculent, white mass separated. 
This was collected, dried, and crystallised from light petroleum, from 
which it was deposited in fern-like, camphoraceous crystals melting 
at 177—178°; it had the properties of a lactone and was identical 
with the campholid obtained by the action of strong sulphuric acid on 
camphorenic acid (Forster, Trans., 1896, 69, 56). The hydroxy-acid 
was identical with that which Forster obtained on hydrolysing the 
lactone (Joc. cit.). 


Degradation of Camphonic Acid. 


Camphonic acid was first converted into tribromocamphonolactone 
by the method described in a former paper (Trans., 1900, 77, 458), 
and the lactone carefully purified by crystallisation from chloroform. 

The pure substance, which was in the form of large crystals, was 
finely powdered and covered with a 25 per cent. solution of potassium 
hydroxide containing some alcohol. No considerable rise of tempera- 
ture occurred. The whole was allowed to remain for a week, then 
warmed on the water-bath for 15 minutes and poured into twice its 
bulk of water, the alcohol being got rid of by repeated evaporation 
with water nearly to dryness. The aqueous solution of the residue 
was then acidified, and extracted repeatedly with ether in the usual 
way. The ether, on evaporation, deposited an oily mass which slowly 
solidified. This was not closely examined, but was found to contain 
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only a trace of bromine ; it exhibited marked ketonic properties and 
its solution in alkalis had a distinct yellow colour. 

The oil was dissolved in dilute sodium hydroxide, cooled to 0°, and 
to this solution sodium hypobromite solution was added, in small quan- 
tities at a time ; after each such addition, a notable rise in tempera- 
ture occurred, and the process was continued until, after the lapse of 
15 minutes, hypobromite could be detected in the liquid. Sodium 
sulphite was then added, the solution neutralised with hydrochloric 
acid and evaporated to a small bulk, a large excess of hydrochloric 
acid added, and the deposit of sodium chloride and bromide removed 
by filtration and thoroughly washed with ether. The filtrate was ex- 
tracted twenty times with ether, and the ethereal solution dried and 
evaporated. 

The oily residue thus obtained was dissolved in a little water, the 
solution made alkaline with baryta water, and the very slight deposit 
of insoluble matter removed. The filtrate was then heated to boiling, 
when a second and much larger deposition of insoluble substance 
occurred ; this was removed, washed with water, decomposed by means 
of hydrochloric acid, and the product examined. 

The amount of acid obtained from the precipitate was too small for 
analysis as well as satisfactory examination. The substance was 
found to melt at 137° when very slowly heated, and at higher tem- 
peratures when the capillary tube was plunged into sulphuric acid 
already at that temperature. It formed an anilic acid melting at 146°, 
and a faintly alkaline solution of the ammonium salt gave no precipi- 
tate with barium or calcium chloride in the cold, but a copious one on 
boiling. In fact, the chemical and crystallographical properties of the 
acid were identical in every respect with those of camphoronic 
acid. 

As it appeared, from the small quantity of camphoronic acid ob- 
tained, that this substance did not constitute the principal product of 
the oxidation, the acids in the filtrate from the barium camphoronate 
were liberated, extracted with ether, and, after the usual process of 
purification, were allowed to remain with a little water for several 
months. During this time, the mixture became semi-solid, and was at 
last spread on porous earthenware to drain. The solid portion was 
crystallised repeatedly from boiling water, when it was finally obtained 
in beautiful, lustrous prisms, which, after drying in the air for 2 days, 
did not lose their brilliancy, but on exposure at 100° rapidly became 
opaque and diminished in weight, owing to loss of water. On analysis: 


0°1648 gave 0°3212 H,O and 0:0852 H,O. O=49'8; H=5°7. 
O,H,,0, requires C=50°0 ; H=5°6 per cent. 


The equivalent was determined by titration against V/10 sodium 
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hydroxide in presence of phenolphthalein. The number found 
was 107, whereas a dibasic acid of the formula C,H,,0, requires 
108. 

The substance dissolved fairly readily in hot water, and in ethyl 
acetate, alcohol, or acetone, but only very sparingly in benzene, and 
was insoluble in light petroleum. It melted sharply at 246°. 

The crystals from water were well-formed, rectangular plates or 
stout prisms, belonging apparently to the rhombic system ; in the 
plates, the axial plane was parallel to the large face, and the direction 
of the acute bisectrix was at right angles to the direction of greatest 
length. The anhydrous substance, when melted on a glass slip be- 
neath a cover-glass, solidified rapidly, forming radiate or fan-shaped 
structures split up by linear air-spaces. 

The function of the third pair of oxygen atoms was not easy to 
determine, but as the substance gave no oxime, phenylhydrazone, or 
acetyl derivative, it was surmised that a lactone ring was present in 
the molecule. A small quantity of the acid was therefore heated to 
boiling with a known excess of 1V/10 sodium hydroxide for half an hour, 
and, after cooling, the excess of alkali remaining was determined. It 
was found that no hydrolysis had occurred, the acid remaining dibasic, 
as before. 

As the acid had a composition and a melting point identical with 
those of “ 8-hydroxycamphoronic acid,” obtained by Kachler and 
Spitzer from camphoronic acid, it was thought possible that the two 
substances might be identical, although “ B-hydroxycamphoronic acid” 
is stated to be tribasic. 

To obtain further evidence on the point, the acid was converted 
into its ethyl ester by treatment with absolute alcohol and hydrogen 
chloride. The substance thus obtained crystallised from a mixture of 
ethy! acetate and light petroleum in thin, six-sided plates melting at 
161°, which is exactly the melting point given by Kachler and Spitzer 
for the ester of their acid. The identification of the acid was com- 
pleted by preparing “ B-hydroxycamphoronic acid” by the method 
described later. 

In order to ascertain whether the oxidation of the hydrolytic pro- 
duct of tribromocamphonolactone had proceeded further than to 
B-camphoranic acid, the syrupy mother liquors were extracted from 
the porous plate by hot water, and subjected to distillation in a cur- 
rent of steam for several hours in order to separate the volatile acids. 
The aqueous distillate was then carefully neutralised with milk of 
lime, filtered, and evaporated nearly to dryness. A granular salt 
separated towards the end of this operation, and was collected and 
decomposed by hydrochloric acid, the acid being extracted with pure 
ether in the usual way. The residue obtained on evaporating the 
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ethereal solution was again converted into calcium salt, which was 
collected and decomposed once more. 

The acid which was thus obtained melted at 150—151°, formed an 
anhydride which melted at 36—37°, and was identical with that pre- 
pared from the trimethylsuccinic acid obtained by fusing a-camphoranic 
acid with potassium hydroxide. 

It appears, therefore, that the product obtained from tribromocam- 
phonolactone by the above process consists mainly of B-camphoranic 
acid with small quantities of camphoronic acid and trimethylsuccinic 
acid, and it is remarkable that no a-camphoranic acid could be de- 
tected, although it is a substance which would probably be isolated 
easily from such a mixture. 


Bromination of Camphoronie Acid. 


The action of bromine on camphoronic acid takes place only under 
pressure in closed tubes at 140° or thereabouts, and bromo-acids are 
not obtained, as hydrogen bromide is at once eliminated, and a mix- 
ture of the lactones of a- and #-hydroxycamphoronic acids is formed. 
Bredt (Annalen, 1898, 299, 158) did not succeed in brominating cam- 
phoronic acid or any of its derivatives under the ordinary pressure, 
but found it necessary to conduct the bromination in closed tubes and 


to employ the purified anhydro-chloride. 

The authors have found that, as in so many other cases, the action of 
bromine on the mixture obtained by treating the acid with phosphorus 
pentabromide does not lead to satisfactory results, but that if phos- 
phorus pentachloride is employed, an excellent yield of the mono- 
brominated compounds can be obtained. The procedure was as follows. 

Camphoronic acid was converted into the anhydro-acid by heating 
it in a flask at about 130—140° until water vapour ceased to be 
evolved. The cooled and powdered product was then carefully mixed 
with phosphorus pentachloride (1 mol.), heated on the water-bath for 
half an hour, and allowed to cool. Bromine (1} mols.) was then 
added, the temperature gradually raised to 100° during about an hour, 
maintained at that point for about 6 hours, and the product then 
poured on to ice and allowed to stand overnight. 

The granular product thus obtained consisted almost entirely of a 
mixture of the anhydro-chlorides of a- and B-bromocamphoronic acids, 
and these may be converted into the bromo-acids by boiling with 
nearly anhydrous formic acid. 

To obtain the a- and B-camphoranic acids, the mixture of bromo- 
acids was boiled with water for several hours and the liquid then cooled, 
and rendered faintly alkaline with baryta water. The barium salt of 
a-camphoranic acid separated almost at once as a fine, crystalline 
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powder, and the acid obtained from this was used for the preparation 
of trimethylsuccinic acid for purposes of identification. 

The filtrate from the barium a-camphoranate was acidified with 
hydrochloric acid, extracted with ether, and the B-camphoranic acid 
examined. It was found to be identical in every respect with the 
acid obtained by the former process. 

A quantity of 8-camphoranic acid prepared in this way was crystal- 
lised from water ; the clear crystals were then allowed to dry in the 
air and at once analysed : 


0°2921 gave 0°4612 CO, and 0:1622 H,O. C=43:1; H=6:2. 
C,H,,0,,2H,O requires C= 42°8 ; H=6°3 per cent. 


The equivalent of the acid in the hydrated crystals was determined 
by titration with 4/10 sodium hydroxide, using phenolphthalein as 
indicator. The number obtained was 130, whilst that required for a 
dibasic acid of the formula C,H,,0,,2H,O is 126. 
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IV.—Note on the Reduction of Trinitrobenzene and 
Trinitrotoluene with Hydrogen Sulphide. 


By Juuivus B. Conen and Henry D. Dakin. 


TuE reduction of the 2: 4: 6-trinitrotoluene was originally undertaken 
with the object of producing an amino-group in the para-position, and 
by its removal of obtaining eventually 2 : 6-dinitrotoluene, a compound 
which we required in the study of the chlorination products of toluene. 

The reduction of trinitrotoluene to 2 : 6-dinitro-4-toluidine by means 
of ammonium sulphide is described by Tiemann (Ber., 1870, 3, 218) 
and Beilstein (Ber., 1880, 13, 243), but the yield we obtained was 
small, and we did not succeed in improving it or in suppressing a 
quantity of tarry impurity which makes its appearance at the same 
time. After many unsuccessful attempts to effect reduction with 
ammonium sulphide and other agents, we tried a methyl alcoholic 
solution of crystallised ammonium sulphide, passing in hydrogen 
sulphide at the same time to displace air and keeping the whole well 
cooled. We found that the reaction proceeded vigorously even when 
the quantity of ammonium sulphide present was very far below the 
theoretical amount. Finally, we simplified the method by adding a few 
drops of concentrated ammonia to an alcoholic solution of the trinitro- 
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compound and saturating with hydrogen sulphide. The product, filtered 
from sulphur and poured into water, formed a bright yellow, crystalline 
precipitate, which was not the anticipated dinitrotoluidine, but, as we 
eventually discovered, 2 : 4-dinitro-6-tolylhydroxylamine, 


Precisely the same reaction occurs with trinitrobenzene. 


2: 4-Dinitro-6-tolylhydroxylamine. 


Twenty grams of finely powdered trinitrotoluene were suspended in 
about 100 c.c. of absolute alcohol, about 0°5 c.c. of concentrated 
ammonia was added, and the mixture cooled in ice. Hydrogen sulphide 
was then passed in with frequent shaking. In a short time, the colour 
of the solution deepened and the heavy crystals of trinitrotoluene, 
which at first settled to the bottom, were soon replaced by a thick, 
bulky, deep yellow precipitate, which filled the liquid. After about 
an hour, no further increase in the quantity of precipitate appeared, 
and the mixture was warmed for a moment on the water-bath and 
filtered quickly into a flask standing in ice. The precipitate was 
washed with hot alcohol until the filtrate was colourless. A residue 
of sulphur remained which weighed 6°3 grams. The alcoholic filtrate 
deposited, on standing, a mass of needle-shaped crystals, which were 
separated and amounted to 4°7 grams. This fraction contained a small 
proportion of dinitrotolylhydroxylamine, mixed with some compound 
of high melting point, and melted indefinitely from 130—160°. The 
product of high melting point is 2 : 6-dinitro-4-toluidine, for, on boiling 
0-5 gram of this fraction for 2 hours with concentrated hydrochloric 
acid so as to convert the hydroxylamine compound into the insoluble 
2 : 4-dinitro-6-toluidine, diluting and filtering, 0°3 gram of orange crys- 
tals melting at 167—169°, which is the melting point of the 2:6- 
dinitro-base, was deposited from the filtrate. 

The filtrate was poured into water, which precipitated the bulk of 
the hydroxylamine compound. It was filtered, washed with water, 
and carefully dried. The weight was 11°5 grams. It was extracted 
with successive quantities of benzene, in which it all eventually dis- 
solved, each portion being kept separate. The last extracts yielded 
crystals melting sharply at 143—145°, which did not change by 
successive recrystallisations and were therefore regarded as pure. The 
substance was analysed with the following results: 
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0°2377 gave 39°5 c.c. moist nitrogen at 17° and 764mm. N=19°45. 
071595 ,, 27°25 i n 17° .,, 760mm. N=19°79, 
C,H,0,N, requires N=19°71 per cent. 


A molecular weight determination by the boiling point method gave 
the following result : 


0°181 gram in 11°43 grams of benzene raised the boiling point by 0:197°. 
Mol. wt., found = 215 ; calculated =.213. 


The compound reduces alcoholic silver nitrate, depositing a mirror ; 
it also reduces Fehling’s solution. It readily dissolves in alcohol, but 
is less soluble in benzene and insoluble in light petroleum. From 
benzene, it crystallises in rhombohedra. It dissolves in boiling dilute 
hydrochloric acid unchanged and then crystallises in small, pale yellow 
needles. On prolonged boiling, it becomes insoluble and changes to a 
colourless, crystalline compound. The same result is much more rapidly 
effected by concentrated hydrochloric acid. Half a gram of the 
hydroxylamine compound, boiled with about ten times its weight of 
strong hydrochloric acid for half an hour, yielded 0°3 gram of the 
colourless substance. 


2 : 4-Dinitro-6-toluidine. 


The colourless compound was crystallised from benzene, from which 
it separated in needles melting at 212—213°. It was analysed with 
the following results : 


0:1857 gave 0:2884 CO, and 0:0575 H,O. C=42:35; H=3-44. 
01475 ,, 27°7 ¢.c. moist nitrogen at 26° and 759 mm, N= 20°8. 
C,H,O,N, requires C=42°6 ; H=3'5 ; N=21°3 per cent. 


0:220 gram in 8°1 grams of benzene raised the boiling point by 0°160°. 
Mol. wt., found=221; calculated = 197. 


The substance is insoluble in sodium hydroxide solution or in dilute 
hydrochloric acid. Neither stannous chloride nor sodium nitrite in 
acid solution has any action on it. It dissolves unchanged in strong 
sulphuric acid and is reprecipitated by water. . 

The conversion of p-phenylhydroxylamine into p-aminophenol by 
mineral acids has been studied by Bamberger (Ber., 1894, 27, 1349), 
' and takes place by intramolecular rearrangement : 


C,H,-NH:OH —> OH-0,H,'NH,. 


In the present case, the substance produced is not a phenol, but, 
according to analysis, a dinitrotoluidine. The conversion must there- 
fore be accompanied by the removal of oxygen. 


CH,°C,H,(NO,)."NH:OH = CH,-C,H,(NO,),"NH, + 0. 
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Thisis precisely what happens, for if the hydroxylamine compound 
be boiled with hydrochloric acid and indigo solution, the colour is 
slowly discharged, or with hydrochloric acid and potassium iodide, 
iodine is liberated. 

As the amino-compound melts at 212—213°, it must be the 2 : 4-di- 
nitro-6-toluidine, as the only other possible isomeride melts at 166—168°. 
This substance has not been previously prepared. As we have seen, 
the hydroxylamine compound acts both as a reducing and an oxidising 
agent. It is also worthy of remark that, whereas ammonium sulphide 
converts trinitrotoluene into 2 :6-dinitro-4-toluidine, in which the p-nitro- 
group is reduced, the action of hydrogen sulphide is to reduce the nitro- 
group in the ortho-position. 


1 : 3-Dinitro-5-phenylhydroxylamine. 


This substance is prepared from 1:3: 5-trinitrobenzene in exactly 
the same way as the tolyl derivative, but although the yield is 
smaller, the product is more readily obtained in a pure state. It 
forms dark orange crystals melting at 114—116°. Nine grams of 
trinitrobenzene yielded 4°5 grams of pure hydroxylamine derivative, 
Dinitrophenylhydroxylamine reduces alcoholic silver nitrate solution, 
On analysis, the following result was obtained : 


0°113 gave 20°8 c.c. moist nitrogen at 15° and 756 mm. N=21°53. 
C,;H,O,N, requires N = 21°10 per cent. 


On boiling with concentrated hydrochloric acid, the substance at first 
passes into solution, but very soon a precipitate appears. The product 
is then poured into water, boiled up, and allowed to crystallise. On 
cooling, dark orange needles separate out, which melt sharply at 
158—159°. This is the melting point of 3 : 5-dinitroaniline, with which 
it is undoubtedly identical, a fact which serves to confirm the nature 
of the reaction in the case of the tolyl derivative. We propose to con- 
tinue this investigation. 


THE YORKSHIRE COLLEGE. 


V.—The Synthesis of Alkyltricarballylic Acids. 


By Witu1am A. Bone and Cuar.es H. G, Sprankuina. 


In a previous communication (Trans., 1899, '75, 839), we described a 
method for the preparation of ethyl esters of cyanosuccinic acid and 
its alkyl derivatives ; for some time past, we have been investigating 
a general method for the synthesis of alkyltricarballylic acids, based 
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on the interaction of the sodium compounds of these ethyl cyano- 
succinates with the ethyl esters of a-bromo-fatty acids, as indicated by 
the general equation, 


oe CN CR,°CO,Et 
P | 
Br C ght + Nal<o0, Bt = re + NaBr, 
CR,*CO, Et I lit 
2 VU, CR,°CO,Et 


where R indicates hydrogen or any alkyl radicle, 

A reference to the literature of the subject shows that tricarballylic 
acid and its a-alkyl derivatives have been generally obtained by the 
condensation of the sodium compound of ethyl malonate, or one of its 
alkyl derivatives, with ethyl fumarate or maleate, and subsequent 
hydrolysis of the resulting ester, as follows : 


Na(CO,Et), 
ORNa(O,Et), + ing, ‘ boo, 
“— HR-CO, Et 


Auwers and others (Ber., 1891, 24, 307, 2887) prepared a number 
of a-alkyltricarballylic acids from ethyl fumarate, but so far as we 
know no attempt has been made to see whether dialkyltricarballylic 
acids can be obtained by any similar method. 

In 1896, Zelinsky (Ber., 29, 333, 616) showed that three apparently 
stereoisomeric ay-dimethyltricarballylic acids are obtained when the 
highest fraction of the oil which results from the interaction of ethyl 
cyanoacetate (1 mol.), sodium ethoxide (2 mols.), and ethyl a-bromo- 
propionate (2 mols.) in alcoholic solution is hydrolysed with sulphuric 
acid. His investigation of the subject was incomplete and he has 
since abandoned it. 

Just as we were beginning our experiments, Haller and Blanc 
(Compt. rend., 1900, 131, 19) synthesised aa-dimethyltricarballylic 
acid from ethyl cyanosuccinate, but except in this one instance the 
practicability of preparing tricarballylic acids from ethyl alkyleyano- 
succinates has not so far been studied.* 

As the result of a long and systematic investigation of the matter, 
we have shown that anyalkyltricarballylic acid in which the alkyl radicle 
or radicles occupy an a-position with respect to either of the two 
extreme carboxyl groups may readily be preparel by the method we 
have indicated. 

Besides the method just discussed, there is obviously another 
possible way of passing over from an acid of the succinic to one of 
the tricarballylic series, namely, by the interaction of an ethyl mono- 


* Since this paper was written, however, Dr. H. A. D. Jowett has published an 
account of the preparation of a-ethyltricarballylic acid from ethyl a-cyano-f-ethyl- 
succinate and ethyl bromoacetate (Trans. 1901, 79, 1846). 
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bromosuccinate with ethyl sodiocyanoacetate or malonate as represented 
by the general equation, 


CO,Et-OR,CRBr-C0,Et + NaCH<) », = 
2 
(0, Et-OR,*CR(00,Et):CH(ON):C0,Et + NaBr, 


where R represents hydrogen or an alkyl radicle (or radicles). Hitherto, 
only tricarballylic acid itself has been prepared by this method (Emery, 
Ber. 1890, 23, 3759), and we therefore extended our experiments in this 
direction in order to ascertain whether this second method possesses 
any advantages over the first, or vice versé. The results are very 
decisive on this point, for they indicate that whereas the first (“ cyano- 
succinate ”) method is a general one, the second can only be applied 
in certain cases (owing partly to the circumstance that the bromination 
of many substituted succinic acids does not proceed regularly, and 
partly also to the tendency which some ethyl bromosuccinates exhibit 
to lose hydrogen bromide and form unsaturated compounds). And, 
further, even when the second method can be applied, the yields of 
resulting tricarballylic acids are comparatively poor. Incidentally, 
however, we have accumulated valuable information as to the bromina- 
tion of alkylsuccinic acids, which will be briefly discussed later. 

During the course of the experiments, we have added to the know- 
ledge of the properties of various alkyltricarballylic acids, their 
anhydro-acids and monomethyl salts, but have not been able con- 
jointly to finish the scheme of work originally drawn up; the 
results so far obtained are, however, sufficiently complete in themselves 
to justify their publication. The investigation of this interesting and 
important series of acids will be continued. 


I. PREPARATION oF Etnyt OYANOTRICARBALLYLATES FROM ETHYL 
CYANOSUCCINATES. 


The method adopted may be briefly described as follows: To a solu- 
tion of 5°75 grams of sodium in alcohol is added one-fourth of a gram- 
mol. of the ethyl cyanosuccinate ; the sodium compound of the latter, 
which is at once formed, remains in solution. Rather more than the 
calculated quantity of the a-bromo-fatty ester is then cautiously added 
in small portions at a time. The interaction which follows is generally 
very vigorous, much heat is developed, and sodium bromide separates. 
The liquid usually becomes neutral after being heated for 30 to 60 
minutes on the water-bath, after which it is poured into water and 
the ethyl cyanotricarballylate extracted with ether in the usual manner. 
On fractionating the crude oil under diminished pressure (20—35 mm.), 
a certain amount of it passes over at temperatures below 150°; the 
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thermometer then rises rapidly to about 200°, when the ethyl cyano- 
tricarballylate begins to distil. 

The following are the particulars concerning the yields, &c., obtained 
in the various preparations, and the properties of the refractionated 
ethyl cyanotricarballylates. 


Ethyl Cyanotricarballylate. 


The yield of refractionated oil obtained from ethyl cyanosuccinate 
and ethyl bromoacetate amounted to 75 per cent. of that theoretically 
possible ; under 28 mm. pressure, it boiled at 206—212°. On being 
rapidly cooled, the distillate solidified. By dissolving the solid in the 
minimum quantity of warm glacial acetic acid, then adding hot water 
until a faint turbidity appeared, and setting the liquid aside to cool 
slowly, the whole of the substance separated after some hours in 
prismatic and transparent crystals which melted sharply at 40—41°. 
On analysis : 

0:2213 gave 0°4421 CO, and 0°1376 H,O. C=54:48; H=6:90, 

03116 ,, 13°8c.c. nitrogen at 18° and 752 mm. N=5-07. 

C,,H,,0,N requires C=54°73 ; H=6°66 ; N=4:'91 per cent. 


CH,*CH(CO,Et)-C-CH,:CO,Et 


Ethyl a-Methyleyanotricarballylate, 
CN CO,Et 
This substance may be prepared by the interaction of either the 
sodium derivative of ethyl B-methyleyanosuccinate and ethyl bromo- 
acetate or of the sodium derivative of ethyl cyanosuccinate and ethyl 
a-bromopropionate. The first named method is much the better of the 
two, and the yield obtained by it amounted to 70 per cent. of the 
theoretical. The refractionated oil boiled at 202—204° under 23 mm, 
pressure, had a density d 0°/4°=1'1329, and a refractive index py, = 
14461. On analysis: 
0°2002 gave 0°4137 CO, and 0:1316 H,O. C=55°86; H=7°31. 
03102 ,, 12°75 cc. nitrogen at 15° and 771mm. N=4:87. 
C,,H,,0,N requires C=56°18 ; H=7:02 ; N=4°68 per cent. 


Ethyl ay-Dimethylcyanotricarballylate, 
CH,*CH(CO,Et)-C-CH(CH,)-CO,Et 
CN 60,Et 


The yield of refractionated oil obtained from ethyl B-methylcyano- 
succinate and ethyl a-bromopropionate amounted to 65 per cent. of the 
theoretical. It boiled at 208—210° under 30 mm. pressure, had a 
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density d 0°/4°=1'1215, and a refractive index py,=1'4484. On 
analysis : 


0°1976 gave 0°4146 CO, and 0°1353 H,O. C=57-21; H=7°61. 
02863 ,, 11:3 c.c, nitrogen at 16° and 758mm. N=4'59. 
C,,H,,0,N requires C=57°50 ; H=7°34; N=4°47 per cent. 


(CH,),0(CO,Et)*C-CH,°CO,Et 
Ethyl aa-Dimethyleyanotricarballylate, 
CN CO,Et 


This may be prepared either by the method adopted by Haller and 
Blane (Joc. cit.) by the interaction of ethyl sodiocyanosuccinate and ethyl 
a-bromoisobutyrate, or by the interaction of ethyl BB-dimethylsodio- 
cyanosuccinate and ethyl bromoacetate. We have tried both methods 
and find that the second is by far the better one; the yield obtained 
by it amounts to 55 per cent. of the theoretical, and if after fraction- 
ating the crude product the portion of lower boiling point be again 
heated with a small quantity of sodium ethoxide in alcohol, a further 
quantity of the cyanotricarballylate is formed, bringing the total yield 
up to nearly 70 per cent. of the theoretical. 

The refractionated oil boiled at 202—204° under 17 mm. pressure, 
had a density d 0°/4° =1:'1353, and a refractive index py, =1°4503. 
On analysis : 


0:2006 gave 0°4206 CO, and 0:1341 H,O. C=57:19; H=7°43. 
C,;H,,0,N requires C=57:50; H=7'34 per cent. 


Ethyl ay-Diisopropyleyanotricarballylate. 


This was prepared by the interaction of ethyl B-isopropylsodiocyano- 
succinate and ethyl a-bromoisovalerate ; the experiment cannot be 
properly carried out in an open vessel on the water-bath, as the reaction 
only proceeds very slowly under these conditions. The mixture was 
accordingly heated in soda-water bottles at 100° under pressure for 
10—12 hours ; on fractionating the resulting crude oil under 15 mm. 
pressure, we obtained from 61 grams of ethyl B-isopropyleyanosuccinate 
originally taken the following fractions : 


(2) Below 150°... 33 grams. (y) 205—215°... 10 grams. 
(8B) 150—205° ... 37 grams. (8) Above 215°, a few drops only. 


The fraction (8) contained large quantities of nitrogen and bromine, 
and evidently consisted of 1 mixture of unchanged cyanosuccinate and 
bromotsovalerate ; the fraction (a) contained no nitrogen to speak of, 
but a large quantity of bromine. They were accordingly mixed, 
and after determining the amount of bromine in the mixture, the 
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corresponding quantity of sodium ethoxide in alcoholic solution was 
added to it. The whole was then heated in a soda-water bottle at 100° 
for 10 hours, as before, and on fractionating the resulting oil a further 
10 grams passed over at 205—215° under 15 mm. pressure. This was 
mixed with the fraction y obtained in the first part of the experiment, 
and the mixed oils were afterwards refractionated under 16 mm. pres- 
sure ; finally, 17 grams of a nearly colourless oil boiling at 208—212° 
were obtained, which represent an 18 per cent. yield. On analysis: 


0°2016 gave 0°4672 CO, and 01596 H,O. C=63'2; H=88. 
0°3259 ,, 11‘l cc. nitrogen at 5° and 762 mm. N=4:09. 
C,,H,,0,N requires C=63'51 ; H=8°65 ; N=3-90 per cent. 


The oil was very thick and viscous, it hada density d 0°/4° =1-075 
and refractive index py, = 1°4595. 


Hydrolysis of the Oils.—With the exception of ethyl ay-ditsopropyl- 
cyanotricarballylate, all the oils just described can be readily hydro- 
lysed by boiling them in a reflux apparatus for 10 to 20 hours with 
strong hydrochloric acid. This method we accordingly adopted. In 
no case did any solid acid separate on cooling the liquid after all the 
oil had dissolved, nor did we find it feasible to isolate the acids by 
means of their calcium salts, a plan which answers very well in the 
case of alkylsuccinic acids. We therefore resorted to the simple ex- 
pedient of saturating the liquid in each case with ammonium sulphate 
and then thoroughly extracting it with pure ether. After drying the 
ethereal solution over anhydrous sodium sulphate and distilling off the 
solvent, there remained an oily residue which usually solidified in the 
course of a few hours. This was then either recrystallised from a 
suitable solvent, or, in cases where it consisted of a mixture of isomeric 
acids, was submitted to a suitable process for their separation. In one 
case, namely, that of aa-dimethyltricarballylic acid, the oil which 
remained after distilling off the ether did not solidify even after stand- 
ing many days, and there was evidence that the hydrolysis had been 
incomplete ; on heating the oil with dilute (10 per cent.) hydrochloric 
acid under pressure at 190° for a few hours, and afterwards evaporating 
the liquid in a vacuum over strong sulphuric acid, the pure acid was 
obtained. 


II. TricaARBALLYLIC ACIDS, THEIR ANHYDRO-ACIDS AND MoNOMETHYL 
SALTs. 


Tricarballylic Acid. 


The acid, after being recrystallised from a mixture of glacial acetic 
acid and chloroform, melted at 157—-159°. On analysis : 


SS ep 2 2s tf ah ace sk Oe 


ee eee 
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0°1806 gave 0:2703 CO, and 0:0762 H,O. C=40°81; H=4°69. 
0°2164 silver salt gave 0°1407 Ag. Ag=65-02. 
C,H,O, requires C= 40°90 ; H=4°54 per cent. 
C,H,0,Ag, , Ag=65°16 per cent. 
The dissociation constant of the acid is 0°022, a value practically 
identical with that given by Walker (0°0224) for tricarballylic acid 
(Trans., 1892, 61, 707). 

The calcium salts of this and the other acids of the tricarballylic 
series described in this paper are readily soluble in cold water, but are 
almost entirely precipitated when the solution is boiled. When a 
25 per cent. solution of calcium chloride is added to a cold solution of 
the neutral ammonium salt of tricarballylic acid, no separation of the 
calcium salt occurs ; on boiling the solution, however, a dense, crystal- 
line precipitate instantly appears which entirely redissolves when the 
liquid is cooled again. The process of alternately precipitating and 
then redissolving the calcium salt may be repeated several times, but 
the precipitate seems very gradually to become less soluble in cold 
water. The behaviour of these calcium salts may be contrasted with 
those of the succinic acids which, when once precipitated from a hot 
solution of the ammonium salts, do not redissolve when the liquid is 
cooled. Acids ofthe two series may be readily separated by means of 
their calcium salts. 

Anhydro-acid.—The characteristic property which the tricarballylic 
acids possess of yielding anhydro-acids (generally crystalline) when 
they are boiled with acetyl chloride, or maintained at a temperature of 
200° or upwards, was first noticed by Emery (Ber., 1891, 24, 596) in 
the case of tricarballylic acid itself. These anhydro-acids combine the 


‘functions of a true anhydride and a monobasic acid, but it has not yet 


been shown whether in their formation from the tricarballylic acid, 
the elements of water are eliminated from the af- or the ay-carboxyl 
groups, or, in other words, whether, say in the case of tricarballylic 
acid, the anhydro-acid has the formula I or II. - 


CH,*CO,H CH,—CO, 
1. CH-COs,, II. CH-CO,H >O. 
CH,*CO CH,—CO0” 


The best way of preparing these anhydro-acids is to dissolve the 
tricarballylic acid in warm acetyl chloride, and, after boiling the solu- 
tion for 2—3 hours in a reflux apparatus, to distil off the solvent and 
afterwards fractionate the residual liquid under diminished pressure. 
In the case of tricarballylic acid, the anhydro-acid passed over between 
215° and 225° under 45 mm. pressure; on cooling, it completely 
solidified, and after recrystallisation from a mixture of chloroform and 
glacial acetic acid, melted at 130—131°. 

D2 
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0:1715 gave 0:2830 CO, and 0:0615 H,O. C=45°10; H=3-98. 
O;H,O, requires C= 45:57 ; H=3-79 per cent. 


The following investigation of the monomethy] salts of tricarballylic 


acid shows that the anhydro-acid has probably the constitution ex-’ 


pressed by the formula I. 

Monomethyl Salts.—There are two possible isomeric monomethyl 
salts of tricarballylic acid, and three methods by which they may be 
prepared, namely, (a) by the direct partial esterification of the acid ; 
(6) by the partial hydrolysis of the trimethyl ester, and (c) by the 
solution of the anhydro-acid in methyl alcohol. We have carefully 
investigated these methods as follows. 

(a) Direct Esterification of the Acid.—Five grams of the acid were 
heated for 10 minutes with methyl alcohol containing just sufficient 
dry hydrogen chloride to effect the esterification of one carboxyl 
group. The excess of alcohol was then distilled off under reduced 
pressure. A colourless oil * remained, which entirely dissolved in a 
cold solution of sodium carbonate, and on being titrated with a 
standard solution of barium hydroxide proved to have an acidity 
corresponding to that of a methyl dihydrogen salt. The silver salt, 
prepared by adding silver nitrate to a solution of the oil exactly 
neutralised with dilute ammonia, was analysed as follows : 


01726, on ignition, gave 0:0920 Ag. Ag=53°30. 
C,H,0,Ag, requires Ag = 53°47 per cent.t 
There can be no doubt, therefore, that the oil had the composi- 


tion of a methyl dihydrogen tricarballylate. The next question 
to be decided was whether the oil was a single substance or a 


mixture of the two isomeric monomethyl] salts. We according deter- — 


mined its dissociation constant on the supposition that whereas a 
single monomethy] salt would give a value for the constant A which 
_ would remain practically the same for successive dilutions, a mixture 
of two isomeric monomethyl] salts would be indicated by well-marked 
variations in the value of X on dilution. The results indicated that 
the oil was a single substance. 


* None of the methyl dihydrogen salts of tricarballylic acids investigated by us 
are solids, so that it was impossible to purify them by crystallisation ; nor did 
distillation under reduced pressure serve the purpose; the evidence of their purity 
is derived from a study of their dissociation constants. 

+ Besides analysing the silver salts of the monomethy] dihydrogen tricarballylates 
described in the paper, we always ascertained the acidity of each by titration with a 
standard barium hydroxide solution. In each case, practically the calculated 
amount of the alkali was required. 
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| Dissociation Constant. K=0'0075. (Temp. 25°.) 
3 . My mM. K. 
li 7°62 8:27 00236 000748 
15°24 11°65 0:0333 0:00753 
30°48 16°42 00469 000756 
60°96 23°03 00658 0°00761 
j (6) Partial Hydrolysis of Trimethyl Tricarballylate.—It was first of 


all necessary to prepare the trimethyl ester from the acid by saturat- 
ing a solution of it in methyl alcohol with dry hydrogen chloride in 
the usual manner. The resulting oil was washed with a dilute sodium 
carbonate solution, and distilled under 48 mm. pressure, when it passed 
over at 205—208°. It was then quite colourless, having a density 
d 0°/4° =1'1381, and a refractive index py,= 14398. On analysis : 


0:2110 gave 0°3823 OO, and 01246 H,O. C=49°41; H=6-56. 
C,H, ,0, requires C= 49°50 ; H=6°42 per cent. 


Six grams of the oil were added to a quantity of potassium hydr- 
oxide, dissolved in methy] alcohol, just sufficient to effect the hydrolysis 
of two methoxy-groups. A drop of a methyl alcoholic solution of 
phenolphthalein was added, and the liquid allowed to stand at the 
ordinary temperature in an atmosphere free from carbon dioxide until 
only the faintest pink tinge remained. Two drops of a methyl alcoholic 
solution of methyl-orange were then added, and dry hydrogen chloride 
passed into the well-cooled liquid until a pink colour first appeared. 
The liquid was at once filtered from the potassium chloride which had 
separated, and the filtrate evaporated in an exhausted desiccator over 
sulphuric acid. The residual oil was dissolved in a slight excess of 
sodium carbonate solution, and the liquid extracted with pure ether 
in order to remove any trace of unchanged trimethyl ester. Finally, 

the solution was acidified with hydrochloric acid, and again extracted 
T with pure ether. About 4:6 grams of a colourless oil were’ thus 
obtained ; the silver salt was prepared and analysed as follows : 


0:2610 gave on ignition 0°1389 Ag. Ag=53°32. 
C,H,O,Ag, requires Ag = 53°47 per cent. 


a 


Its dissociation constant was then determined as follows : 


Dissociation constant. K=0°00925. (Temp. 25°.) 


V. Mo. m. K. 
11°47 9°15 0-0320 000922 
22°94 . 15°78 0-0457 000926 
45°88 22°12 0-0632 000929 


91°76 30°94 00884 0:00933 
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These numbers show that the oil was a single monomethyl di- 
hydrogen tricarballylate and isomeric with that obtained by the direct 
esterification of tricarballylic acid. Now it has been shown by V. 
Meyer, Sudborough, and other workers on the subject of esterifi- 
cation that a carboxyl attached to a primary carbon atom is much 
more easily esterified than one attached to a secondary carbon atom ; 
consequently we must regard the monomethy]l dihydrogen tricarballylate 
obtained by the direct esterification of the acid as the a-compound, 
CO,Me:CH,°CH(CO,H)-CH,°CO,H, and therefore the isomeric ester 
obtained by the partial hydrolysis of trimethyl tricarballylate must be 
the B-compound, CO,H*CH,*CH(CO,Me):CH,°CO,H. 

(c) By Solution of the Anhydro-acid in Methyl Alcohol.—The anhydro- 
acid was boiled for 45 minutes in a reflux apparatus on a sand-bath 
with a quantity of pure dry methyl alcohol slightly in excess of that 
required to effect its conversion into the monomethyl dihydrogen salt. 
The liquid was then placed in a vacuum over sulphuric acid in order 
to get rid of the slight excess of alcohol, and, after some days, the 
residue was subjected to a further purification by means of sodium 
carbonate as described under (+). The silver salt of the purified oil 
was analysed as follows : 


01167 gave on ignition 00611 Ag. Ag=52°35. 
C,H,0,Ag, requires Ag = 52°47 per cent. 


The dissociation constant of the monomethyl salt was determined as 
follows : 


Dissociation constunt. K=0°00945. (Temp. 25°.) 


v. Be. mM. K. 
12°82 9°74 0:0342 0:00945 
25°64 16°80 0:0480 000944 
51°28 23°55 0:0673 0:00946 

102°56 32°87 0:0939 0°00949 


This shows, therefore, that the monomethyl dihydrogen tricarbally]- 
ate obtained by dissolving the anhydro-acid in methyl alcohol is the 
fB-compound, CO,H-CH,*CH(CO,Me)*CH,°CO,H, and such as can 
only result from an anhydro-acid of the constitution represented by 
formula I (p, 35). 


a-Methyltricarballylic Acids, CH.,*CH(CO,H)*CH(CO,H)-CH,-CO,H. 

Since this acid contains two asymmetric carbon atoms, it exists in 
two inactive forms, meso- and racemic, Auwers, von Meyenberg, 
and Kébner (Ber., 1891, 24, 307, 2887) succeeded in isolating these 
from the hydrolysed product of the condensation of ethyl fumarate 


= 
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(1 mol.) with ethyl sodiomethylmalonate (2 mols). Their acids melted 
at 134° and 184° respectively, and it was shown that the isomeride of 
lower melting point is partially converted into the other on being 
boiled with strong hydrochloric acid. 

Our experiments showed that when 26 grams of ethyl a-methyl- 
cyanotricarballylate were hydrolysed with strong hydrochloric acid in 
the manner described, 16°5 grams of a mixture of isomeric acids were 
obtained ; this only solidified after being kept for some days in ice. 
The substance, however, still contained a little nitrogen, and it was 
therefore heated with dilute (10 per cent.) hydrochloric acid in sealed 
tubes at 180—200° for 24 hours. The solid which finally remained 
after evaporating the liquid to dryness melted between 160° and 170°. 
On rapidly extracting this residue with small quantities of cold water, 
one of the stereoisomeric acids dissolved, and the melting point of the 
residue gradually rose to 179° and afterwards remained constant. 
The washings, on evaporation, yielded a residue melting between 136° 
t and 145°, and when this was once again subjected to fractional extrac- 

tion with cold water, an acid melting at 134—135° was obtained from 

the first washings. 
The acids were analysed and their dissociation constants determined 
r as follows : 


trans-Acid, m. p. 179°. 


0°1624 gave 0°2633 CO, and 0:0769 H,O. C=44:11; H=5:35. 
0°3007 silver salt gave 0°1897 Ag. Ag=63°10. 
C,H,,0, requires C= 44:21; H=5-26 per cent. 
C,H,O,Ag, , Ag=63°39 per cent. 


os 


Dissociation Constant. K=0°:0322. (Temp. 25°.) 

v. Mo m. K. 
20°0 27°46 0:0767 0:0319 
40:0 37°42 0°1069 . 0°0320 
80:0 52°14 0°1489 00326 

160:0 71°10 0:2032 0°0324 


cis-Acid, m, p, 134—135°. 
0°2113 gave 0°3425 CO, and 0:1023 H,O. C=44:09; H=5°38. 


C,H,,0, requires C= 44°21 ; H=5-26 per cent. 


| Dissociation Constant. K=0-0480. (Zemp. 25°.) 
V. Mur Mm. E. 

| 20°64 32°83 0-0938 0-0470 
41-28 45°89 0-1311 0-0479 

i 82°56 66°52 0-1900 0-0481 
165-12 90-00 0-2583 0-0486 
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Anhydro-acid.*—We have found that each acid on being dissolved 
in acetyl chloride yields its own liquid anhydro-acid, and that even after 
being distilled under reduced pressure neither of the anhydro-acids 
solidifies. Each anhydro-acid, however, with water yielded the acid 
from which it was originally derived, and on heating the ¢rans-anhydro- 
acid with acetyl chloride, or acetic anhydride, for several hours, it was 
completely transformed into the cis-isomeride. 

Conversion of cis- into trans-Acid.—We are able to confirm Auwers’ 
observation that the cis-acid is partially converted into the trans-iso- 
meride on being treated with hydrochloric acid under pressure at 
190—200° and find that equilibrium is established when 80 per cent. 
is so transformed. 

The behaviour of the anhydro-acids leaves no doubt as to the con- 
stitution of the two isomeric acids from which they are derived; the 
cis-anhydride is the more easily formed from its acid, and is more 
stable than the trans-isomeride. The two acids, therefore, have the 
following constitutions : 


oH, OH, 
H-C-CO,H H-C-CO,H 
CO,H°C-H H-C-CO,H 
HCH HCH 
CO,H CO,H 
trans-Acid, m. p. 179°. cis-Acid, m. p. 1834—135°. 


Monomethyl Salts.—So far we have only studied the monomethyl 
salts of the cis-acid; on determining the dissociation constants of 
those prepared by the three methods described in the case of tri- 


carballylic acid (pp. 36—38), we obtained practically identical numbers 
as follows : 


Mean values of 


Monomethy] salt prepared by K at 25°, 
Direct esterification Of acid ............sceseeeeneeeees 000893 
Partial hydrolysis of trimethyl ester.................. 0:00857 
Solution of anhydro-acid in methyl alcohol ......... 0:00888 


At this stage of the inquiry we do not feel able to express any 
decided opinion as to the interpretation of these results, and the matter 
is receiving further investigation. 


ay-Dimethyltricaballylie Acids, 
CH,*CH(CO,H)-CH(CO,H)-CH(CH,)-CO,H. 


By the hydrolysis of the oil of higher boiling obtained by the inter- 
action of sodium ethoxide (2 mols.) ethyl cyanoacetate, (1 mol.), and 


* Auwers did not study these substances. 


Pe 
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ethyl a-bromopropionate (2 mols.), Zelinsky (loc. cit.) obtained three 
isomeric acids, C,H,.0,, as follows : 


K for M. p. 
M., p. acid. acid. anhydro-acid. 
(1) 203—204° 0°042 111—113° 
(2) 175—176 0°054 129—130 
(3) 148—-149 0°051 117—119 


and although his experiments were not quite conclusive, he brought 
forward evidence in favour of the view that the three acids are stereo- 
isomeric ay-dimethyltricarballylic acids. If this be so, it is the only 
instance of the synthetical formation of three inactive stereoisomeric 
forms of a compound, C(abe)*C(ab)*C(abe), corresponding to the three 
trihydroxyglutaric acids (the one levorotatory, to which there is, of 
course, a@ corresponding ‘racemic’ acid, and the other two ‘ meso ’- 
inactive) obtained by Fischer (Ber., 1891, 24, 1842, 2686, 4222) by 
the oxidation of /-arabinose, xylose, and ribose respectively. The 
point seemed to us sufficiently important to warrant further and 
independent investigation. Briefly stated, our results are as follows. 

When ethyl ay-dimethylcyanotricarballylate was hydrolysed by 
boiling it with excess of strong hydrochloric acid for 12 hours, and 
the resulting liquid extracted with ether, a solid mass was obtained 
which melted gradually between 140° and 160°. By boiling it for 
some time with successive small quantities of hydrochloric acid, part 
dissolved, leaving finally an insoluble constituent which melted at 
206—207°, and was not altered by further treatment with hydrochloric 
acid. On concentrating the hydrochloric acid solution in a vacuum 
over sulphuric acid, two sucessive crops of crystals were obtained which 
meited at 170—188° and 171—173° respectively. This second fraction 
was twice recrystallised from strong hydrochloric acid and then melted 
sharply at 174°. Wewere unable to isolate any third acid either 
from the first crop of crystals melting at 170—188°, or from the 
hydrochloric acid mother liquors. The two acids melting at 206—207° 
and 174° were analysed, and their dissociation constants determined, 
as follows : 


Acid, m. p. 206—207°. 
0°1706 gave 0°2951 CO, and 0:0922 H,O. C=47:19; H=6-01. 
0°1064 silver salt gave 0°0654 Ag. Ag=61°49. 
C,H,,0, requires C= 47°58 ; H=5-88 per cent. 
C,H,0,Ag, 5, Ag = 61°70 per cent. 
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Dissociation constant. K=0°:0445. (Temp. 25°.) 


 % Mu» mM, K. 

33°71 40°18 01148 00441 

67°42 55°81 0°1594 00448 
134°84 75°93 0°2169 0:0446 
269°68 101°70 02911 0°0443 


Acid, m. p. 174°. 
01926 gave 0°3302 CO, and 0:1038 H,0. O= 247-49; H=5°99. 
0°1099 silver salt gave 0: 0676 Ag. pee 61°56. 
C,H,,0, requires C = 47:58 ; H=5°88 per cent. 
C,H,O,Ag, , Ag=61°70 per cent. 


Dissociation constant. K=0°:0545. (Temp. 25°.) 


v. tie. m. K. 
20°7 35°03 0°1002 00559 
41°4 48°67 0°1387 0°:0540 
82°8 66°72 0°1906 0°0542 

165°6 90°60 0°2588 0°0546 


Anhydro-acids.—Each acid dissolved in acetyl chloride, yielding its 
own solid anhydro-acid ; that obtained from the acid of higher melting 
point (206—207°) fused at 110—112°, and that from the acid of lower 
melting point (174°) fused at 130°. 

Mutual Conversion.—({1) The acid melting at 206—207° was heated 
for 4 hours at 180° under pressure with acetic anhydride, and from 
the dark-coloured liquid the acid melting at 174° was recovered by 
means of its potassium salt. It is clear, therefore, that the anhydro- 
acid of the former is at high temperatures converted into that of the 
latter. 

(2) The acid melting at 174° was partially converted into that melt- 
ing at 206—207° by heating it with strong hydrochloric acid at 210° 
for several hours, 

There can be no doubt, therefore, that these two acids are identical 
with two of the acids obtained by Zelinsky, and, further, that they 
are stereoisomeric. 

Zelinsky hydrolysed the oil from which he obtained his three acids 
with sulphuric acid ; we therefore hydrolysed another portion of the 
ethyl ay-dimethylcyanotricarballylate by boiling it with 50 per cent. 
sulphuric acid. The operation was rather a slow one, and was 
only complete after 2 or 3 days. On cooling the liquid a crop of 
crystals, A, separated, melting at 190° or thereabouts; on further 


: 
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concentrating the mother liquor, two more crops of crystals were 
obtained, namely, B, melting at 170—180°, and C, at temperatures be- 
low 139°. From fractions A and B, by further purification, were obtained 
two acids melting at 204—206° and 174—-176°, identical in all respects 
with those obtained in the earlier experiments. Fraction C was sub- 
mitted to two or three recrystallisations from water ; its melting point 
gradually rose to 143° and then remained constant ; analysis showed 
that it had the empirical formula C,H,,0,. On being treated with 
acetyl chloride, it yielded an anhydro-acid, C,H,,0,, melting quite 
sharply at 116—117°, which with water regenerated the original acid, 


Dissociation constant. K=0°0572. (Temp. 25°.) 


v. My mM. RK. 
21-78 36°97 0°1056 0-0573 
43°56 5711 0°1460 0:0573 
87°12 69-80 071994 0:0570 

17424 94:29 0:2693 00569 ~ 


The most curious point about this acid is that on being warmed 
with strong hydrochloric acid it is very quickly and quantitatively 
transformed into the acid melting at 174°; for example, on recrystal- 
lising a portion of it from warm hydrochloric acid its melting point 
rose to 160—164°, after a second recrystallisation to 171—173°, and 
after a third to 174°. 

The question therefore arises: Is this acid melting at 143° a third 
inactive stereoisomeric form of ay-dimethyltricarballylic acid, or is it 
merely a molecular mixture of the other two forms? Three facts are 
in favour of the first view, namely (1) that it yields its own anhydro- 
acid with acetyl chloride; (2) that its dissociation constant varies 
very little with successive dilutions, and is higher than the correspond- 
ing values for the other two acids ; and (3) that treatment with strong 
hydrochloric acid converts it into the second (174°) acid, whereas the 
acid melting at 206° remains absolutely unchanged when heated with - 
hydrochloric acid under the ordinary pressure. 

One of the three acids must be the racemic (érans-) form, the other 
two must be meso-modifications of ay-dimethyltricarballylic acid 
which we may distinguish as the cis,- and cis,acids. Since the an- 
hydro-acid of the acid melting at 174° is the most stable of the three 
anhydro-acids at high temperatures, it is probably one of the cis- (meso-) 
forms ; the other cis-form is, therefore, the acid melting at 143°. The 
someride having the highest melting point must therefore be the 
trans- or racemic form, as under : 
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CH, CH, CH, 
H-0-CO,H H-0-00,H H-0-00,H 
H-0-00,H H-C-C0,H 00,H-O-H 
CO,H-O-H H-C-CO,H H-C-CO,H 
CH, CH, CH, 
Trans- or racemic, cis,- and cis,-Acids (meso). 
m. p. 206—207°. 
At present we are unable to decide which of the two acids, melting 
at 174° and 143° respectively, is the cis,- and which the cis,-form. 
The further investigation of the subject is in hand, however. 


aa-Dimethyltricarballylic Acid, (CH,),C(CO,H)-CH(CO,H)-CH,-CO,H. 


This acid is a very interesting member of the series, inasmuch as it 
is an oxidation product of pinonic acid (Tiemann and Semmler, Ber., 
1895, 28, 1349), also of fenchone (Gardner and Cockburn, Trans., 
1898, 63, 710) and camphoceenic acid (Jagelki, Ber., 1899, 32, 1498). 
The acid we obtained by hydrolysing ethyl aa-dimethylcyanotricarb- 
allylate melted at 143°. On analysis : 


0°2136 gave 0°3722 CO, and 0°1145 H,O. C=47'51; H=5-96. 
C,H,,0, requires C= 47°58; H=5-88 per cent. 


Dissociation constant. K=0°:0318. (Zemp. 25°.) 

v. My. Mm. K. 
23°67 29°16 00833 0:0320 
47°34 40°39 01154 00318 
94°68 54°67 01562 00315 

189°36 75°12 02146 0:0309 

The anhydro-acid, recrystallised from chloroform, melted at 
135—136°. On analysis : 

02022 gave 0°1900 CO, and 0:1003 H,O. C=51:25; H=5-50. 

O,H,,0, requires C=51°61 ; H=5°37 per cent. 

The trimethyl ester was a thick oil boiling at 170—174° under 
33 mm. pressure ; it had a density d 0°/4°=1:1403 and a refractive 
index py, = 1°4417. 

0°1829 gave 0°3588 CO, and 0°1236 H,O. C3535; H=7°51. 

C,,H,,0, requires C=53'7; H=7-32 per cent. 


Monomethyl Salts.—There are three possible isomeric monomethy] salts 
of this acid, namely, (a) (CH,),C(CO,H)*CH(CO,H)-CH,°CO,Me, (4) 
(CH,),C(CO,H)*CH(CO,Me)-CH,°CO,H, and 
(c) (CH,),C(CO,Me)-CH(CO,H)-CH,-CO,H. 
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We prepared monomethy] salts from the acid, the trimethyl ester, and 
the anhydro-acid, by the methods already described (pp. 36-38), with 
the following results : 


(i) By Direct Esterification of the Acid.—A colourless oil. 


0°1526 of its silver salt gave 0076 Ag. Ag=49-79. 
C,H,,0,Ag, requires Ag = 50-00 per cent. 


Dissociation constant. K=0°0180. (Temp. 25°.) 

v. tise m. EK. 
31:2 25°34 00724 00181 
62°4 35°10 0°1003 0°0179 

124°8 48°52 01386 00179 
249°6 65°92 0°1883 00175 


There can be no doubt, therefore, that the oil was a single sub- 
stance, and from the fact that it was formed by the direct esterification 
of the acid (which contains only one primary CO,H group), we may 
conclude that it has the formula (a). 


(ii) By Partial Hydrolysis of the Trimethyl Ester.—A colourless oil. 
0:2038 of its silver salt gave 0:1022 Ag. Ag=50°12. 


Dissociation constant. K=0-00865. (Temp. 25°.) 

v, po Mm. RK. 
8°95 9°63 0:0275 000870 
17°90 13°51 00386 0:00866 
35°80 18°94 00541 0:00863 
71°60 26°28 00751 0:00859 


There can be no doubt that the oil was a single substance and 
quite different from that obtained by direct esterification of the acid, 
but we have no means of judging at present which of the two 
formule, (b) and (c), represents its constitution. 


(iii) From the Anhydro-acid,—A colourless oil. 
0'1286 of its silver salt gave 0°0642 Ag. Ag=49-91 per cent. 


Dissociation constant. K=0°0186. (Temp. 25°.) 
v. jie Ni. R. 
12°52 15°89 00454 0-0189 
25°04 23°14 00661 00186 
50°08 31°96 00913 00183 


This monomethyl salt, therefore, is probably the same as that 
obtained by the direct esterification of the acid. Comparing now the 
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values for X, determined for tricarballylic and ‘aa-dimethyltricarballylic 
acids and their monomethy] salts, 
Monomethy] salt from 
Acid. + Acid. Trimethy] ester. Anhydro-acid. 
Tricarballylic............... 0°022. 00075 0°00925 0:00945 
aa-Dimethyltricarballylic 0°032 0:0180  0:00865 001860 


we see that in both cases the monomethyl salt obtained by the direct 
esterification of the acid is quite different from that obtained by the par- 
tial hydrolysis of the trimethyl ester ; but that the salt obtained from 
the anhydro-acid is in the one case identical with that obtained from 
the trimethyl ester, and, in the othér case, with that yielded by direct 
esterification ofthe acid. 


ay-Diisopropyltricarballylic Acids. 

These acids were prepared with the view of determining whether 
the substitution of two isopropyl groups in ay-positions has an 
influence upon the dissociation constant of tricarballylic acid at all com- 
parable with that exerted upon the constant of succinic acid by the 
symmetrical substitution of two hydrogen atoms by isopropyl groups 
(compare Trans., 1900, '7'7, 667). 

Ethyl ay-diisopropylcyanotricarballylate is a difficult oil to hydrolyse ; 
we found it best to perform the operation in two stages, namely, (1), 
with alcoholic potassium hydroxide, and (2), with 50 per cent. sulphuric 
acid. Finally, on extracting the acid liquid with ether we obtained 
from 17 grams of oil 9°8 grams of a solid mixture of stereoisomeric 
acids. These were difficult to separate, but on dissolving the mixture 
in water, saturating the solution with hydrogen chloride, and allowing 
it to stand for some time, we were able to resolve it into fractions of 
higher and lower melting point, by reason of the greater solubility of 
the latter. Two pure stereoisomeric acids were finally obtained, 
melting at 173° and 156° respectively. Each yielded its own liquid 
anhydro-acid, but we had not sufficient material to investigate these 
properly, and it is possible that, had we been able to purify them 
further they would have solidified. 

The acid of higher melting point was transformed into the anhydro- 
acid of its isomeride on being boiled for many hours with acetyl chloride. 

Each acid was analysed, and its dissociation constant determined as 
follows : 


Acid, m. p. 173°. 
02326 gave 0°4707 CO, and 0°1653 H,O. C=55:18; H=7°90. 
0:1687 silver salt gave 00943 Ag. Ag=56°40. 
C,,H..0,; requires C = 55°38 ; H = 7°69 per cent. 
C,,H,,O,Ag,,, Ag=55°90 per cent. 
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Dissociation constant. K=0'193. (Temp. 25°.) 
m. K 


v. My. . 
1715 151°6 0°4332 07193 
343°0 191°5 0:5469 0-192 
686-0 233°1 0°6660 0°194 

1372°0 270°7 07731 0°192 


Acid, m. p. 156°. 


0°1971 gave 0°3982 CO, and 0°1397 H,O. C=55°09 ; H=7°88. 
0°2018 silver salt gave 01130 Ay. Ag=55°99. 
C, oH. 0, requires C= 55°38 ; H=7°69 per cent. 
C,,H,,0O,Ag,,, Ag=55°90 per cent. 


Dissociation constant. K=0°1625. (Temp. 25°.) 
m. K. 


v, po. a 
95°9 113°7 0°3241 01621 
191°8 148°8 04250 0:1628 
383°6 188°3 05380 0°1633 
767°2 230°0 0°6570 0°1640 


If we compare these values with those for tricarballylic acid (0°022) 
and a-isopropyltricarballylic acid (0°0434—Auwers, loc. cit.), we see at 
once that, in both cases, the introduction of the two isopropyl radicles 
has had a very marked ‘ raising’ effect on the dissociation constant, but 
there is no such enormous difference between the constants of the two 
isomerides as there is between those uf cis- and trans-s-diisopropyl- 
succinic acids. 

The subject of the variation of dissociation constants with molecular 
constitution in this series of acids presents many interesting features, 
and will be discussed more fully in a future communication. 


III. TricaRBALLYLIc Acips rrom EtHyt BRoMOSUCCINATES. 


As already stated, we have studied the preparation of ethyl cyano- 
tricarballylates by the interaction of ethyl bromosuccinates with the 
sodium compound of ethyl cyanoacetate, and have been able to carry 
it out in the following instances. 


Tricarballylic Acid. 


The best method for preparing tolerably pure ethyl bromosuccinate, 
is to act on succinic anhydride with the calculated quantity of dry 
amorphous phosphorus and bromine, to form the dibromide of mono- 
bromosuccinic acid, and afterwards to pour the product into excess of 
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alcohol. In this way we obtained an 80 per cent. yield of ethyl 
bromosuccinate boiling at 140—143° under 29 mm. pressure. On 
condensing this with the calculated quantity of ethyl sodiocyanoacetate 
suspended in alcohol, a 70 per cent. yield of ethyl cyanotricarballylate 
resulted ; when hydrolysed, this yielded tricarballylic acid, melting at 
157—159°. On analysis : 
0°2023 gave 0°3028 CO, and 0°0854 H,O. C=40°81; H=4°69. 
C,H,O, requires C= 40°90; H=4:54 per cent. 


a-Methyltricarballylic Acid. 


On brominating 26 grams of monomethylsuccinic acid by the Hell- 
Volhard-Zelinsky method, pouring the product into alcohol, and 
extracting the resulting bromo-ester with ether, we obtained 38 grams 
of an oil which distilled over at 151—153° under 44 mm. pressure. On 
analysis : 

0°4166 gave 0:2798 AgBr. Br= 29-07. 

C,H,,0,Br requires Br = 29°96 per cent. 

There are two possible isomeric ethyl monobromomethylsuccinates, 

namely, (a) CH,*CBr(CO,Et)*CH,°CO,Et, and 

(8) CH,*CH(CO,Et)-CHBr-CO,Et. 
If the oil obtained by the method first indicated had the formula (a), 
then on condensing it with ethyl sodiocyanoacetate we should obtain 
the cyano-ester of B-methyltricarballylic acid ; on the other hand, if it 
had the constitution (@), it would under similar treatment yield the 
cyano-esters of the a-methyltricarballylic acids, 

On trying the experiment we obtained a 50 per cent. yield of an ethyl 
methylcyanotricarballylate (b. p. 235—245° under 30 mm. pressure) 
which, on hydrolysis with strong hydrochloric acid, yielded the two 
a-methyltricarballylic acids, melting at 177—180° and 134° respec- 
tively, but not a trace of any 8-methyltricarballylic acid. Hence the 
ethyl monobromomethylsuccinate obtained when methylsuccinic acid is 
brominated in the manner described has the constitution 

CH,*CH(CO,Et)-CHBr-CO,Et. 

The two a-methyltricarballylic acids obtained were analysed as 
follows : 

Acid, m. p. 177—180°. 

0°1921 gave 0°3174 CO, and 0:0953 H,O. C=440; H=5°51. 

0°3011 silver salt gave 0°1900 Ag. Ag=63:10. 

Acid,m. p. 134°. 

0°2614 gave 04228 CO, and 01280 H,O. C=44:11; H=5-44. 

0°1991 silver salt gave 0°1255 Ag. Ag=63-06. 

O,H,,0, requires C= 44°21 ; H=5-26 per cent. 
C,H,0,Ag, , Ag=63°39 per cent. 


Pe 
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ALKYLTRICARBALLYLIC ACIDS. 


aa-Dimethyltricarballylic Acid, 


Twelve grams of as-dimethylsuccinic acid, on bromination by the 
Hell-Volhard-Zelinsky method, yielded 20 grams of monobromo-ester 
boiling at 159—164° under 70 mm. pressure. On analysis : 


0°2442 gave 0°1589 AgBr. Br=27°69. 
C,,H,,0,Br requires Br = 28°47 per cent. 


On condensing this with the calculated quantity of ethyl sodiocyano- 
acetate, we obtained a 50 per cent. yield of ethyl aa-dimethyleyanotri- 
carballylate boiling at 210—220° under 35 mm. pressure. When 
hydrolysed with strong hydrochloric acid, this yielded aa-dimethyltri- 
carballylic acid melting at 140—142°. On analysis: 


0°2611 gave 0°4554 CO, and 0:1408 H,O. C=47:59; H=5°99. 
0°2122 silver salt gave 0°1308 Ag. Ag=61°61. 
C,H,,0, requires C= 47:58 ; H=5-88 per cent. 
C,H,O,Ag, , Ag=61-71 per cent, 


We have also studied the bromination of cis-s-dimethylsuccinic acid 
by methods similar to those already described. Many workers have 
investigated the bromination of this and the isomeric trans-acid under 
varying conditions and with widely different results. Hell and Roth- 
berg (Ber., 1889, 22, 66) state that both acids behave normally on 
bromination, yielding cis-monobromodimethylsuccinic acid; Zelinsky 
and Krapivin (Ber., 1889, 22, 390), Bischoff and Voit (Ber., 1890, 23, 
390), and Auwers and Imhiuser (Ber., 1891, 24, 2233), on the contrary, 
assert that neither acid can be brominated under any conditions, and 
that the substance which results is always the anhydride of pyro- 
cinchonic acid (m. p.95°),so that if any monobromo-anhydride (or acid) is 
momentarily produced it must at once lose hydrogen bromide as follows : 

CH,°CBr-CO CH,°C-CO. 

CH, GH-007° = HBF + op.8.co7? 

Our own experience shows that when a mixture of cis-s-dimethylsuccinic 
acid and amorphous phosphorus is treated with the quantity of dry 
bromine required to form the dibromide of the monobromo-acid, bromina- 
tion certainly takes place, for on pouring the product into alcohol, and 
extracting and fractionating the resulting ester, we obtained a very 
fair yield of a bromo-ester containing 26°86 per cent. of bromine 
(C,,H,,0,Br requires Br = 28°47 per cent.). 

On condensing this bromo-ester with ethyl sodiocyanoacetate, sodium 
bromide was at once eliminated, but the product obtained was not a 
cyanotricarballylic ester, and up to the present we have not been 
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able to ascertain what really happened. The subject is still under 
investigation. 


In conclusion, we wish to state that one of us is investigating the 
preparation and properties of tri- and tetra-methyltricarballylic acids. 

The cost of the materials required for this investigation has been 
largely defrayed out of grants from the Research Fund of the Society. 


THE OWENS COLLEGE, 
MANCHESTER. 


VI.—The Bromination of Trimethylsuccinic Acid and 
the Interaction of Ethyl Bromotrimethylsuccinate 
and Ethyl Sodiocyanoacetate. 


By Witu1am A. Bone and Caarizs H. G. Sprank.ine. 


In connection with ovr investigations on the synthesis of alkyltricarb- 
allylic acids, we have recently studied the bromination of trimethyl- 
succinic acid, and the interaction of ethyl bromotrimethylsuccinate 
and ethyl sodiocyanoacetate. Some years ago, one of us, in conjunction 
with Professor W. H. Perkin, jun., unsuccessfully attempted the 
synthesis of i-camphoronic (aa-trimethyltricarballylic) acid by a 
method involving this reaction, which is expressed by the following 
equation : 
(CH,),C(CO,Et)-CBr(CH,)-CO,Et + NaCH(CN)*CO,Et = NaBr 

+ (CH,),C(CO,Et)-C(CH,)(CO,Et)-CH(CN)-CO,Et. 


As a matter of fact, a crystalline acid melting at 137° and quite 
different from i-camphoronic acid was finally isolated from the hydro- 
lytic products of the resulting cyano-ester, but the quantity obtained 
was too small to allow of a satisfactory investigation of its properties 
being made, The study of the subject was fer the time being aban- 
doned, partly on account of the difficulty experienced in preparing a 
sufficient quantity of trimethylsuccinic acid by any method then 
known, and also because Perkin and Thorpe succeeded in synthesising 
i-camphoronic acid by another method in 1897 (Trans., '71, 1169). 
Since, however, the preparation of large quantities of pure trimethyl- 
succinic acid is no longer a difficult matter, we decided to reinvestigate 
the subject, and, if possible, to ascertain the cause of the earlier failure 
to synthesise camphoronic acid. 

In 1898, Gustav Komppa (Acta Soc. Scient. Fenn., 24, 1; also Absir., 
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1899; i, 419) tried to prepare bromotrimethylsuccinic acid by the action 
of phosphorus pentabromide on the corresponding hydroxy-acid. He 
was, however, unable to isolate any pure product from the complex 
mixture of substances obtained, and his experiments indicated that the 
three methyl groups in hydroxytrimethylsuccinic acid greatly hinder 
the replacement of hydroxyl by bromine. 

The results of our experiments may be briefly stated as follows : 
(1) When trimethylsuccinic acid is heated with the calculated quantity 
of bromine under pressure at ]30°, it is quantitatively converted into - 
the characteristic white crystalline bromotrimethylsuccinic anhydride 
melting at 197—198° ; it is not possible to obtain the pure bromotri- 
methylsuccinic acid by dissolving this anhydride in hot water, since 
partial decomposition, with loss of hydrogen bromide, occurs during 
the process. 

(2) If the bromination of trimethylsuccinic acid be carried out 
according to the Hell-Volhard-Zelinsky (phosphorus and bromine) 
method and the product poured into alcohol, a mixture of bromo- 
anhydride and ethyl bromotrimethylsuccinate results, from which it is 
very difficult to obtain the latter substance in a tolerably pure state. 

(3) Both the bromo-anhydride and ethyl bromotrimethylsuccinate 
readily lose hydrogen bromide under the influence of an alkali. By 
heating the bromo-anhydride with diethylaniline and subsequently 
pouring the liquid into a solution of potassium hydroxide, we obtained 
the potassium salt of methylenedimethylsuccinic acid, C,H,,0O, The 
ethyl ester of this acid very readily combines with hydrogen bromide, 
forming a bromo-ester, C,H,,O,Br, which, so far as we have been able 
to ascertain, seéms to be identical with the ethyl bromotrimethyl- 
succinate, (CH,),C(CO,Et)*CBr(CH,)*CO,Et, prepared directly from 
trimethylsuccinic acid. 

We would point out in this connection that Vincenzo Paolini 
(Gazzetta, 1900, 30, ii, 497), by acting on ethyl hydroxytrimethyl- 
succinate with phosphorus pentachloride, has obtained the ethyl ester 
of an acid, C,H,,0,, melting at 153—154°. Since this acid neither 
absorbed bromine or hydrogen bromide at the ordinary temperature, 
nor decolorised cold aikaline permanganate, he concluded that its 
molecule was not unsaturated, and described it as dimethyltrimethyl- 
enedicarboxylic acid. The formation of such an acid he explained 
by supposing that the ethyl chlorotrimethylsuccinate formed in the 
first instance by the action of phosphorus pentachloride on the ester 
of the hydroxy-acid at once loses hydrogen chloride, the elimination of 
which takes place between the chlorine and a hydrogen atom of a 
methyl group attached to the other carbon atom, so that ‘ring- 
formation ’ occurs thus, 

E 2 
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CO, Et CO,Et ~ CO, Et 
CH,C-CH, _ OH,-C-CH, OH, °C 
CH;C-OH CH,-C-C1 . CH, ORs ' 

CO,Et CO, Et _ CO, Et 


His acid certainly appears to have properties quite different from 
those of methylenedimethylsuccinic acid, and we are therefore led to the 
interesting conclusion that the elimination of hydrogen bromide from 
a bromotrimethylsuccinic derivative and of hydrogen chloride from a 
chlorotrimethylsuccinic molecule may occur in two entirely different 
ways. This is a point which certainly deserves further investigation. 

(4) Ethyl bromotrimethylsuccinate reacts with ethyl sodiocyano- 
acetate, yielding the cyano-ester of a tribasic acid, C,H,,0,, melting at 
137—138°, and isomeric with i-camphoronic acid (m. p. 169—172°). 
Tbe formation of such an acid can be explained on the supposition 
that ethyl bromotrimethylsuccinate loses hydrogen bromide, forming 
ethyl methylenedimethylsuccinate, which at once condenses with the 
ethyl cyanoacetate as follows : 


(CH,),C(CO,Et)-C(CO,Et):CH, + CH,(CN)-CO,Et = 
(CH,),0(CO, Kt)*CH(CO,Et)*CH,*CH(CN)-CO,Et. 


If this interpretation of the matter be correct, the acid, C,H,,0,, 
obtained on hydrolysing the product with hydrochloric acid would be 
aa-dimethylbutane-af36-tricarboxylic acid, 

(CH,),C(CO,H)-CH(CO,H)*CH,°CH,-CO,H ; 
the results of a ‘ potash fusion’ of the acid, which yielded acetic and 
trimethylsuccinic acids, are consistent with this view of its constitution. 


EXPERIMENTAL. 


Bromination of Trimethylsuccinic Acid. Formation of Bromotrimethyl- 
succinic Anhydride and Ethyl Bromotrimethylsuccinate. 


(1): Hell-Volhard-Zelinsky Method.—We have at various times carried 
out experiments in which rather more than the calculated quantity 
of dry bromine was slowly dropped on a well cooled mixture of trimethyl- 
succinic acid and the theoretical amount of dry amorphous phosphorus. 
In each case, a vigorous reaction ensued accompanied by a strong 
evolution of hydrogen bromide, which only ceased after the mixture 
had been heated on the water-bath in a reflux apparatus for 6 or 8 
‘hours. 

On dropping the resulting brown liquid into an excess of alcohol 
(well cooled in ice) and afterwards pouring the alcoholic solution into 
a large excess of water, a heavy brown oil separated, which was 
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extracted with ether in the usual manner. After washing the ethereal 
solution with dilute (5 per cent.) sodium carbonate solution, then 
drying it over anhydrous sodium sulphate, and finally distilling off the 
ether, there remained a heavy reddish-brown oil which appeared to 
decompose when we tried to distil it under reduced pressure. 

Analyses showed, however, that samples prepared at different times 
invariably contained from 30 to 33 per cent. of bromine, or consider- 
ably more than that required for ethyl bromotrimethylsuccinate, 
C,,H,,0,Br, namely, 27:12 per cent. 

Bromotrimethylsuccinic Anhydride.—After the oil had stood for some 
weeks in an exhausted desiccator over sulphuric acid, yellowish crystals 
began to separate; these were removed from time to time, and after 
being pressed on a porous plate were recrystallised from hot benzene. 
When quite pure, they melted sharply at 197—198°. The substance 
was insoluble in cold water or a cold solution of sodium carbonate, but 
readily dissolved in a warm solution of potassium hydroxide without, 
however, any formation of alcohol. It was, therefore, neither an 
acid nor an ester ; the following analysis showed that it had a com- 
position corresponding to that of bromotrimethylsuccinic anhydride, 
and a further study of its properties showed it to be this substance.* 


01691 gave 0:2368 CO, and 0:0600 H,O. C=38:19; H=3°95. 
0:2364 ,, 0°2036 AgBr. Br=36°64. 
C,H,O,Br requires C= 38:06 ; H=4:07 ; Br = 56-20 per cent. 


Ethyl Bromotrimethylsuccinate.—The crude oil was kept for several 
months until no further separation of bromoanhydride occurred: on 
analysing the residual oil, we obtained, for two different preparations, 
the following numbers : 


(1) 0°5202 gave 0°3525 AgBr. Br= 28°82 per cent. 
(2) 02528 ,, 01713 AgBr. Br=28°83 __,, 


It, therefore, still contained 1‘7 per cent. more bromine than that 


* Assuming that the dibromide of bromotrimethylsuccinic acid is produced by 
the action of phosphorus and bromine on trimethylsuccinic acid, the formation of 
this bromoarhydride can only be accounted for on the supposition that when the 
bromo-dibromide is dropped into alcohol, only part of it is decomposed, yielding 
ethyl bromotrimethylsuccinate, and that the other part reacts with the alcohol 
somewhat as follows : 


(CH,),C*COBr (CH),C—-CO 
+ 20,H;OH = O + 2C,H,;Br + H,0, 
CH,*CBr*COBr ’ CH, "CBr o> . 
CH,),C°COB CH,),0°CO,0,H 
“a "+ G,HOH = HBr + | os OOCs ‘| 
CH,*CBr*COBr CH,*CBr *COBr 
(CH3), C—-CO 


>0 + O,H;Br. 


CH,*CBr°CO 
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required for ethyl bromotrimethylsuccinate, an indication that there 
remained a fair quantity of the bromo-anhydride in solution (a mix- 
ture of 81:3 parts of bromo-ester and 18°7 of bromo-anhydride would 
contain 28°8 per cent. of bromine). With a view tothe complete esteri- 
fication of this bromo-anhydride, the oil was repeatedly heated with an 
excess of ethyl alcohol containing 5 per cent. of hydrogen chloride ; 
by this means, the bromine was reduced to 28:0 per cent. As we 
subsequently found, however, that the bromo-anhydride, when treated 
with alcohol and hydrogen bromide, forms only the monoethy] salt, 
it was evident that the oil now consisted of a mixture of neutral and 
acid esters. We therefore dissolved it in pure ether and extracted 
the solution with a 5 per cent. sodium carbonate solution. On distil- 
ling off the ether, we found that the residual oil could now be fraction- 
ated under reduced pressure without undergoing any appreciable 
decomposition. Under 20 mm., the greater portion of it distilled over 
between 160° and 170° as a faint yellow oil having a very pungent 
odour. The following analysis indicated that it was practically pure 
ethyl bromotrimethylsuccinate :* 


0°2934 gave 0°1846 AgBr. Br= 26°76. 
C,,H,,0,Br requires Br = 27°12 per cent. 


(2) Action of Bromine on Trimethylsuccinie Acid at 120—130°.— 
Bromotrimethylsuccinic anhydride may be most conveniently prepared 
in quantity by the following method. 

Five grams of trimethylsuccinic acid are heated with an equal 
weight of dry bromine in a sealed tube at 120—130° for 6 to 8 hours. 
The careful regulation of the temperature is important, since below 
120° the bromination is not complete, and above 140° the contents of 
the tube are liable to char. Great care should be taken in opening 
such tubes after the heating, for the pressure in them is very great, and 
since dense clouds of hydrogen bromide are evolved it is advisable to 
carry out the operation in the open air. A solid with a slight orange 
colour remains after the pressure has been relieved; sometimes it 
swells up considerably during the escape of gas, and may occasionally 
froth over out of the tube, and it is therefore advisable to have a 
large beaker at hand in which to receive any that may be so forced 
out. The solid should be washed with a cold dilute solution of sodium 
carbonate, dried on a porous plate, and recrystallised from hot benzene. 
The yield is quantitative. 


* The preparation of this ester is best carried out by dropping the brominated 
trimethylsuccinic acid into excess of ice-cold ethyl alcohol containing 5 per cent. of 
hydrogen bromide, heating the solution for about three hours on the water-bath to 
convert the bromo-anhydride into the monoethyl salt, and subsequently removing 
the latter by means of a cold 5 per cent. solution of sodium carbonate. 
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When pure, the bromo-anhydride melts at 197—198° ; it is quite in- 
soluble in cold water or a cold dilute solution of sodium carbonate. 
We endeavoured to prepare bromotrimethylsuccinic acid by dissolving 
the anhydride in warm water and evaporating the solution until, on 
cooling, crystals appeared. In this way, colourless needles were ob- 
tained which, however, melted indefinitely between 120° and 130°, and 
contained only 31'1 per cent. of bromine; since the bromo-acid, 
C,H,,0,Br, requires 33°5 per cent. of bromine, it was evident that 
some decomposition had occurred during the solution of the bromo- 
anhydride, and a subsequent careful examination showed that hydrogen 
bromide is slowly liberated during the process. 

Action of Alcohol and Sodium Ethouide on the Bromo-anhydride.— 
On heating the bromo-anhydride with a molecular proportion of sodium 
ethoxide in ethyl alcohol, the liquid became neutral in about half an 
hour without, however, any separation of sodium bromide. On passing 
dry hydrogen chloride into the resulting liquid, sodium chloride separ- 
ated, and as soon as the whole of the sodium had been thus eliminated 
the liquid was filtered and the clear filtrate evaporated in a vacuum 
over sulphuric acid. There finally remained a colourless, semi-solid 
mass containing 30°3 per cent. of bromine, which exhibited all the pro- 
perties of an acid ester (ethyl hydrogen bromotrimethylsuccinate, 
O,H,,0,Br, requires Br = 30-0 per cent.). 

The same substance was obtained by heating the bromo-anhydride 
with an excess of ethyl alcohoi in sealed tubes at 160° and afterwards 
distilling off the excess of alcohol on the water-bath. In neither of these 
experiments were we able to detect the formation of any neutral ester, 
and in each case the product instantly and completely dissolved in a 
cold solution of sodium carbonate with evolution of carbon dioxide. 
Our attempts to purify the substance by distillation under reduced 
pressure were unsuccessful, since decomposition began at temperatures 
below the boiling point. 

We also made several unsuccessful attempts to prepare the silver 
salt of this acid ester, but as soon as silver nitrate was added to its 
aqueous solution neutralised with dilute ammonia, a copious yellow 
precipitate of silver bromide appeared, and we were not more success- 
ful in experiments in which freshly prepared silver carbonate was added 
to the aqueous solution. 


Action of Diethylaniline on the Bromo-anhydride. Methylenedimethyl- 
succinic Acid, C,H,,0,. 

As bromotrimethylsuccinic anhydride showed a tendency to lose 
hydrogen bromide on being boiled with water, we decided to study the 
action of diethylaniline on it with the view of preparing the correspond- 
ing unsaturated acid. 
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Accordingly, a solution of 10 grams of the bromo-anhydride in 
15 grams of diethylaniline was heated in a reflux apparatus on a sand- 
bath for 10 hours, after which it was poured into a hot concentrated 
solution of potassium hydroxide. After the diethylaniline had been 
extracted with ether, the alkaline liquor was acidified, saturated with 
ammonium sulphate, and again extracted with ether. In this way a 
solid acid was obtained which was purified by dissolving it in excess of 
sodium carbonate solution, extracting resinous matter with chloroform, 
then boiling the solution with animal charcoal, finally acidifying and 
extracting it with pure ether. The pure acid was thus obtained as 
perfectly white crystals which melted at 140—141°. On analysis: 


0°2063 gave 0°4010 CO, and 0:1290 H,O. C=52:9; H=6-51. 
C,H,,0, requires C=53'16 ; H=6°33 per cent. 


(CH,),C-CO,H 

CH,:C-CO,H’ 
fairly soluble in cold water, and, like other succinic acids, gives an in- 
soluble calcium salt when a solution of its neutral ammonium salt is 
boiled with calcium chloride solution. Its aqueous solution instantly 
decolorises alkaline permanganate and rapidly absorbs bromine in the 
cold. The acid is readily esterified, and its liquid diethyl ester boils at 
173—176° under 755—760 mm. 

Action of Bromine on the Diethyl Ester.—On adding a solution of 
bromine in chloroform to the diethyl ester, the halogen at once dis- 
appeared ; as soon as no more of it was absorbed, the chloroform was 
distilled off and the residual oil at once hydrolysed with hydrochloric 
acid. On cooling, a white crystalline dibromo-acid separated, which 
after recrystallisation from hydrochloric acid melted at 178—179°. 
On analysis : 


Methylenedimethylsuccinic acid, melts at 140—141°, is 


0:3027 gave 0°3529 AgBr. Br=49°6. 
C,H,,0,Br, requires Br= 50:0 per cent. 


Action of Hydrogen Bromide on the Diethyl Ester.—Ten grams of the 
diethyl ester were mixed with an aqueous solution of hydrogen bromide 
(saturated at 0°). Much heat was evolved, the bromide being very 
quickly absorbed. The product was extracted with ether, and the 
ethereal solution washed with dilute sodium carbonate solution and after- 
wards dried over anhydrous sodium sulphate. On distilling off the ether 
there remained a liquid diethyl ester of a bromo-acid which contained 
an amount of bromine corresponding to that required for the empirical 
formula C,,H,,0,Br. Thus: 


0°4165 gave 0:2650 AgBr. Br = 27-07. 
C,,H,,0,Br requires Br = 27°12 per cent. 
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Most probably, therefore, this oil was ethyl bromotrimethylsuccin- 
ate, (CH,),C(CO,C,H,)*C(CH,)Br-CO,C,H,, although it is just possible 
that it was the isomeric ethyl a-methyl-5-bromobutane-By-dicarboxyl- 
ate, (CH,),C(CO,C,H,)*CH(CO,C,H,)-CH,Br. On comparing the 
action of the oil with that of the ethyl bromotrimethylsuccinate 
obtained by the direct bromination of trimethylsuccinic acid (see p. 54) 
on ethyl sodiocyanoacetate (see next section), identical products were 
obtained in the two experiments. We afterwards found that the 
identity of these products does not necessarily imply the identity of 
the two bromo-esters in question, so that which of the two foregoing 
formule represents the constitution of the oil obtained by the action 
of hydrogen bromide on diethyl methylenedimethylsuccinate is a point 
we have not yet definitely established. 


Interaction of Ethyl Bromotrimethylsuccinate and Ethyl Sodiocyano- 
acetate. 


(1) To a solution of 15 grams of sodium in 20 grams of alcohol 
were added 7°5 grams of ethyl cyanoacetate and 19 grams of ethyl 
bromotrimethylsuccinate ; much heat was developed, sodium bromide 
separated, and the liquid became neutral after being heated for 3 
hours on the water-bath. The product was extracted with ether and 
fractionated under 20 mm. pressure. A fair proportion of it passed 
over between 130° and 150°, the temperature then rose rapidly to above 
200°, and about half of the oil distilled between 210° and 215°. This 
higher fraction was hydrolysed by boiling it with strong hydrochloric 
acid for 24 hours. On cooling the liquid, no crystals separated, so it was 
saturated with ammonium sulphate and thoroughly extracted with 
ether. 

In this way, a white crystalline acid was isolated which, after 
recrystallisation from strong hydrochloric acid, melted sharply at 
137—138°. This, it will be observed, is the same melting point as that 
of the acid obtained by one of us and Professor Perkin some years 
ago by the same series of reactions. The acid was therefore not 
i-camphoronic acid (m. p. 169—172°), and, further, all attempts to iso- 
late any camphoronic acid from the hydrolytic products by means of 
its characteristic barium salt entirely failed, so we can only conclude 
that none had been formed. Analysis of our acid, however, indicated 
that it was tribasic and isomeric with camphoronic acid, C,H,,0,, 
thus : 


0:1364 gave 0:2500 CO, and 0°0813 H,O. C=49°87; H=6°62. 
0°1095 silver salt gave 0°0657 Ag. Ag=60°0. 
C,H,,0, requires C= 49°53 ; H=6-42 per cent. 
C,H,,0,Ag,,, _Ag=60°10 per cent. 
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(2) In another experiment, 11 grams of the bromo-ester obtained by 
the action of hydrogen bromide on ethyl] methylenedimethylsuccinate 
were added to the calculated quantity of ethyl sodiocyanoacetate sus- 
pended in alcohol. Sodium bromide at once separated and on continu- 
ing the experiment as described in the preceding paragraph, we finally 
obtained a cyano-ester boiling at 230—240° under 40 mm. pressure. 
This on hydrolysis with hydrochloric acid yielded the same acid, 
C,H,,0,, melting at 137°. 


Fusion of the Acid, CyH,,O,, with Potassium Hydrowide. 


In order to obtain evidence as to the constitution of the acid, 5 
grams of the substance were fused with a paste of 30 grams of 
potassium hydroxide at 180—200°. A vigorous decomposition ensued. 
After being cooled, the fused product was dissolved in water, acidified 
with dilute sulphuric acid, and the liquid then distilled with steam. 
The distillate contained a fatty acid, the analysis of whose silver salt 
showed it was acetic acid. 


02021 silver salt gave 0°'1303 Ag. Ag=64:47. 
C,H,O,Ag requires Ag = 64°67 per. cent. 


On extracting the residual liquor with ether, a solid acid melting at 
147° and in other respects ilentical with trimethylsuccinic acid was 
obtained. (An analysis of the silver salt of this acid was made, but 
the results have, unfortunately, been mislaid ; they agreed well with 
the calculated numbers for silver trimethylsuccinate.) 

These results are quite consistent with the view that the acid 
C,H,,0, is aa-dimethylbutane-aBd-tricarboaylic aeid, and indeed it is 
difficult to see what other constitution could be assigned to it. The 
further investigation of its properties has, for the time being, been 
stopped on account of lack of material, but will be resumed in the 


near future. 


We desire to state that the greater part of the materials required 
for this research was purchased out of a grant from the Research Fund 


of the Society. 


THE OWENS COLLEGE, 
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VII.—The Constituents of the Essential Oil of Asarum 
Canadense. 
By Freperick B. Power and Freperic H. Lees. 


THE aromatic essential oil distilled from the underground portion, 
rhizome, and rootlets of Asarum canadense, commonly known as 
Canada Snake-root, was first investigated by one of us a number of 
years ago (Power, Jnaug. Diss., Strassburg, 1880; Proc. Amer. Pharm. 
Assoc., 1880, 28, 464). In that investigation, the following substances 
were isolated. (1) A terpene, C,,H,,, b. p. 163—166°; (2) two 
fragrant alcohols, differing considerably in their boiling points and 
also in their odour, but both possessing the same empirical formula, 
C,,H,,0. The alcohol of lower boiling point, 196—199°, was termed 
asarol, and had an odour which recalled that of coriander, but was also 
somewhat camphoraceous, whilst the alcohol of higher boiling point, 
222—226°, had a rose-like fragrance ; (3) a fraction, possessing but 
little odour, b. p. 254—257°, representing the largest single con- 
stituent of the oil, which, upon oxidation with chromic acid, afforded 
an acid of the composition C,H,,0,. This acid was subsequently 
shown by Petersen (Ber., 1888, 21, 1062) to be veratric acid and was 
obtained by him by the oxidation of an analogous substance contained 
in the oil of Asarum ewropaewm, boiling at about 250°, which he 
proved to be eugenol methyl ether ; (4) a fraction collected at 275—350°, 
which contains a deep blue oil of undetermined composition ; (5) a 
large amount of acetic acid, combined with the above-mentioned 
alcohols in the form of acetic esters, together with a very small 
amount of a less soluble, oily acid, which appeared to consist of, or at 
least to contain, valeric acid. 

In consideration of the advance in knowledge of the constituents of 
essential oils since the period of the first investigation, and the 
means which are now available for the more positive identification and 
classification of these constituents by the preparation of well-defined 
and mostly crystallisable derivatives, it has seemed desirable again to 
subject the oil in question to a careful chemical examination. 


EXPERIMENTAL. 


The oil employed for this research, about 2 kilos. in amount, 
was distilled by Messrs. Schimmel & Co. of Leipzig. Its density 
at 15°/15° was 0-952, and its rotation ap= - 3°24’ in a 100 mm. tube. 

The oil was first shaken with a 5 per cent. solution of sodium 
carbonate in order to remove the free acids, which were examined in 
connection with the acids obtained by the subsequent hydrolysis uf the 
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oil. It was then shaken three times successively with a 5 per cent. 
solution of sodium hydroxide, and afterwards with water until the 
washings were neutral. The combined alkaline liquids were shaken 
twice with ether to remove any adhering oil, then acidified with 
sulphuric acid, completely extracted with ether, and the ethereal 
liquid dried with calcium chloride. After distilling off the ether, the 
residual liquid was distilled in a vacuum. Under 10 mm. pressure, it 
began to distil at 155°, rising rapidly to 250°, and the last portion 
was observed to solidify inathe condenser. When refractionated, there 
were obtained : 

I. A light coloured oil boiling at 172° under 35 mm. pressure. 

If. A dark oil which boiled somewhat below 200° under 10 mm. 
pressure and solidified on cooling. 


The Phenol, C,H,,0,. 


The first of the preceding fractions was distilled under the ordinary 
(762 mm.) pressure and afforded : 

(1) A light greenish liquid, becoming brown on standing, and 
boiling below 245°. 

(2) A light yellow liquid, boiling at 245—260°, which did not 
solidify at — 16°. 

(3) A small residue, from which a little crystalline substance 
separated on cooling. 

Of these fractions, (1) and (2) were analysed. 


(1) 0°1402 gave 03606 CO, and 01008 H,O. C=701; H=8°0. 
(2) 01493 ,, 0392200, ,, 01066 H,O. C=716; H=7°9. 


These two fractions were then subjected to a final fractionation 
under the ordinary pressure, with the following result : 

(a) A few drops only distilled below 220°. 

(6) From 220° the mercury rose rapidly to 245°. 

(c) The chief portion distilled between 245° and 255°, and was 
fairly constant at 248—252°. 

(d) Only a few drops distilled above 255°. 

Fraction (c) was then analysed. 


0°1523 gave 0:3992 CO, and 0:1073 H,O. C=715; H=7°8. 
C,H,,0, requires C=71'1 ; H=7°9 per cent. 


These results indicate that the phenol contained in asarum oil has 
the empirical formula C,H,,0,. It is a nearly colourless, oily liquid, 
having an odour recalling, but more agreeable than, that of creosote. 
In the process of liberating the phenol from its alkaline solution a 
somewhat clove-like odour was developed, and this at first led us to 
suspect that the phenol contained some eugenol. This, however, is 
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rendered highly improbable, both on account of the constancy of the 
analytical results and the characteristic colour reaction which was 
afforded by all the fractions, but most strikingly by the principal 
fraction (c). Thus a very small quantity of the phenol, when dissolved 
in 90 per cent. alcohol, gives, with a trace of very dilute ferric chloride, 
a beautiful violet colour which only gradually fades, whilst eugenol, 
under the same conditions, gives a green. If, however, the phenol 
from asarum oil be dissolved in absolute alcohol, and a trace of a 
stronger solution of ferric chloride added, it affords a green colour, 
whilst eugenol, under these conditions, gives a deep blue. The amount 
of the phenol available did not permit of the formation of any deriva- 
tives, but as it is not identical with any of the known phenols of the 
formula indicated, it is evidently a new substance, and we shall endea- 
vour to determine its constitution by some synthetical experiments. 


Identification of Palmitic Acid. 


It was noted that in the first distillation of the phenol, a solid sub- 
stance separated in the condenser, and that in a subsequent fractiona- 
tion the higher fraction, designated as II (p. 60), solidified on cooling. 
This was, therefore, brought upon a porous tile, and the substance 
subsequently dissolved in hot light petroleum, from which, on cooling 
it crystallised in colourless, pearly plates. Its melting point was 
60—61°, and this remained unchanged on recrystallisation. On 
analysis, it was identified as palmitic acid : 


0°0874 gave 9°2382 CO, and 0:0982 H,O. C=74:3; H=12°5. 
C,,H,,.0, requires C= 75°0 ; H=12°5 per cent. 


Identification of Pinene. 


Separation of the Terpene.—The oil, which had been shaken with a 
dilute solution of sodium hydroxide as previously described, was 
washed with small, successive portions of water until the washings 
were neutral, and dried with anhydrous sodium sulphate. It was 
then distilled under diminished pressure and the portion collected 
which boiled below 100° under 10 mm. pressure. After several frac- 
tionations of this portion and drying with potassium carbonate, the 
lowest fraction, which distilled below 85° under 10—15 mm. oressure, 
was collected. Its density was 0°8566 at 18°/16°, which proved the 
absence of any olefinic terpene. These liquids were then further 
fractionated under the ordinary pressure, when the greater portion 
finally distilled below 165°, (a), chiefly at 159—161°, and only exceedingly 
small fractions were collected between 165° and 170° (8) and from 
170—180° (y). These were analysed, with the following results : 
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(a) 0°1252 gave 0:4003 CO, and 9°1320 H,O. C=87:2; H=11°7. 

(8) 0°1526 ,, 04873 CO, ,, 01606 H,O. C=87:1; H=11°7. 

(y) 01558 ,, 0°4920C0, ,, 01628 H,0. C=861; H=11°6. 
C,,H,, requires C = 88°2; H=11°8 per cent. 


Fraction below 165°.—This fraction, boiling chiefly between 159° 
and 161°, which is seen to consist of a nearly pure hydrocarbon, 
amounted to about 2 per cent. of the original oil. Its physical con- 
stants were as follows: d 16°/16°=0°8563. af’= +1°36’. It readily 
formed a crystallisable nitrosochloride melting sharply at 103—104°. 
From the latter, the nitrolpiperidide was prepared, which, after re- 
crystallisation from methyl alcohol, melted sharply at 118—119°. 
This fraction thus consisted of pinene, and its low rotation indicates it 
to be a mixture of the d- and /-forms. Petersen (Ber., 1888, 21, 
1059) has previously recognised the terpene existing in the oil of both 
the European and American species of Asarwm as pinene, in the former 
as the /-variety, but identified it only by the formation of an oily 
monobromide and by its conversion into dipentene. 

As it was possible that the very small fraction of our oil collected 
between 170° and 180° might contain dipentene or limonene, it was 
treated with bromine, but only an uncrystallisable, oily product was 
obtained. After being carefully dried, a bromine determination was 
made of this, with the following result : 


0:2915 gave 0°3762 AgBr. Br=54°9, 
C,,H,,Br,. requires Br =54'1 per cent. 


This result serves to prove the absence of either dipentene or 
limonene, both of which form crystallisable tetrabromides, C,,H,,Br,. 
By a careful examination of all the fractions, no terpene other than 
pinene could be detected in the oil. 


Hydrolysis of the Oil. 


For further examination, all the oil boiling above the terpene frac- 
tion was now hydrolysed by boiling with alcoholic potassium hydr- 
oxide for about 2 hours in a flask provided with a reflux condenser. 
After distilling off the greater portion of the alcohol from a water- 
bath, the liquid was brought into a separating funnel and sufficient 
water added to effect the separation of the oil. The latter was then 
drawn off, the aqueous alkaline liquid shaken with successive portions 
of ether, and the ether extracts mixed with the separated oil. The 
latter was then washed several times with water, and these washings 
added to the aqueous alkaline liquid. The ethereal solution of the oil 
was quickly dried with calcium chloride, filtered, the ether distilled 
off, and the residue finally subjected to fractional distillation, first 
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under diminished pressure, and then in part under the ordinary pres- 
sure. The following fractions were eventually obtained: 195—203°, 
203—208°, 208 —216°, 216—222°, 222 235°, 235—-245°, and 245 —260°. 


Identification of Linalool. 


Fraction 195—203°.—This was a large fraction which, when re- 
distilled under the ordinary pressure, passed over mainly at 199° and 
almost entirely at 198—-202° under 768 mm. pressure. It is a colour- 
less, fragrant liquid. It was analysed and its physical constants 
were determined with the following results : 


0°1372 gave 0°3910 CO, and 0°1436 H,O. C=77'7; H=11°6. 
C,,H,,0 requires C= 77-9; H=11°7 per cent. 
d 15°5°/15°=0°8711. ap= +10°48’ in a 100 mm. tube ;|[a]p>= +12°4°. 


When oxidised with chromic acid, it afforded citral, which was ob- 
tained as a pale yellow liquid of strong, lemon-like odour, distilling at 
110—115° under a pressure of 10—12 mm. The latter, by condensa- 
tion with pyruvic acid and B-naphthylamine, was converted into the 
crystalline a-citryl-8-naphthacinchoninic acid, melting at 195—198°. 

The identity of this fraction with d-linalool is therefore definitely 
established. It corresponds to the substance C,)H,,0 (b. p. 196—199°), 
which in the first investigation of the oil was designated asarol. 

Fraction 203—208°.—This fraction was too small for further ex- 
amination, and evidently consisted simply of a mixture of the preced- 
ing and the following fractions. 

Fraction 208—216°.—This was a small fraction, which distilled 
mostly between 208° and 212°. It was analysed, and its physical 
constants were determined, with the following results : 


0°1368 gave 0°3866 CO, and 0°1424 H,O. C=77:1; H=11°6. 
01472 ,, 0415400, ,, 0:1524H,O. C=77:0; H=11'5. 
C,)H,,0 requires C=77'9; H=11°7 per cent. 
d 15°5°/15°=0°911; ay= — 0°24’ ina 100 mm. tube. 


Identification of Borneol. 


The liquid had a camphoraceous and also somewhat rose-like odour. 
When subjected to a temperature of — 10° for an hour, no crystalline 
substance separated. As this fraction of the oil was relatively small, 
and as its constituents were evidently contained to some extent in the 
next higher fraction, the two fractions were mixed. A portion, how- 
ever, of the higher fraction was reserved for special examination. 

This mixture of the two fractions was now gently oxidised with 
Fittig’s oxidation mixture (Ber., 1885, 18, 3207) in the following 
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proportions: 10 parts of oil, 80 parts of potassium dichromate, 
and 120 parts of sulphuric acid, the latter diluted with three times 
its volume of water. The oxidising mixture was added in small 
amounts at a time to the oil, which was kept cool by immersion of 
the containing flask in water. After all the chromic acid solution had 
been added, the mixture was heated on a water-bath for about 20—30 
minutes. It was then distilled from a water-bath under diminished 
pressure and the camphor which separated in the condenser and dis- 
tillate was collected by filtration, and dried on a porous tile. A little 
of the sublimed product was found to melt sharply at 175°. <A deter- 
mination of its specific rotation in 90 per cent. alcohol gave the follow- 
result : 


ap= — 1°45’; 2=0°5 dem. ; c=8°684; [a]p= - 40°3° 


For further identification of the camphor, the oxime was prepared, 
and found to melt at 115—116°. As camphor could not be detected 
in the fraction of the original oil, its formation by the above method 
of oxidation is conclusive proof of the presence of 1-borneol in the oil. 

The chromic acid liquor remaining from the distillation of the cam- 
phor was subsequently shaken out several times with ether, the ethereal 
solution washed with a little water, dried with calcium chloride, and 
the ether removed by distillation. The residual light yellow oil, which 
had a strong odour of acetic acid, was found to be not entirely soluble 
in cold sodium carbonate solution. It was consequently redissolved in 
ether and the ethereal solution shaken out several times with a dilute 
solution of sodium carbonate in order to remove the acids. The ethereal 
solution was then washed with a little water, dried with calcium 
chloride, and the ether removed by distillation. The residue was a 
light yellow oil possessing a coumarin-like odour, and on standing a 
short time became a crystalline paste. This was drained on a porous 
tile, when the substance was obtained quite white. After recrystallisa- 
tion from dry ether it melted at 62°, and was insoluble in sodium 
carbonate solution. On analysis: 


0°1148 gave 0°:2731 CO, and 0:0902 H,O. C=64:9; H=8-7. 
C,)H,,0, requires C= 65:2; H=8°7 per cent. 


This substance is undoubtedly identical with the ketolactone, 
C,)H,,0, (m. p. 62—63°), which was isolated as a product of the 
oxidation of terpineol by chromic acid by Wallach, and has been 
further studied by him, as also by Tiemann and others (Annalen, 
1893, 275, 153 ; 277, 118; Ber., 1895, 28, 1773, 1781). 

The sodium carbonate solution from which the ethereal solution of 
the above ketolactone had been separated was acidified with 
hydrochloric acid, and shaken out several times with ether. The 
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ethereal solution was washed once with water, dried with calcium 
chloride, and the ether removed by distillation. The residue was a 
light yellow syrup, which, on standing, deposited a crystalline acid. 
The syrup was consequently diluted with ether, in which the crys- 
tals appeared to be sparingly soluble, and from which they were 
easily separated by filtration. After washing with dry ether, the 
substance was finally recrystallised from boiling ether. It melted 
at 173—174° and dissolved with effervescence in a cold solution of 
sodium carbonate. 


0°1168 gave 0:2266 CO, and 0:0695 H,O. C=52:9; H=6°6. 
C,H,,0, requires C=53°2 ; H=6°3 per cent. 


This acid is evidently identical with terebic acid, C,H,,O, (m. p. 
175°), which has been found as a direct oxidation product of terpineol, 
as also of the ketolactone, C,,H,,O, (Tiemann and Mahla, Ber., 1896, 
29, 2621). The syrup from which the terebic acid crystallised was 
not examined but probably contained terpenylic acid, which always 
accompanies terebic acid when terpineol or the ketolactone is oxidised 
with chromic acid mixture. It is thus shown that the fractions of the 
oil which served for the identification of borneol also contained a con- 
siderable amount of terpineol. 

In the first investigation of asarum oil, a considerable fraction was 
collected at 222—226°, and as a portion of this was still available it 
was thought of interest to examine it again. It was therefore oxidised 
with a chromic acid mixture in the manner just described, and among 
the products of oxidation there were isolated and identified : camphor 
(m, p. 175°); the ketolactone, C,,H,,O, (m. p. 62°); and terebic acid 
(m. p. 173—174°). It therefore contained borneol and terpineol, and, 


apparently, a small amount of geraniol, as it had the characteristic 
rose-like odour. 


Identification of Terpineol. 


Fraction 216—222°.—This was a small fraction. It had a cam- 
phoraceous and also a somewhat rose-like odour. It was analysed and 
its physical constants were determined, with the following results : 


0°1647 gave 04682 CO, and 0:1698 H,O. C=775; H=11-4. 
0°1633 ,, 0°4610CO, ,, 0:1680H,O. C=77:0; H=11°4. 
C,)H,,0 requires C=77-9 ; H=11-7 per cent. 
d 15°5°/15°=0°9267 ; ap= — 8°26’ in a 100 mm. tube. 


The portion of this fraction which had not been used in connection 
with the preceding one, as described under the latter, was employed 
for the direct identification of terpineol. In view of the presence of 
small amounts of other alcohols, the following method was employed. 

VOL, LXXXI. F 
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The liquid was shaken with a concentrated solution of hydriodic 
acid (sp. gr. 20), when a heavy, dark oil was formed. This was 
separated from the aqueous layer, and shaken with a dilute solution 
of sodium bisulphite to remove any free iodine. The oil was then 
washed with water and allowed to stand, when after a short time 
crystals began to form, and finally the whole became a crystalline 
paste. This was spread on a porous tile, when a small quantity of 
nearly white needles was obtained, which, after recrystallisation from 
light petroleum (b. p. 30—40°), melted at 80°. This melting point 
was identical with that of dipentene dihydriodide, C,,H,,I,, which, for 
the purpose of comparison, we had also prepared from pure crystallised 
terpineol, and when the two hydriodides were intimately mixed, the 
melting point remained unchanged. The formation of this derivative, 
and of the products of oxidation described in the preceding section, 
proves conclusively the presence of terpineol in the oil. The optical 
rotation of the fraction from which it was obtained indicates it to be 


the J-form. 


Identification of Geraniol. 


Fraction 222—235°.—This fraction was collected within the above 
limits, in view of the possible presence of both citronellol and geraniol. 
It was relatively small in amount, and was analysed, and its physical 
constants were determined, with the following results : 


0°1544 gave 0:4370 CO, and 0°1549 H,O. C=77:2; H=11°1. 
01420 ,, 0:3999CO, ,, 01433 H,O. C=768; H=11-2. 
C,)H,,0 requires C=77°9 ; H =11°7 per cent. 
d 15°5°/15° = 0°9340; ap= —9°8' in a 100 mm. tube. 


It possessed a camphoraceous and also a fragrant, rose-like odour. 
Although its high density and rotation indicated that it contained a 
considerable amount of terpineol, and its analysis also showed an 
admixture with some of the next higher fraction, the small amount 
of liquid precluded its further purification by simple distillation. 

The odour of this fraction afforded such convincing evidence of the 
presence of geraniol that Erdmann’s method, which depends on the 
formation of the crystalline geranioldiphenylurethane (m. p. 82°), was 
resorted to for the identification of the substance (J. pr. Chem., 1897, 
[ii], 56, 8). The oil was treated with diphenylearbamic chloride in 
presence of pyridine, as described by Erdmann ; the syrupy residue left 
after distilling the product with steam was then purified by extraction 
with ether, and the ethereal solution evaporated after extraction with 
dilute hydrochloric acid. The residual light brown oil was mixed 
with a little alcohol, when it soon formed a crystalline paste, which 
was drained on a porous tile. The substance was finally recrystallised 
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from a little alcohol, from which it separated in fine, glistening needles 
melting sharply at 81—82°. On analysis : 


0:1444 gave 0-4163 CO, and 0:1015 H,O. C=786; H=78. 
C.,H,,O,N requires C= 79°1 ; H=7-7 per cent. 


The fraction by gentle oxidation with chromic acid afforded a little 
citral, but although the amount of the latter was too small for con- 
version into the naphthacinchoninic acid derivative, the evidence was 
already sufficiently conclusive of the presence of geraniol in this fraction 
of the oil. There was, on the other hand, no indication of the presence 
of citronellol. 

It may be noted that in the first investigation of asarum oil by 
one of us, a fraction was obtained corresponding approximately in 
boiling point (222—226°) to that just described, and that this, on 
more energetic oxidation with chromic acid, afforded, besides acetic 
acid, a small amount of a crystallisable acid. As a specimen of the 
latter had been preserved, it has been re-examined and shown to be 
a mixture of terebic and terpenylic acids. 

Fraction 235—245°.—This was very small in amount, and was 
evidently a mixture of the preceding and following fractions ; a little 
of the crystallised geranioldiphenylurethane was obtained from it by 
the method previously described. 


Identification of Eugenol Methyl Ether. 


Fraction 245—260°.—This constitutes the largest fraction of the 
oil. On redistillation under the ordinary pressure it was easily 
resolved into a large fraction, which was collected between 250° and 
256°, but distilled for the most part between 252° and 254° It is a 
colourless, nearly odourless liquid, and was analysed, and its physical 
constants were determined, with the following results : 


0 1648 gave 0°4522 CO, and 0:1238 H,O. C=748; H=8°3. 
C,,H,,0, requires C= 74:2; H=7°9 per cent. 
d 15°/16°=1°0239 ; ap= — 2°44’ in a 100 mm. tube. 


It has been shown by Petersen (Ber., 1888, 21, 1064) that the oil 
obtained from the allied European species of Asarwm contains a sub- 
stance of the same composition, boiling at about 250°, which on oxidation 
affords veratric acid, and was fully identified as eugenol methyl ether. 
In the first investigation of the oil of Asarwm canadense by one of us, a 
fraction was collected at 254—257°, which on oxidation with chromic acid 
afforded a small amount of a crystalline acid, C,H, 0,, and this 
Petersen has likewise found to be identical with veratric acid. The 
same specimen of acid, after recrystallisation from water, we now 
find to soften at 172°, and to melt completely at 177—178°. 

F 2 


68 POWER AND LEES: THE CONSTITUENTS OF THE 


The confirmation of the identity of this fraction with eugenol methyl 
ether has now been effected by the preparation of the crystalline 
bromoeugenol methyl ether dibromide, C;H,Br(OCH,)-C,H,Br,, which 
melts at 78—79° (Wasserman, Compt. rend., 1879, 88, 1206). This 
was accomplished as follows: To the liquid dissolved in dry chloroform, 
and cooled in a mixture of ice and salt, the requisite quantity of 
bromine, also dissolved in chloroform, was added, drop by drop, and 
any slight excess of bromine removed afterwards by shaking the 
solution with a little sulphurous acid. The chloroform solution was 
separated, dried, and filtered, and the chloroform removed by rapidly 
drawing dry air through the solution. The residue was a thick syrup, 
which, when dissolved in alcohol, deposited a quantity of glistening 
crystals. These, on recrystallisation from absolute alcohol, separated in 
glistening, felt-like needles, which melted at 783—79°. 

The optical activity of the fraction is due to admixture with a 
small amount of a higher fraction, which it is difficult to separate 
completely by fractional distillation. 

Search for isoHugenol Methyl Ether.—As it has been assumed by 
Mittmann (Arch. Pharm., 1889, 22'7, 543) that the substance con- 
tained in asarum oil is not eugenol methyl ether but the isomeride, we 
have thought it desirable to ascertain the correctness of this opinion. 
For this purpose, a portion of the original oil which had been deprived 
of terpene was fractionated under diminished pressure before being 
subjected to hydrolysis. As eugenol methyl ether boils at 128—130° 
(10 mm.) and isoeugenol methyl ether at 142° (10 mm.), fractions were 
first collected at 130—140° and at 140—155° under a pressure of 
about 10 mm. Further fractionation was conducted under 60 mm. 
pressure, at which eugenol methyl ether was found to boil at 166°, 
and isoeugenol methyl ether at 179°. A large fraction was thus 
collected at 163—167° (60 mm.), and also a fraction at 175—185° 
(60 mm.). For the differentiation of these two substances recourse 
was had to bromination, as eugenol methyl ether in the cold yields the 
bromo.bromide, whereas isoeugenol methyl ether under the same 
conditions yields only a dibromide melting at 99—101° (Ber., 1890, 23, 
1167). Onapplying this test to the two fractions, only the crystalline 
derivative melting at 78—79° was obtained, which proves that the 
original oil does not contain isoeugenol methy] ether. 


Fraction boiling above 260°. 


This fraction was distilled under reduced pressure, and after a large 
number of distillations under 60 mm. pressure the following fractions 
were obtained: Below 175°, 175—195°, 195—210°, 210—220°, and 
220—230°. 
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The characters of these fractions are shown in the following table : 


| 
| 


Boiling | Rotation in Solubility in 
point | Analysis, 100 mm. 70 per cent, Colour. 
(60 mm.). | tube. alcohol. 
| ea 
Below 175° - _ Very freely soluble Slight 
175—195 C=76°0; H= 9°3 | ap = —10°12’ | Very freely soluble | Light yellow 
195—210 C=78'4; H=10°3 | ap = -41 40 | Very freely soluble Bluish 
210—220 ,C=81'1; H=10°5 | ap = —100 Less freely soluble Bluish 
220—230 | — — Turbid Greenish 


The fraction collected below 175° consisted chiefly of eugenol methyl 
ether. The three subsequent fractions had an odour resembling that 
of cedar wood, and when a few drops were dissolved in glacial acetic 
acid and a drop of concentrated hydrochloric or sulphuric acid added, 
an intense reddish-violet colour was produced. The fraction 220—230° 
was very small in amount. The analysis of the principal fractions, 
and particularly their ready solubility in dilute alcohol, proved that 
they consisted of oxygenated compounds, and did not contain a sesqui- 
terpene.* As the fraction 210—220° was the largest, this was again 
carefuily distilled, and the following fairly constant fraction obtained, 
which was more fully examined. 

Fraction 212—217° (60 mm.).—This is a thick, viscid liquid, having 
a fine blue colour and an odour recalling that of cedar wood. It does 
not solidify when exposed for some time to a temperature of —18° It 
is very freely soluble in 70 per cent. alcohol and affords the same 
colour reaction as the fraction from which it was obtained. It was 
analysed, and its physical constants were determined, with the following 
results : 


0°1069 gave 0:3133 CO, and 01009 H,O. C=79:9; H=105. 
d 15°/16°=1-0063 ; ap= —3°; 7=100 mm; c=3°678;[a]p= —81°5°. 


A molecular weight determination gave the following result : 04184 
gram depressed the freezing point of 30°17 grams of phenol by 0°48°, 
whence mol. wt. = 214. 

This result would agree ride well with a sesquiterpene alcohol of 
the formula C,,H,,O (mol. wt. = 222), but the analytical figures do 
not accord with those required for this substance (C=81:1; H=11°7 
per cent.). It is probable, therefore, that the fraction analy sed still 
consisted of more than one substance. 

* The statement in ‘The Volatile Oils,” by Gildemeister and Hoffmann (p. 123) 
hat ‘‘Semmler, in 1889, obtained from asarum oil a hydrocarbon, C,H, boiling 
at about 255°” is an error of trauslation. It properly refers to the oil of Carlina 
acaulis or Carline thistle (German, Zberwurz), which is described on p. 690 of the 
same work, 
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Treatment with Phosphoric Oxide.—In order to obtain further evidence 
respecting the character of these bluish fractions, an attempt was made 
to dehydrate them. The remainder of the fractions 195—-210° and 
210—220° (60 mm.), about 5 grams of each, was separately dissolved 
in dry benzene, phosphoric oxide added, and the liquids boiled for 
about an hour, when they acquired a deep purple-red colour. After 
distilling off the benzene, the residues were distilled under diminished 
pressure. 

Fraction 195—210° (60 mm.) afforded a liquid which distilled between 
175° and 210° under 60 mm. pressure. It had a bright green colour, 
a cedar-like odour, and was insoluble in 70 per cent. alcohol. 


0°1068 gave 0°3198 CO, and 0°:1000 H,O. C=81:'7; H=10°4 per cent. 
d 15°/15° = 0975; [a]p= -37°. 


Fraction 210—220° (60 mm.) afforded a liquid which distilled chiefly 
between 200° and 220° under 60 mm. pressure. It had an olive-green 
colour, a cedar-like odour, and was insoluble in 70 per cent. alcohol. 


0°1073 gave 0°3300 CO, and 0°1006 H,O. C=83°9; H=10°4 per cent- 
d 15°/15° = 0-985; [a]p= -—35°5° 


Both these liquids, when dissolved in glacial acetic acid and treated with 
a drop of hydrochloric acid, afforded a purplish or redcolour. Although 
the insolubility of these products in alcohol and the increase in the per- 
centage of carbon by the above treatment was evidence of the forma- 
tion of a hydrocarbon, the substances themselves were not sufficiently 
pure to admit of further identification. They were finally dissolved in 
dry ether, the solutions saturated with dry hydrogen chloride, and 
allowed to stand for several days, but from the very dark, oily residues 
no crystallisable hydrochloride could be obtained. 

Although several essential oils are known to afford high boiling 
fractions of a deep blue colour, which have been designated as 
cerulein by Gladstone, and as azulene by Piesse, no properly charac- 
terised compound has as yet been isolated from any one of them. 


Acids obtained by the Hydrolysis of the Oil. 


The strongly alkaline, aqueous liquid, separated from the hydrolysed 
oil and completely extracted with ether, as previously described, was 
evaporated to a, small bulk, then acidified with sulphuric acid and 
distilled with steam. The first portion of the distillate was slightly 
turbid, but it soon became clear. The entire acid liquid was then 
made alkaline with sodium carbonate, and extracted several times 
with ether. After distilling off the ether there remained a small 
amount of a dark coloured, highly aromatic oil. This was insoluble 
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in a cold solution of sodium hydroxide, but dissolved readily on 
warming. The alkaline solution of the substance was shaken with 
ether to remove any impurity, and then acidified with sulphuric acid, 
which liberated the original oil. This was again taken up with ether, 
the ethereal solution washed with a little water, dried, evaporated, 
and the slightly coloured, oily residue finally placed in a vacuous 
desiccator over paraffin to remove the last traces of ether, and then 
analysed. 


0:0463 gave 0°1292 CO, and 0:0403 H,O. C=76:1; H=9°7. 
C,,H,,0, requires C=76°4 ; H=9°l per cent. 


This substance, to which we assign the provisional formula C,,H,,0,, 
is evidently a lactone. Although existing in extremely small amount, 
so that we have not been able to examine it further, its powerful odour 
indicates that it must have considerable influence on the odour of 
the original oil. To itis also possibly due the somewhat clove-like 
odour which was observed in the isolation of the phenol (p. 60). 

After the lactone had been separated from the liquid which 
had been made alkaline with sodium carbonate, this liquid was 
concentrated, strongly acidified with sulphuric acid, and shaken four 
times successively with ether. The ethereal solution was washed 
twice with water, dried, and distilled. On fractionating the residue, 
nearly all distilled between. 110° and 120°. A portion of this was 
converted into the barium salt, and from the latter the silver salt was 
prepared which gave the following figures on analysis : 


0-085 gave on ignition 0°0550 Ag. Ag=64°7. 
C,H,O,Ag requires Ag = 64°7 per cent. 


This served to confirm the presence of acetic acid, the previous invest- 
igation having shown that esters of this acid were present in consider- 
able amount in the oil, 

Acids of Higher Boiling Point.—The residue from the distillation of 
the acetic acid was very small in amount, and was therefore mixed 
with a larger portion of acids obtained by shaking the original oil with 
a solution of sodium carbonate. The whole of the acids of higher boiling 
point, after standing over potash in a vacuous desiccator, was first 
fractionated under 10 mm., and then under the ordinary pressure, 
when the following three fractions were obtained. 

(1) Below 240°; (2) 240—280°; (3) 280—300°. 

The last fraction became solid on standing, and from the residue in 
the flask crystals were separated which, after recrystallisation from hot 
light petroleum, melted at 57—58° ; these consisted apparently of pal- 
mitic acid, which had been extracted by means of caustic alkali from 
the original oil. The first two fractions were redistilled and the follow- 
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ing fractions collected: A, 140—200; B, 200—230°; OC, 230—270°. 
D was fraction (3) from the first distillation (b. p. 280—300°). 

They were yellowish, oily liquids, nearly equal in amount, and were 
present altogether to the extent of about 2 grams in a kilo. of the 
original oil. They were first converted into ammonium salts, and then 
fractionally precipitated by silver nitrate. The various silver salts 
were spread on porous plates, and then dried at 80° for half-an-hour. 
On analysis, they gave the following results: 


A,. Ag=46'1 per cent.; A,. Ag=48-4 per cent, 
B, Ag=45'1 ” B, Ag=47'1 
C,. Ag=36°7 ; C, Ag=39°5 * 
D, Ag=345 ” D, Ag=39-2 ” 
C,H,,0, Agrequires Ag = 48-4, C,,H,,0, Ag requires A g = 35:1 percent. 


” 


It is thus seen that these acids of high boiling point constitute an 
exceedingly complicated mixture, the amounts of silver found corre- 
sponding to those required for salts of acids ranging from C,H,,0, to 
C,,H,,0,, A further separation and identification of them would 
require a very much larger quantity of material than was available for 
the purpose. It may also be noted that from the method by which 
the chief portion of these acids was obtained, it is evident that they 
exist in the oil in a free state, and not in the form of esters. | 


Summary. 


From the results of this investigation, the oil of Asarwm canadense 
is seen to contain the following substances : 

1, A phenol, C,H,,0,, 
Pinene, apparently a mixture of the d- and /-forms, 
d-Linalool, | 
l-Borneol, | 
l-Terpineol, 
Geraniol, 
Eugenol methyl ether, 
A blue oil, of undetermined composition, consisting of oxygen- 
ated substances of alcoholic nature, 

9. A lactone, C,,H,,0,, 

10. Palmitic acid, 

11. Acetic acid, and 

12. A mixture of fatty acids intermediate between acetic and palm- 
itic acids, 

In order to ascertain approximately the amounts of the principal 
constituents, the following determinations were made with the original 
oil : 
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1. The eugenol methyl ether was determined by Zeisel’s method. 
01898 gram of oil gave 0°1846 gram AglI, whence eugenol methyl 
ether = 36°9 per cent. 

2. Theamountofesters, calculated asC,,H,,"C,H,O,, is27'5 per cent. 

3. The total amount of alcohols, C,,H,,0, free and as esters, after 
acetylating the hydrolysed oil, was found to be 34°9 per cent., hence 
the amount of free alcohols is 13°3 per cent. In reality, the amount 
of free alcohols is somewhat larger than this, as it is known that lin: 
alool and terpineol cannot be quantitatively acetylated. 

4. As about 2 per cent. of pinene was found in the oil, the con- 
stituents of high boiling point, blue oil, &e, would amount to’ some- 
what less than 20 per cent. 
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VIII.—Derivatives of Galle Acid. 
By Freperick B. Power and Frank SHEDDEN. 


In a paper entitled : ‘‘ The Chemical Character of so-called Iodotannin 
Compounds” (Pharm. Jowrn., 1901, [iv], 13, 147), the authors have 
recorded the results of an investigation which was undertaken for the 
purpose of ascertaining the character of the compounds prepared by 
the direct action of iodine on tannic acid in the presence of water. 
It was shown that under these conditions no definite compound of 
either tannic or gallic acid with iodine could be formed, and it therefore 
seemed of interest to ascertain whether iodine could be introduced into 
the gallic acid molecule by indirect methods. With this object in view, 
the following method of procedure was adopted. The well-crystallised 
ethyl gallate was converted into its triacetyl derivative, which, on nitra- 
tion, yielded ethyl dinitrodiacetylgallate. This substance, on hydrolysis 
with sulphuric acid, was converted into ethyl dinitrogallate, and from 
the latter, on reduction, ethyl monoaminogallate and ethyl diaminogallate 
were obtained in the form of hydrochlorides. These hydrochlorides 
were then separately diazotised, and the resulting solutions boiled 
with potassium iodide in accordance with the well-known reaction. 
Although many experiments were made, it was not possible to isolate 
any product containing iodine. 

As most of the substances required for the original purpose of this 
investigation represent new derivatives of gallic acid, the method of 
preparation and their characters are here described. 
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Ethyl Dinitrodiacetylgallate, C,(NO,).(C,H,0,),.(OH)*CO,C,H,. 


By the direct acetylation of ethyl gallate, the ethyl triacetylgallate 
was first prepared, which has been described by Schiff (Beilstein’s 
Handbuch, 2, 1922) as a thick yellow oil, which very slowly deposits 
crystals. No difficulty was experienced, however, in obtaining it in 
colourless crystals from either acetic acid or alcohol. It melts at 133°. 
The triacetyl ester was nitrated in the following manner. One 
hundred grams of the triacetyl ester were added to a cold mixture of 
50 c.c. each of nitric acid (sp. gr. 1°42) and sulphuric acid, and 150 
c.c. of glacial acetic acid. The mixture, while being kept cool, was 
allowed to stand for five hours. The product was poured into a 
litre of water, the yellow, crystalline precipitate filtered off, and the 
nitro-compound separated from some unchanged ethyl triacetylgallate 
by treatment with sodium carbonate, in which it readily dissolved. 
The acid filtrate from the above-mentioned yellow precipitate was 
extracted several times with ether and the ethereal liquid shaken 
out with carbonate solution. This was mixed with the main sodium 
carbonate solution obtained as above and the whole acidified with 
hydrochloric acid. The separated yellow oil soon formed a crystal- 
line cake, which was collected and recrystallised from chloroform. 
It formed lemon-yellow needles which melted at 165°. 


0°1466 gave 0°2260 CO, and 0:0486 H,O. C=420; H=3°7. 
01974 ,, 13:3 ¢.c. moist nitrogen at 11° and 744mm. N=7°9. 
C,,H,,0,,N, requires C=41°9; H=3:2; N=7°'5 per cent. 


The substance is strongly acid, dissolving in sodium carbonate with 
effervescence and forming an orange-red solution. It only dissolves 
slowly in absolute alcohol, and the solution gives a bluish-green color- 
ation with ferric chloride. 

The ethyl triacetylgallate was nitrated in another manner with some- 
what different results. One hundred grams of the substance were 
mixed in a flask with 100 c.c. of nitric acid (sp. gr. 1°42), and, after being 
kept cool for five hours, the mixture was worked up in the manner 
already described. By this method, the product consisted of a mixture 
of the dinitro-ester and the dinitrodiacetyl ester. 

An attempt was made to form the sodium salt of ethyl dinitro- 
diacetylgallate by dissolving it in alcohol and adding one atomic pro- 
portion of sodium dissolved in a little aleohol. No precipitate was 
produced, even after a portion of the alcohol had been evaporated off 
in a vacuum. On standing for several days, an odour of ethyl acetate 
was developed, and small, bright red crystals were deposited, which 
consisted of the sodium salt of ethyl dinitrogallate. 


ie 
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Ethyl Dinitrotriacetylgallate, C,(NO,),(C,H,0,),*CO,C,H,. 


This was prepared by the acetylation of the dinitrodiacetyl com- 
pound, in the formation of which one acetyl group had become elim- 
inated during the process of nitration. It was obtained in colourless 
needles, which gradually become yellow, and melt at 145—146°. 


0°1716 gave 0°2704 CO, and 0°0504 H,O. C=430; H=3°3, 
0:2086 ,, 12:4... moist nitrogen at 16° and 768 mm. N=7-0. 
C,;H,,0,.N, requires C=43'°5 ; H=3'4; N=6°8 per cent. 


The substance was insoluble in sodium carbonate. Its cold alcoholic 
solution gave no reaction with ferric chloride, but on boiling, a bluish- 
green colour was produced. 


Ethyl Dinitrogallate, C,(NO,),(OH),*CO,C,H,, 


This was prepared by boiling the dinitrodiacetyl compound with 50 
per cent. sulphuric acid, when it crystallised out on cooling. The 
ethyl radicle was not eliminated by this procedure. 

It was obtained in the form of small, yellow scales, of a somewhat 
deeper colour than the dinitrodiacetyl compound. When placed in 
the melting point apparatus at 80—85° it melted, but after drying at 
a gentle heat it fused at 153°. 


0°8040 air-dried substance lost 0°0486 H,O at 100°. H,O=6-0. 
C',(NO,),(OH),*CO,C,H,,H,O requires H,O = 5-9 per cent. 


It was recrystallised by dissolving the dried substance in absolute 
ether and adding an equal volume of light petroleum. The crystals, 
after drying for a few minutes in a water-oven, softened at 151° and 
melted to a clear liquid at 153—154°. 


0°1432 gave 0:1990 CO, and 0:°0382 H,O. C=379; H=3-0. 
0'1662 ,, 14-4c.c. moist nitrogen at 20° and 759mm. N=9-9. 
C,H,O,N, requires C=37°5 ; H=2°7 ; N=9°7 per cent. 


The substance dissolves readily in absolute alcohol, and the solution 
gives an olive-green colour with ferric chloride. It could not be 
hydrolysed by heating in a sealed tube with hydrochloric acid at 125° 
for six hours. It was also heated in a sealed tube with 50 per cent. 
sulphuric acid at 155° for five hours without altering the melting 
point or other properties. Ethyl gallate, on the other hand, when 
heated in a sealed tube with 30 per cent. sulphuric acid at 150°, is 
completely hydrolysed. On boiling with an excess of alcoholic 
sodium hydroxide, the substance was destroyed. It was treated 
with strong ammonia in the hope of forming the amide, but only 
tarry products were obtained. 
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Reduction of Ethyl Dinitrogallate—The crude nitro-compound was 
reduced by warming with tin and hydrochloric acid. After the reaction 
was over, the liquid was diluted with water and the tin completely 
removed by hydrogen sulphide. The clear liquid was distilled in a 
vacuum, and, when it had become concentrated to a small bulk, 
white, needle-shaped crystals began to separate out. The distillation 
was then stopped and the crystalline precipitate filtered off and 
washed with dilute hydrochloric acid. This substance proved to be 
the hydrochloride of ethyl monoaminogallate. The yield was about 12 
per cent. of the original substance. 

The filtrate and washings were evaporated to complete dryness in 
avacuum. ‘The residue was a crystalline mass, which was purified by 
dissolving it in hot methy] alcohol and diluting the solution with hot 
chloroform. A light brown or nearly white, crystalline powder was 
thus obtained, which consisted of the hydrochloride of ethyl diamino- 
gallate, ‘Lhe yield of the latter was very variable, ranging from about 
10 to 25 per cent. of the original substance. 

The formation of the above monoamino-derivative by reduction was 
at first thought to be due to the presence of a mononitro-ester in the 
material used. This, however, was not the case, inasmuch as a pure 
ethyl dinitrodiacetylgallate afforded the same yield of the monoamino- 
hydrochloride. The conclusion may thus be drawn that the formation 
of the monoamino-derivative is due to some change in the process 
of reduction. 


Hydrochloride of Ethyl Monoaminogallate, 
C,H(NH,)(OH),*CO,C,H,,HCl,H,0. 

This substance has the following characters. It is readily soluble 
in water and the solution remains colourless. Its alcoholic solution 
gives a dark green colour with ferric chloride. It melts at 210° with 
blackening and frothing. When recrystallised by dissolving it in hot 
absolute alcohol and adding chloroform to the solution, it still melted 
at 210°, and was quite white, showing no tendency to change on 
keeping. When dissolved in a little water, it could be precipitated 
by the addition of strong hydrochloric acid, and this reaction, besides 
the other characters of the substance, distinguishes it from the diamino- 
gallate. It may be heated in a water-oven without any change in weight. 

0°1186 gave 0:1760 CO, and 0°0540 H,O. C=405; H=5-05. 

01290 ,, 01908 CO, ,, 0:0586 H,O. C=403; H=5-05. 

0:1724 ,, 88 c.c. moist nitrogen at 24° and 753 mm. N=5°65. 

0°1950 ,, 0°1058 gram AgCl. Cl=13°4. 

05504 at 105° lost 0°0392 H,O. H,O=7'1. 

C,H,,0;N,HC1H,O requires C=404; H=5:2; N=5-2; Cl=13°3; 
H,O = 6°7 per cent. 
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C,H,)-N 
Ethyl Diazogallate, anna 2H) i 


-* 


The ethyl monoaminogallate was dissolved in an excess of dilute 
hydrochloric acid, and to the ice-cold solution a dilute solution of 
sodium nitrite was slowly added until there was a permanent excess. 
The liquid was heated on a water-bath for 20 minutes, and, after 
cooling, the brown crystals were filtered off. 

The product was almost insoluble in cold water, but dissolved in 
boiling water, and on cooling the solution long, orange-yellow needles 
were deposited. The solution was yellow, and gave a deep purplish- 
brown colour with ferric chloride. The substance melted with sudden 
decomposition at 182°. When recrystallised from dilute acetic acid, it 
formed fine, reddish-brown needles melting as before at 182°. 


0 2350 at 100° lost 0:0178 H,O. H,O=7°6. 
C,H,O,N,,H,O requires H,O =7-4 per cent. 
The dried substance was analysed with the following result : 


0°1108 gave 0°1938 CO, and 0°0432 H,O. C=477; H=43. 
00924 ,, 10cc. moist nitrogen at 24° and 769mm, N=12°3, 
C,H,O,N, requires C=48:2; H=3°5; N=12'5 per cent. 


0:1114 gram dissolved in 15°59 grams of pure phenol depressed the 
freezing point by 0°263°. This corresponds toa molecular weight of 
201. Mol. wt. of C,H,O,N, = 224. 

One gram of the substance was heated with three times its weight of 
water in a sealed tube at 220° for four hours, when complete solution was 
effected. The dark brown liquid was filtered from a small amount of 
a black residue, saturated with ammonium sulphate, and extracted 
with ether. The ethe-eal solution, when washed with water, dried 
with sodium acetate, and evaporated, left a yellowish, oily liquid which 
became crystalline. The crystals, after washing with a little light 
petroleum, melted at 139°, and were free from nitrogen. Their 
aqueous solution gave a brown colour with alkalis and a bluish-black 
one with ferric chloride. After recrystallising this from toluene, about 
0:2 gram of the substance was obtained, and it then melted at 140° 
without decomposition. It was dried in a water-oven and then 
analysed : 


01084 gave 0°2174 CO, and 0°0504 H,O. C=54:'7; H=5-2. 
C,H,,0, requires C=54'5 ; H=5-l per cent. 
The substance thus produced was therefore undoubtedly ethyl 


gallate, the nitrogen having been completely eliminated by heating 
the diazogallate with water. 
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On treating the diazo-compound with stannous chloride in cold 
hydrochloric acid, considerable effervescence was produced and it 
became completely dissolved. After removing the tin by hydrogen 
sulphide, the products of the reaction were found to be ammonium 
chloride and ethyl gallate. The production of ethyl gallate from this 
diazo-compound will serve to explain the formation of the monoamino- 
ester by the reduction of ethyl dinitrogallate (p. 76). 


| Hydrochloride of Ethyl Diaminogallate, 
C,(NH,).(O0H),*CO,0,H,;,2HCI. 


This substance, as obtained in the manner already described, forms 
a fine, crystalline powder of a light brown colour. By redissolving it 
in hot absolute alcohol (in which it is somewhat sparingly soluble) 
and adding ethyl acetate it becomes much lighter in colour, but when 
kept shows a tendency to darken. The alcoholic solution rapidly 
assumes a pink hue. It is very easily oxidised. It dissolves readily 
in water, but the solution almost immediately becomes blue, and, on 
standing, blue flakes are deposited. The blue colour is intensified by 
the cautious addition of ferric chloride, but is destroyed by adding an 
excess. If the solution in water be acidified with hydrochloric acid, 
the blue colour changes to pink (compare Ber., 1887, 20, 335 ; 1893, 
26, 2184). Unlike ethyl monoaminogallate, it cannot be precipitated 
from its aqueous solution by hydrochloric acid. It melts with decom- 
position at 197°. After drying in a vacuum, it was analysed. 


0°1318 gave 0°1738 CO, and 0:0570 H,O, C=35:9; H=4°8. 

01330 ,, 0:1746CO, ,, 0:0538 H,O. C=35'7; H=4'5. 

02129 ,, 19°6c.c. moist nitrogen at 23° and 764mm. N=10°4. 

0°1588 ,, by Carius’ method, 0°1520 AgCl. Cl=23-7. 
C,H,,0,N,,2HCl requires C = 35:9; H=4°6; N =9°3; Cl=23°6 per cent. 

In order to ascertain the action of nitrous acid on this diamino-ester, 
6°6 grams of the substance were mixed with an excess of dilute hydro- 
chloric acid. The resulting dark coloured solution was cooled with 
water and a dilute solution of sodium nitrite gradually added, which 
caused considerable effervescence and the evolution of some nitrous 

- fumes. This liquid was extracted with ether, but on distillation the 

latter left only a very slight residue. The remaining liquid was 
heated on a water-bath, when there was considerable effervescence, 
and, after this had ceased, a small portion of the liquid, when boiled 
with potassium hydroxide, evolved ammonia. The remainder was 
extracted with chloroform, then made alkaline with sodium carbonate 
and again extracted with chloroform, but in neither case was any 
definite product obtained. 
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1X.—Thiocarbamide Hydrochloride. 
By Henry P. Srevens, M.A., Ph.D. 


THIOCARBAMIDE hydrochloride is stated by Glutz (Annalen, 1870, 154, 
40) to be obtained from thiocarbamide stannochloride by removal of 
the tin and concentration of the resulting aqueous solution, as a crys- 
talline substance which could be purified by recrystallisation from 
alcohol. It was not analysed, nor was its melting point given, and the 
only evidence brought forward by Glutz to show that it was thiocarb- 
amide hydrochloride is the fact that with platinic chloride it gave a 
double saJt, and with silver nitrate a mixed precipitate of silver chloride 
and the silver compound of thiocarbamide. 

Reynolds (Annalen, 1869, 150, 232) was unable to prepare the hydro- 
chloride, whilst Claus (Annalen, 1875, 179, 131) states that, like 
Reynolds, he had been unable to prepare the hydrochloride directly, 
but had often obtained the pure salt by Glutz’s method, in spite of 
which assertion, however, no analysis is given nor is the salt in any 
way further characterised. It is therefore a matter of doubt whether 
thiocarbamide hydrochloride has hitherto been isolated in a pure state. 

On investigating the question, it was found that identical products 
were obtained by Glutz’s method and by bringing together aqueous 
solutions of thiocarbamide and hydrochloric acid in the calculated pro- 
portion. 

The white, crystalline substance produced on evaporation of the 
solutions on the water-bath is very soluble in alcohol, and when frac- 
tionally recrystallised from this solvent, it yields, in addition to some 
unchanged thiocarbamide, well-formed, prismatic crystals having an ill- 
defined melting point and containing an amount of chlorine too small 
for such a compound as CS(NH,),,HCI. Repeated crystallisation from 
alcohol, instead of purifying the compound, lowered the percentage of 
chlorine without, at the same time, yielding any free thiocarbamide. 

Eventually the hydrochloride was obtained pure by the following 
method. Thiocarbamide was dissolved in more than sufficient of the 
most concentrated, warm, aqueous hydrochloric acid to convert the 
whole into hydrochloride. On allowing the solution to stand, the 
hydrochloride separated out in thick, massive crystals. The mother 
liquor was poured off from the crystals, which were then redissolved 
by gently warming in the smallest possible quantity of hydrochloric 
acid, from which, on standing, the greater part again separated. It is 
difficult to dry the crystals without slight loss of hydrogen chloride ; 
they may, however, be obtained in a pure state by pouring off the mother 
liquor, washing them rapidly with cold alcohol on the filter pump, and 
drying them over calcium chloride. On analysis: 
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I, 01212 gave 0°1546 AgCl. Cl=31°54. 
II. 0:2374 ,, 03017 AgCl. Cl=31°42. 
CH,;N,CIS requires Cl = 31°38 per cent. 

As thiocarbamide in aqueous solution has a neutral reaction with 
respect to litmus, the whole of the chlorine can be accounted for as 
hydrochloric acid by titration with decinormal ammonium hydroxide 
solution. Thus, in analysis II, the substance was titrated, before pre- 
cipitation, with silver nitrate and gave Cl =31°46 per cent. 

The salt, when exposed to air, rapidly effloresces with the loss of some 
hydrogen chloride, of which about one-half can be removed by prolonged 
exposure in a vacuum over strong sulphuric acid and potassium hydr- 
oxide. When heated, it softens gradually and melts below 100°. It 
is extremely soluble in water or alcohol. If silver nitrate be gradually 
added to a solution of the hydrochloride, the precipitate first formed 
redissolves immediately in the excess of the hydrochloride solution, and 
on allowing the clear liquid to stand, fine, needle-shaped crystals separ- 
ate out which melt at 172° and on oxidation with nitric acid yield 
silver chloride. They appear to be identical with the compound 
2C8(NH,),,AgCl (m. p. 170—171°) obtained by Reynolds (Trans., 1892, 
61, 252) by dissolving silver chloride in a hot alcoholic solution of 
thiocarbamide, 

Thiocarbamide forms additive compounds with alkyl iodides and 
bromides on standing in the cold or heating in sealed tubes (Claus, 
Annalen, 1875, 179, 145; Bernthsen and Klinger, Ber., 1878, 11, 
492, &c.); but no statement, however, is to be found with regard to 
its behaviour with the alkyl chlorides. On treating a solution of thio- 
carbamide in alcohol with ethyl chloride, freed from hydrochloric acid 
by bubbling through water with calcium carbonate in suspension, no 
appreciable action took place even on warming the solution. Never- 
theless, it was possible that ethyl chloride, formed in the solution itself 
by the action of hydrochloric acid on the alcohol, might prove more 
reactive, and this was eventually found to be the case. 

An alcoholic solution of thiocarbamide hydrochloride, prepared by 
dissolving thiocarbamide in about ten times its weight of alcohol in 
which the necessary amount of hydrogen chloride had been dissolved, 
was boiled for several days in a reflux apparatus ona water-bath. The 
solution was evaporated down twice with fresh quantities of alcohol to 
remove any slight excess of hydrochloric acid. The product, a thick, 
unpleasant smelling oil, solidified completely on standing and stirring 
with a glassrod. Like thiocarbamide hydrochloride, it was extremely 
soluble in water or alcohol, but insoluble in other solvents provided 
they were dry, and on this account much-difficulty was experienced 
in finding a suitable solvent for its recrystallisation. Eventually the 
product was dissolved by gently warming and shaking in glacial acetic 
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acid, a few drops of water or alcohol being added to promote solution. 
Dry ether, insufficient in amount to cause any permanent precipitation, 
was then added in small quantities at a time to the cold solution, and 
the whole set aside to stand; a crop of crystals formed which was 
filtered off, and the mother liquor treated with more ether. In this 
manner, by a process of fractional crystallisation, the new substance 
was obtained in a state of purity. It is more soluble than thiocarb- 
amide hydrochloride in the mixture of glacial acetic acid and ether, and 
separates when pure from the same solvent in long, slender prisms. 
It melts gradually just below 100°. The aqueous solution of the salt 
is neutral to litmus, but the whole of the chlorine is precipitated as 
silver chloride by silver nitrate in dilute nitric acid solution. Chlorine 
estimations showed that it is an additive product of thiocarbamide and 
ethyl] chloride, or, from another point of view, that it is ethyl-p-thio- 
carbamide hydrochloride. 


0°2097 gave 0'2122 AgCl. Cl= 25-02. 
02183 ,, 0°2227 AgCl. Cl=25-22. 
C,H,N,CIS requires Cl = 25°20 per cent. 


This hydrochloride behaves similarly to the hydriodide obtained by 
direct combination of thiocarbamide and ethyl iodide. 

It follows, therefore, that thiocarbamide hydrochloride cannot be 
recrystallised from alcohol, as it reacts with it to give ethyl--thiocarb- 
amide hydrochloride. 


CHEMICAL LABORATORY, 
St. Taomas’ Hospritat, S.E. 


X.—A Method for Determining Small Quantities of 
Carbonates. 


By Acrrep Danie, Hatt and Epwarp Joun RwvssEL. 


Tue determination of small quantities of carbonates in material like 
soil is attended with many difficulties, owing to the solubility of the 
carbon dioxide in the acid used for decomposing the carbonate. When 
the soil contains 2 per cent. or more of carbonates, calculated as 
calcium carbonate, Scheibler’s apparatus may be used, and the 
empirical correction for solution of the carbon dioxide (Warington, 
Chem. News, 1875, 31, 253) will not introduce a greater experimental 
error than attaches to the natural variation of the sample for analysis. 
But with small proportions of calcium carbonate, 0°5 per cent. and 
VOL. LXXXI. a 
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below, Scheibler’s apparatus becomes unworkable, for all the gas pro- 
duced remains in the reacting acid. Gravimetric methods, where the 
carbon dioxide is either weighed directly or by difference, require very 
refined manipulation when 100 grams-of soil have to be attacked by 
acid and the mixture boiled, &c., to obtain quantities like 0:1 gram of 
carbon dioxide. Working in a vacuum by ordinary gas analysis 
methods, the carbon dioxide can be collected and measured, but there 
are, again, difficulties due to solution which render the process tedious 
and susceptible of error. 

The suggestion has often been made that the soil should be treated 
with a known volume of standard acid, and the amount of calcium 
carbonate present calculated from the acid neutralised. This process, 
however, always gives results which are too high, owing to the 
fact that various humates, silicates, and in some cases ferric oxide, are 
also attacked by the acid without liberating any acid which affects 
the indicator. 

Stutzer and Hartleb (Zeit. angew. Chem., 1899, 12, 448) have pro- 
posed to distil the soil with a solution of ammonium chloride; the 
calcium carbonate present forms ammonium carbonate by double de- 
composition ; this dissociates, and the ammonia is caught by standard 
acid and titrated. This method is open to all the sources of error 
indicated above (compare Schutte, Zeit. angew. Chem., 1899, 14, 854; 
Woy, Chem. Centr., 1899, ii, 847 ; and Immendorff, Zeit. angew. Chem., 
1900, 15, 1177). 

In searching for a more workable process, the authors have devised 
the apparatus described below, by means of which the main source of 
error in determinations of carbon dioxide, its solubility, is eliminated. 
The process is also reasonably rapid and requires no special skill in 
manipulation. 

The apparatus is figured on p. 83. (A) is the reaction bulb, about 
60 c.c. in capacity. It is connected from below with the small funnel 
(B), carrying the stopcock (a). (A) is connected to the rest of the 


apparatus by a cup joint at (b). (C) isa second bulb, rather smaller’ 


than (A) (in the apparatus actually used, its capacity was 42°5 c.c.) ; 
on the tube connecting (C’) to the rest of the apparatus is a stopcock 
(c). The stopcocks and cup joint must be well ground and lubricated 
so as to maintain a vacuum. (J) is a capillary tube 800 mm. long, 
dipping into a small reservoir of mercury and serving as a manometer ; 
a third stopcock (d) is placed between the manometer and the pump. 
The bulbs (A) and (C’) can be enclosed in a water-bath. Before the 
apparatus is fixed on the stand, the capacity of the bulb (C) must be 
ascertained with accuracy ; this may be done by filling the bulb with 
mercury and then weighing the mercury when shaken out and 
collected, 
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Two to 10 grams of the substance in a finely powdered state are 
introduced into (A) and covered with water, the cup joint is wiped, 
well lubricated, and (A) then joined to the rest of the apparatus. The 
cup joint is sealed with a little mercury, a little also being poured into 
the funnel (B), so that the bore of the tap is quite filled. The stop- 
cock (c) is opened, and connection made to a good pump until approxi- 
mately a vacuum is established inside the apparatus. Entire freedom 
from air is not necessary, but when determining very small quantities 
of carbon dioxide (1 to 5 c.c. from 10 grams of soil), the pressure 
should be run down until the manometer indicates little more than the 
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vapour pressure of water within the apparatus. When dealing with 
larger quantities of gas, for example, 10 to 20 c.c., a mercury pump is 
not necessary, it is sufficient to use a good water pump or hand air 
pump that will establish an internal pressure of 50—60 mm. of 
mercury. 

The stopcock (d) is closed, the height of the mercury in (D) and the 
temperature of the water-bath are read ; this reading=R, Stopeock 
(c) is then closed, a well-boiled and cooled mixture of equal volumes of 
sulphuric acid and water is placed in the funnel (2B), and a few c.c. 
introduced into the reacting bulb. Since it enters from below, the 
liquid and soil get well stirred up ; the mixture is left for a few minutes 


G 2 


ee 


HALL AND RUSSELL: A METHOD FOR 


to cool down to the temperature of the bath, then the apparatus is 
shaken to expel the carbon dioxide present in excess in the solution, 
and allowed to stand, with further occasional shaking, until the gauge 
shows a constant reading. 

The gas evolved causes an increase of pressure inside the apparatus, 
and the manometer column is read again=R,. Communication is 
now made with the bulb (C’) by opening the stopcock (c), the gas ex- 
pands again into ((’) and the mercury rises again in (D). A little 
time and shaking cause the gas dissolved in the liquid in (A) to come 
into equilibrium with the gas above at the new pressure; the mano- 
meter column is then read when constant, and = 2, 

Assuming the temperature, ¢, of the water-bath has remained 
constant, and calling d the difference in mm. between FR and R,, 
d’ the difference in mm. between R and R,, and C the volume of 


the bulb (C), then the volume of gas evolved at N.T.P. = aaaie x 
ase The operation amounts to finding an unknown volume of 


gas in (A) by the change in pressure produced when it expands by a 
known volume. The advantage of the method lies in the fact that the 
volume of soil, liquid, &c., which may have been introduced into (A) 
is immaterial, and does not appear in the calculation, and especially 


* The complete proof of the formula given is as follows : 


Let x = the p. v. of the carbon dioxide evolved at the given temperature. 
A = the volume of the apparatus excluding (C) and the liquid in (4). 
C = the volume of (C). 
P = barometer reading. 
@ = tension of aqueous vapour at the given temperature. 
k = the volume of carbon dioxide soluble in the liquid in (A) at unit 

pressure. 

R, R, and R, = the readings as above. 


At starting, the apparatus contains some air = (4+ B)(P-R-a). 
(€) is shut off and x of carbon dioxide evolved. Then: 


a+A(P-R-a) = A(P-R,-a)+k(R- 2) 
— Sere, 


The gas is then allowed to expand into (C’), when 
2+(A+C)\(P-R-a) = (A+C\(P-R,-a)+k(R- R,) 
ee AOE «0 « soll 
E +O+ [2] 

Combining [1] and [2] 

a8 _ - Ots 

R-k, R-2 
O(R - R,)(B- Ry) 

Ry - f, 
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whence x = as above. 
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that the effect of the gas remaining dissolved in the liquid in (A) is 
also eliminated. The liquid is saturated by the gas, so that the gas 
within and without the liquid is in equilibrium. When the volume is 
increased by opening the stopcock to (C), an amount of gas, propor- 
tional to the reduction in pressure, escapes from the liquid. In brief, 
the gas contained in the liquid of (A) obeys the same laws as the gas 
above the liquid, and the liquid becomes practically only a portion of 
the gas-filled space of (A). 

It is necessary to have some solid particles like soil or glass beads 
in (A), otherwise the liquid becomes, and remains, obstinately super- 
saturated with carbon dioxide, nor can the excess be shaken out. This 
tendency to supersaturation forms the chief difficulty in working with 
the apparatus ; the amount of substance taken should be such that 
the pressure of the carbon dioxide liberated does not exceed 100 or 
150 mm., or the time required to obtain equilibrium becomes very 
great, and may even amount to 2 or 3 hours. The lower the pressure, 
or, in other words, the smaller the amount of carbonate present, the 
easier the determination is to carry out; the limit is fixed only by the 
accuracy with which the gauge can be read. 

Appended are a few numbers obtained with the apparatus in the 
case of pure sodium carbonate and Iceland spar, the bulb (A) being 
half filled with glass beads : 


Number. | Substance taken. CO, at N.T.P. (cale.).\CO, at N.T.P. (found). 
xs sinttiie div —|- we eee 
1 0000624 gram Na,CO, | 0°13 c.c. 0°15 c.c. 
2 0:00125 —,, .. | 0-26 ,, | 0°26 ,, 
3 00025 =, 2 0°53 ,, 0°51 ,, 
4 0-005 a ee 1:06 ,, 1°00 ,, 
5 | 0-010 s m4 2°11 ,, 2°00 ,, 
6 0-020 a 4°22 ,, 4°38 ,, 
7 00503 ,, CaCO, 11°26 ,, 11°18 ,, 


The apparatus may be conveniently applied to any reaction involv- 
ing the measurement of a gas evolved from a liquid. 


Sourn EASTERN AGRICULTURAL COLLEGE, 
WYE. 
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XI.—Jnfluence of Substitution on the Formation of 
Diazoamines and Aminoazo-compounds. 


By Gitpert THomas Morgan, D.Sc. 


Tue action of a diazonium salt on an aromatic amine gives rise to a 
diazoamine or an aminoazo-compound, according as the diazonium 
residue R:N,° remains attached to the aminic nitrogen or takes up 
its position in the aromatic nucleus. 

The former mode of combination occurs with the primary mono- 
amines of the benzene series, these bases yielding diazoamines. The 
mono-alkylated monoamines of the benzene series, on the other hand, 
exhibit a tendency to form azo-compounds ; methylaniline, for example, 
when treated with diazobenzenesulphonic acid, yields a mixture of the 
diazoamino-compound, SO,H°C,H,*N,-NMePh, and the isomeric 
aminoazo-acid, SO,H°C,H,°N,°C,H,-NHMe (Bernthsen and Goske, 
Ber., 1887, 20, 925, Bamberger and Wulz, Ber., 1891, 24, 2082). 

A somewhat heterogeneous class of bases including the following 
substances :—diphenylamine, the naphthylamines and their mono-alkyl 
derivatives, m-phenylenediamine and certain of its homologues and 
substitution products, gives rise to aminoazo-compounds without the 
intermediate formation of stable diazoamines. Dimethylaniline and 
a few other tertiary amines also yield aminoazo-derivatives, but 
with these bases the production of diazoamines is obviously impossible. 

There is some reason for believing that the difference between 
the behaviour of aniline and that of m-phenylenediamine towards 
diazonium salts is due to the greater reactivity of the disubstituted 
ring, so that substituent radicles find their way more readily into the 
aromatic nucleus of the diamine than into that of the monoamine. 
The introduction of chlorine and bromine by the action of hypo- 
chlorous and hypobromous acids respectively is a case in point; the 
latter halogen enters the nucleus of the diamine so easily that 
m-phenylenediacetyldibromoamine, C,H,(NBrAc),, could not be 
isolated (Morgan, Trans., 1900, ‘77, 1209; Chattaway and Orton, 
Ber., 1901, 34, 160), whereas phenylacetylbromoamine, Ph-NBrAc, is a 
comparatively stable substance (Chattaway and Orton, Trans., 1899, 
75, 1046 ; 1900, 77, 800). 

Reasoning by analogy, it seems probable that the initial phase of 
the interaction between m-phenylenediamine and a diazonium salt 
involves the formation of an unstable diazoamine, this substance 
immediately changing into the isomeric aminoazo-derivative. This 
assumption is, however, not supported at present by any direct experi- 
mental evidence. With the view of gaining additional information as 
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to the course of this reaction, the formation of azo-derivatives of the 
homologues and substitution products of m-phenylenediamine has been 
studied. 2:4-Tolylenediamine has long been known to be as reactive 
towards diazo-compounds as m-phenylenediamine itself, and more re- 
cently this was also shown to be true of |-chloro-2 : 4-phenylenediamine 
and its bromine analogue. These bases readily yield azo-compounds, 
which, except for some slight differences in shade of colour, closely 
resemble those derived from the parent base. The hydrochlorides of 
chloro- and bromo-chrysoidines, for example, are obtained in crystals 
very similar in shape and colour to those of the ordinary chrysoidine 
of commerce. 

The disubstituted mdiamines may be divided into two series with 
reference to their behaviour towards diazonium salts. The first series 
consists of the bases having the general formula 


Y 


whilst the second comprises all those disubstituted m-diamines which 
contain one free para-ortho-position with respect to the amino-groups. 
The bases of the second series can be grouped together, because, pro- 
viding this condition is fulfilled, the nature and position of the two 
substituent radicles exercise very little influence either on the course 
of the reaction or on the colour of the resulting azo-compound. An 
amine of this series may possess any one of the following formule : 


x yY Y Y 
ae, 
ie ci ee 
Nu, Xx” NH, Xx” Nu, 
i. IJI. IV. 


Diamines corresponding with formule II and III have been investi- 
gated and the results compared with those obtained in the case of 
their isomerides belonging to series I. 

The first diamines to be examined from this standpoint were the 
two diamino-m-xylenes described by Grevingk (Ber., 1884, 17, 2426), 
these bases having the following constitutions : 


Me | Me NH, 
NHAC Me NH, Me 
me: - = ee 


The former is produced by the reduction of 2: 6-dinitro-m-xylene, 
the chief product of the nitration of m-xylene; whilst the latter is 


88 MORGAN: INFLUENCE OF SUBSTITUTION ON THE 


obtained from 2 : 4-dinitro-m-xylene, this nitro-compound being a bye- 
product in the same operation. 

Grevingk (loc. cit.) states that both these bases, when treated with 
benzenediazonium chloride, give colouring matters of the chrysoidine 
type, but he does not seem to have isolated any definite products. Witt, 
however, after an unsuccessful attempt to prepare an azo-compound by 
the action of diazobenzenesulphonic acid on the symmetrical base, main- 
tains that this diamine does not yield chrysoidine derivatives (Ber., 
1888, 21, 2419). 

As a matter of fact, the two isomerides behave very differently 
towards diazonium compounds, The consecutive base reacts just like 
2 : 4-tolylenediamine, readily yielding a red azo-compound when treated 
with benzenediazonium chloride in the presence of sodium acetate ; 
the symmetrical diamine, on the other hand, gives rise to a volumin- 
ous, brownish-yellow precipitate, iwhich froths considerably, evolving 
nitrogen, and finally becomes resinous, even hile in contact with the 
ice-cold mother liquor. This unpromising result was experienced with 
other symmetrically disubstituted m-diamines and seemed to confirm 
Witt’s conclusion. 

These failures could not, however, be accepted as conclusive evidence 
that the diamines of the type indicated by formula I cannot yield 
azo-compounds, inasmuch as the firm of Oehler & Co. has patented 
the production of colouring matters derived from 2 : 4-tolylenediamine- 
5-sulphonic acid (D.R.-P. 40905), 


a substance having a constitution similar to that of the bases 
in question. Accordingly, further experiments were made with 
different diazo-compounds, until, finally, it was found that these 
bases would combine with primulin dyed and diazotised on the 
cotton fibre. Under these conditions, the symmetrically disubstituted 
diamines yielded azo-colouring matters possessing a yellowish-brown 
colour, and differing altogether from the reddish-brown compounds 
produced by similar means from the diamines belonging to the second 
series. These results show unmistakably that the relative position of 
the azo- and amino-groups is the most important factor in determining 
the shade of colour produced. 

With the experience gained in these experiments on diazotised 
primulin, another attempt was made to prepare azo-compounds 
from 4:6-diamino-m-xylene and the simpler diazonium salts. The 
product of reaction was allowed to remain in the ice-cold solution for 
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one or two hours and the tarry precipitate then washed, dried, and 
carefully extracted with alcohol or benzene. In this way, a small 
yield of aminoazo-compound was produced and the reaction was shown 
to occur both with benzene- and p-toluene-diazonium salts. 

The investigation was now extended to the symmetrical base, 
5-chloro-2 : 4-tolylenediamine, simultaneously described by Reverdin 
and Crépieux (Ber., 1900, 33, 2507) and by Morgan (Trans., 1900, ‘77, 
1209), and also to its isomeride, 2-chloro-3 : 5-tolylenediamine, prepared 
by Nietzki and Rebe (Ber., 1892, 25, 3005). The latter compound 
contains one free para-ortho-position with respect to the amino-groups 
and might be expected to resemble 2: 4-tolylenediamine and 2: 4- 
diamino-m-xylene in its behaviour towards diazonium salts. This 
anticipation was completely confirmed ; the interaction resulted in the 
immediate formation of an azo-compound, the yield being practically 
quantitative. | 

The symmetrical isomeride behaved like the similarly constituted 
4: 6-diamino-m-xylene ; a brownish-yellow, voluminous precipitate 
was again produced, which evolved nitrogen and speedily became 
resinous. In this case, also, an azo-compound was extracted from the 
tarry product, but the yield was even poorer than that obtained in the 
experiment with the xylene base. 

Since 4 : 6-dichloro-m-phenylenediamine (Trans., 1900, ‘77, 1206) 
combines with diazotised primulin, an attempt was made to condense 
it with benzenediazonium chloride and its p-toluene homologue. In 
these experiments, there was a considerable amount of frothing 
and formation of resinous product, but the precipitate, on extraction, 
yielded a large amount of unaltered base and did not furnish any azo- 
compound. Although this result does not establish beyond doubt the 
fact that an azo-derivative is not produced, yet, in conjunction with the 
evidence obtained from the preceding experiments, it seems to indicate 
that, with these symmetrically disubstituted m-diamines, the tendency 
to form an azo-compound diminishes as the acidity of the molecule 
increases. This increase in acidic character results from the gradual 
replacement of methyl by chlorine, the pairs of substituent radicles in 
the three diamines being respectively 2Me, ClMe, and 2Cl. 

The brownish-yellow precipitates, which evolve nitrogen and become 
tarry, are probably unstable diazoamines. This conjecture receives 
additional support from the fact that under comparable conditions 
diaminomesitylene yields a similar, readily decomposable product, 
and in this instance the unstable substance cannot possibly be an azo- 
derivative. Meldola has also noticed the formation of a labile inter- 
mediate diazoamino-compound in the preparation of p-nitrobenzene- 
5-azo-4-m-xylidine (Trans., 1883, 43, 428). 

The aminoazo-bases derived from 4: 6-diamino-m-xylene and 5-chloro- 
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2 : 4-tolylenediamine contain the azo-groups in the position contiguous 
to the two amino-radicles, their constitution being indicated by the 


general formula 
Y NH, 


< NR. 
Xx Nu, 


The azo-compound derived from 2: 4-diamino-m-xylene has the 
constitution 


since the position ocoupied by the azo-group is the only reactive 
position available in the original diamine. 

In the case of 2-chloro-3 : 5-tolylenediamine, the azo-group may enter 
the ring in either the di-ortho-position or in one of the two para-ortho- 
positions with respect to the amino-radicles. The ease with which the 
azo-compound is produced in almost theoretical yield renders it in the 
highest degree probable that the entrant radicle takes up the para-ortho- 
position forming a colour base having the following configuration, 


Moreover, the azo-compound produced on the cotton fibre from this 
diamine and diazotised primulin has the reddish-brown colour charac- 
teristic of the colouring matters having this constitution. 


The naphthylamines and their derivatives containing hetero- 
nucleal substituents belong to the class of amines yielding azo- 
compounds without the intermediate formation of stable diazoamines, 
and are thus distinguished from aniline and its homologues, the only 
exception on record being #-naphthylamine-8-sulphonic acid, which, 
unlike its isomerides, gives a stable diazoamino-compound with 
benzenediazonium chloride (Witt, Ber., 1888, 21, 3483). 

A similar difference has been noticed in the behaviour of the two 
series of amines towards formaldehyde, B-naphthylamine yielding 
derivatives containing the methylene carbon atom attached to the aro- 
matic nuclei (Trans., 1898, '73, 536), whereas aniline and its homo- 
logues give rise to intermediate compounds of the methyleneaniline 
and methylenedianiline types, containing methylene united with the 
nitrogen of one or two amino-groups, The investigation of these 
methylene compounds (Morgan, Trans., 1900, 77, 814) also showed 
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that the presence of a substituent radicle in the a-position contiguous 
to the amino-radicle of B-naphthylamine prevented the transference of 
methylene into the ring. 

Inasmuch as in their reactions with aromatic amines, formaldehyde 
and diazonium salts attack similar positions in the basic molecule 
it might be expected that a B-naphthylamine derivative substituted 
in the manner indicated would yield a diazoamine but not an azo- 
compound. 

One compound of this type, namely, 2-diazoamino-1-chloro-4-bromo- 
naphthalene, has already been obtained by Meldola and Streatfeild 
(Trans., 1895, 67, 911) by the action of nitrous acid on 1-chloro-4- 
bromo-8-naphthylamine. If the production of this diazoamine is deter- 
mined by the presence of the chlorine atom in the a-position conti- 
guous to the amino-radicle, then it should be possible to obtain similar 
compounds from 1-chloro-8-naphthylamine. The experimental results 
amply confirmed this assumption. The action of nitrous acid (1 mol.) 
on this amine (2 mols.) gave rise to 2-diazoamino-1-chloronaphthalene, 


Cl Ol 
aa Aa 


W/ ae 


a well defined diazoamine resembling the compound described by 


Meldola and Streatfeild. 

Mixed diazomines also were produced by the interaction of various 
diazonium salts and 1l-chloro-8-naphthylamine. p-Nitrobenzene-2- 
diazoamino-1-chloronaphthalene, prepared by the action of p-nitro- 
benzenediazonium chloride on this base, was also produced by the con- 
densation of 1-chloro-2-naphthalenediazonium chloride on p-nitroaniline ; 
this result indicates that Kekulé’s rule relating to the formation of 
mixed diazoamines is applicable to those containing both naphthalene 
and benzene nuclei. 

These diazoamines do not show any tendency to change into amino- 
azo-compounds containing the azo-group attached to the naphthalene 
nucleus. Here also, as in the case of the methylene derivatives, the 
directing influence of the amino-radicle in B-naphthylamine seems to 
be exerted only in one direction, and accordingly the substituent 
radicles readily shift into the contiguous a-position, but do not replace 
the hydrogen attached to the adjacent B-carbon atom. 
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EXPERIMENTAL, 
Action of Diazonium Salis on the w-Diamino-m-xylenes. 


Preparation of the Diamines.—m-Xylene is nitrated in quantities of 
250 grams by slowly adding a well-cooled mixture of concentrated 
nitric and sulphuric acids (2°3 parts HNO, of sp. gr. 1°52 to 2 parts 
H,SO,) to the hydrocarbon surrounded by ice and salt. When the 
hydrocarbon is added to the acid, a considerable amount of trinitro- 
xylene is formed at the commencement of the operation. The mixture, 
after remaining for several hours at the ordinary temperature, is 
warmed for two hours at 40—50° and then poured on to ice. The 
crude, viscid nitro-compounds are drained from oily products and the 
solid residue is crystallised from alcohol, the last operation being 
repeated two or three times. The crystals obtained in this manner 
consist of 4 : 6-dinitro-m-xylene melting at 91—92° (Grevingk, Joc. cit., 
gives m. p. 93°). The alcoholic mother liquors, when united and 
allowed to evaporate spontaneously, deposit an oily substance which is 
withdrawn as soon as the separation of crystalline product commences. 
This second crop of solid nitro-compound is crystallised repeatedly 
from alcohol, and the final product consists, very largely, of 2 : 4-dinitro- 
m-xylene, crystallising in rosettes of hard, well-defined, flattened 
needles which melt somewhat indefinitely at 58—61°. Grevingk 
gives 80° as the melting point of the pure compound. As repeated 
crystallisation does not raise the melting point, the substance is reduced 
without further purification. The alcoholic mother liquors obtained 
by working up 1250 grams of m-xylene yield about 120 grams of the 
partially purified nitro-compound. The final mother liquors furnish a 
further quantity of oily nitro-compound. These oily products, obtained 
at various stages of the operation, when united and reduced give rise to 
impure 4 : 6-diamino-m-xylene. 

The diamines are obtained by reducing the respective dinitro- 
xylenes with iron, 100 grams of the nitro-compound being treated 
with 130 grams of iron filings, 800 c.c. of water, and 12 c.c. of con- 
centrated hydrochloric acid. The whole of the water is not added at 
the commencement of the operation, but about 300 c.c. are introduced 
gradually during the reduction in order to moderate the reaction, which 
sometimes becomes very violent. The product, rendered alkaline with 
8 grams of sodium hydrogen carbonate, is filtered from iron oxide ; 
the filtrate acidified with acetic acid is treated with excess of acetic 
anhydride (about 60 grams). The precipitated diacetyl derivative is 
collected after 12 hours; the filtrate, when concentrated and treated 
with a further quantity of the anhydride, yields a second crop of 
diacetyldiaminoxylene. After crystallisation from glacial acetic acid, 
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the diacetyl compound is hydrolysed with concentrated hydrochloric 
acid and the resulting diaminoxylene hydrochloride crystallised from 
water and then decomposed with the calculated amount of concentrated 
potassium hydroxide solution. 

The 4: 6-diamino-m-xylene separates in the solid form and is finally 
purified by crystallisation from water; it then melts at 104°, the 
melting point being identical with that given by Grevingk. The 
isomeric 2 : 4-diamino-m-xylene separates as an oil ; this, after separa- 
tion from the potassium chloride solution by means of ether, is dis- 
tilled under diminished pressure. After three distillations, a viscid 
oil is obtained boiling at 170—174° under 13 mm. pressure ; this sub- 
stance, when cooled to — 10°, gradually solidifies to a mass of crystals 
melting indefinitely at about 17°. The yield from 1250 grams of 
xylene is about 25 grams, 

These bases have been characterised by means of their acyl deriva- 
tives, as these latter are well defined substances easily prepared by 
the ordinary processes. 

Diformyl-4 : 6-diamino-m-xylene crystallises from water in colour- 
less, slender, flattened, silky needles and melts at 182—183°. 


0'2122 gave 27'1 c.c. moist nitrogen at 18°and 758mm. N=14°71. 
C,,H,,0,N, requires N = 14°58 per cent. 


The diacetyl derivative is very sparingly soluble in alcohol, but 
dissolves more readily in glacial acetic acid ; it crystallises in lustrous, 
silky needles and melts above 260°. 

The dibenzoyl derivative, C,H,Me,(NH-CO-C,H,)., erystallises from 
alcohol or ethyl acetate in small, lustrous plates and melts at 
252—253°. 


0°1570 gave 11°5 c.c. moist nitrogen at 18° and 758mm. N=8-43. 
C,,H,,0,N, requires N = 8-13 per cent. 


Diformyl-2 : 4-diamino-m-xylene crystallises from water, alcohol, or 
ethyl acetate in rosettes of colourless needles and melts at 219—220°. 


01148 gave 14°4 c.c. moist nitrogen at 19° and 759 mm. N = 14-29. 
C,,H,,0,N, requires N = 14°58 per cent. 


The diacetyl derivative is sparingly soluble in alcohol and crys- 
tallises from glacial acetic acid in colourless, felted needles; it melts 
above 260°. 

The dibenzoyl derivative crystallises from alcohol in felted needles 
and melts at 232°. 


01458 gave 10°8 c.c. moist nitrogen at 18° and 759mm. N=8°56, 
C,,H,,0,N, requires N = 8°13 per cent. 
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Action of Benzenediazonium Chloride on 2: 4-Diamino-m-xylene. 
—A solution of benzenediazonium chloride, prepared from 5°4 grams 
of aniline hydrochloride, is added to a dilute ice-cold solution of 5 
grams of the diamine acidified with 3 c.c. of concentrated hydrochloric 
acid, The solution remains clear until excess of crystallised sodium 
acetate (10 grams) is added and then a gelatinous red precipitate is 
produced which after remaining for a few hours is collected. The 
substance is purified by crystallisation from methyl alcohol. 

Benzene-5-azo0-2 : 4-diamino-m-aylene crystallises in yellowish-brown 
needles and melts at 208—209°. 


0:0308 gave 6:2 c.c. moist nitrogen at 18° and 769 mm. N= 23°54. 
C,,H,,N, requires N = 23°33 per cent. 


The azo-compound is distinctly basic and dissolves in dilute hydro- 
chloric acid ; the hydrochloride, however, is amorphous and separates 
in masses of red filaments. The platinichloride is a brick-red, amor- 
phous, insoluble salt. 

Benzene-5-azo-2 : 4-diacetyldiamino-m-axylene, 

C,H,°N,°C,HMe,(NH-CO-CH,),, 
prepared by warming the crude azo-base for a few minutes with a 
mixture of glacial acetic acid and acetic anhydride, crystallises from 
alcohol in orange plates melting above 260°. 


01952 gave 28°8 c.c. moist nitrogen at 19°and 769mm. N=17'16. 
C,,H.,0,N, requires N =17-28 per cent. 


A comparative experiment made with 2: 4-tolylenediamine shows 
that the two bases behave in a precisely similar manner towards 
diazonium salts. 

Benzene-5-azo-2 : 4-tolylenediamine (compare Stebbins, Ber., 1880, 
13, 717) crystallises in orange-brown needles or leaflets and melts at 
161°. 

Benzene-5-azo-2 : 4-diacetyltolylenediamine, 

C,H,*N.*C,H,Me(NH-CO-CH,),, 
erystallises in flattened, orange prisms and melts at 216—217°. 


0°1756 gave 27:4 c.c. moist nitrogen at 20°and 769mm. N=18-06. 
C,,H,,0,N, requires N = 18-06 per cent. 


Action of Diazonium Salts on 4 : 6-Diamino-m-xylene.—The same 
proportions of diamine and benzenediazonium chloride are employed 
as in the preceding experiment. On adding the sodium acetate to 
the clear solution containing the other reagents, a bulky, brownish- 
yellow precipitate is formed which rapidly darkens and becomes 
resinous. After 2 hours, the product is collected, washed, dried, and 
extracted with alcohol. From this extract, benzene-5-azo-4 : 6-diamino-m- 


FORMATION OF DIAZOAMINES AND AMINOAZO-COMPOUNDS. 95 


xylene, CsH,*N,°C;HMe,(NH,),, separates in deep red, rhombic plates 
which after two crystallisations melt at 182—183°. The compound 
is not decomposed on long boiling with alcoholic hydrochloric acid. 
It develops a deep orange coloration with concentrated sulphuric acid, 
and readily yields acyl derivatives by the ordinary processes. 


0-0832 gave 0:2140 CO, and 0:0503 H,O. C=70'14; H=6°70. 
0:1030 ,, 20°3 c.c. moist nitrogen at 18° and 767 mm. N = 22°98. 
C,,H,,N, requires C=70°0; H=6°66 ; N=23-30 per cent. 


The diacetyl derivative, C;H,*N,°C;HMe,(NH:°CO-CH,),, obtained 
from the preceding base by the action of acetic anhydride, crystallises 
from alcohol in brownish-red needles and melts above 260°. 


0°1390 gave 20°8 c.c. moist nitrogen at 18° and 759 mm. N=17°10. 
C,,H,,0,N, requires N = 17°28 per cent. 


p-Toluene-5-azo-4 : 6-diamino-m-xylene, C,H,Me*N,-C,HMe,(NH,),, 
obtained by substituting an equivalent amount of p-toluidine for the 
aniline employed in the preparation of the preceding azo-diamine, 
crystallises from alcohol or benzene in deep red, rhombic plates and 
melts at 165—166°. It closely resembles its homologue in chemical 
and physical properties. 


01817 gave 34:5 ¢.c. moist nitrogen at 21° and 754 mm. N = 21°43. 
C,,H,,.N, requires N = 22-04 per cent. 


Action of Diazonium Salts on 5-Chloro-2 : 4-tolylenediamine and 
2-Chloro-3 : 5-tolylenediamine. 


5-Chloro-2 : 4-tolylenediamine can be readily obtained in large quan- 
tities by the author’s method (Trans , 1900, '77, 1209), and it has been 
further characterised by the preparation of a series of its diacyl 
derivatives. 

Diformyl-5-chloro-2 : 4-tolylenediamine, C,H,MeCl(NH*CHO),, _ pre- 
pared by heating the base for 3 hours with 2—3 parts of concentrated 
formic acid, is obtained as a dark brown precipitate on treating the 
product with dilute ammonia ; it is purified by three crystallisations 
from water in the presence of animal charcoal, and finally separates 
from this solvent in colourless, silky needles melting at 166°. 


0°1218 gave 0:2370 CO, and 0:0520 H,O. C=51'72; H=4°74. 
02076 ,, 24c.c. moist nitrogen at 18° and 768 mm. N=13°49. 
01318 ,, 00869 AgCl. Cl=16°31. 

C,H,ON,Cl requiresC = 50°82; H = 4:23; N=13:18; Cl= 16-70 per cent. 


The diacetyl derivative melts above 260°, and not at 240° as pre- 
viously indicated ; it is obtained free from the monoacetyl compound 
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by heating the base with excess of acetic anhydride, and crystallising 
the product from glacial acetic acid; it is sparingly soluble in methyl, 
ethyl, or amyl alcohol, separating from any of these solvents as a 
microcrystalline powder ; it crystallises from pyridine or acetic acid in 
small prisms. 


0°1405 gave 0°0842 AgCl. Cl=14°83. 
C,)H,,ON,Cl requires Cl= 14°76 per cent. 


The dibenzoyl derivative, prepared by the Schotten-Baumann method, 


erystallises from alcohol in colourless, acicular lamelle and melts 
at 205°. 


0:2209 gave 0:0890 AgCl. Cl=9-96. 
01576 ,, 105 c.c. moist nitrogen at 19° and 761 mm. N=7-70. 
C,,H,,ON,Cl requires Cl= 9°74; N=7°68 per cent. 


Benzene-3-az0-5-chloro-2 : 4-tolylenediamine, C,H,*N,* C,HC1Me(NH,),. 
—The brownish-yellow precipitate produced by adding an excess of 
sodium acetate to a dilute hydrochloric acid solution containing equi- 
valent quantities of benzenediazonium chloride and 5-chloro-2 : 4-tolyl- 
enediamine, is allowed to remain in contact with the mother liquor for 
2 hours and then collected, dried, and extracted with alcohol. The 
filtered extract slowly deposits a crop of dark brown crystals con- 
taminated with tar; the crude benzene-3-az0-5-chloro-2 : 4-tolylenedi- 
amine is repeatedly crystallised from alcohol and finally obtained in 
dark brownish-red plates melting at 147°. The compound is not de- 
composed by prolonged boiling with alcoholic hydrochloric acid and 
develops a deep yellowish-brown coloration with concentrated sulphuric 
acid; it readily yields acyl derivatives when treated with the appro- 
priate reagents. 

The dibenzoyl derivative, C;,H,*N,*C,HMeCl(NH:CO-C,H;),, pro- 
duced by the Schotten-Baumann method, crystallises from alcohol in 
transparent, brownish-yellow plates and melts at 236—237°. 


0°1692 gave 17°3 c.c. moist nitrogen at 19° and 765 mm. N=11°83. 
C,,H,,0,N,Cl requires N = 11°95 per cent. 


The acetyl derivative crystallises from alcohol in brownish-red, 
flattened prisms, and melts at 225°. 

p-Tolwene-3-az0-5-chloro-2 : 4-tolylenediamine, 

C,H,Me-N,°C,HClMe(NH,),. 

—This azo-compound closely resembles its lower homologue and is pre- 
pared in a precisely similar manner. In this case also there a considerable 
evolution of nitrogen accompanied by the formation of much tarry 
product, and the yield of crystalline base is small. The substance 
erystallises from alcohol in dark brown plates and melts at 152°. 


‘ 
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0°1196 gave 0°0600 AgCl. Cl=12°41. 
01971 ,, 35°2 cc. moist nitrogen at 21° and 754 mm. N=20°16. 
C,,H,,N,Cl requires Cl= 12°93 ; N = 20-00 per cent. 


A dilute hydrochloric acid solution of 4: 6-dichloro-m-phenylene- 
diamine and benzenediazonium chloride, when treated with sodium 
acetate, yields a yellow precipitate, which, when crystallised from 
alcohol, separates in brown leaflets melting at 137°. The product 
contains from 37 to 39°6 per cent. of chlorine and seems to consist 
chiefly of unchanged diamine ; this base melts at 137° and contains 
40°11 per cent. of chlorine, whereas the percentage of this element in 
the required azo-compound would be 25:26. A negative result was also 
obtained with p-toluenediazonium chloride ; in this experiment, 14°7 
grams of the diamine were employed, and 8°7 grams of the unchanged 
base were recovered after recrystallisation, the other products of 
reaction being tarry and indefinite. 

On the other hand, the dichlorodiamine combines with diazotised 
primulin, for a piece of cotton cloth impregnated with this diazo- 
compound and placed in an aqueous solution of the base gradually 
acquires a brownish-orange colour, similar in shade to the azo-colouring 
matters produced under these conditions from 5-chloro-2 : 4-tolylene- 
diamine and 4 : 6-diamino-m-xylene. 

Benzene-6-az0-2-chloro-3 : 5-tolylenediamine.—2-Chloro-3 : 5-tolylenedi- 
amine (Ber., 1892, 25, 3005), isreadily obtained from 3 : 5-dinitro-2-chloro- 
toluene, the nitration product of o-chlorotoluene, by the iron-filings 
method of reduction. The iron oxide is freed from the diamine by 
washing with alcohol; the alcoholic and aqueous extracts are mixed 
together, acidified with acetic acid, and treated with excess of acetic 
anhydride. The acetyl derivative, crystallised from glacial acetic acid, 
is hydrolysed with hydrochloric acid, and the free base purified by 
crystallisation from water, in which solvent it is more soluble than its 
symmetrical isomeride ; it separates in long needles melting at 74°. 

The azo-compound, prepared in the ordinary way, separates im- 
mediately as a flocculent, yellow precipitate on the addition of sodium 
acetate to the hydrochloric acid solution of its generators ; it crystallises 
from a mixture of benzene and petroleum in tufts of long, orange-red, 
acicular prisms, these crystals being sometimes more than an inch in 
length. The substance melts at 134°, yields a deep brownish-red 
coloration with concentrated sulphuric acid, and is not decomposed by 
prolonged boiling with alcoholic hydrochloric acid. 


0°1448 gave 26:2 c.c. moist nitrogen at 18° and 766mm. N-=21-00. 
01643 ,, 0:0928 AgCl. Cl=13°97. 

C,,H,,N,Cl requires Cl= 13°62 ; N = 21°49 per cent. 
VOL, LXXXI. H 
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Benzene-6-az0-2-chloro-3 : 5-diacetyltolylenediamine, 
C,H,:N,*C;HMeCl(NH°CO:CH,),, 
produced by gently heating the azo-base with acetic anhydride, is readily 
soluble in acetic acid or benzene, but dissolves only sparingly in alcohol 
or ethyl acetate; it crystallises in silky, orange needles and melts 
at 251°. 


0°1074 gave 14°6 c.c. moist nitrogen at 17°and 762 mm. N=15-68. 
01631 ,, 00663 AgCl. Cl=10-06. 
C,,H,,0,N,Cl requires Cl= 10°30 ; N=16-25 per cent. 


The dibenzoyl derivative obtained by the Schotten-Baumann method 
cerystallises from benzene in orange needles and melts at 233°. 


0°1162 gave 11°7 c.c. moist nitrogen at 18° and 758 mm. N=11°69. 
00717 ,, 00213 AgCl Cl=7:35. 
Cy,H,,0,N,Cl requires Cl= 7°58 ; N=11°95 per cent. 


Action of Diazonium Salts on 1-Chloro-B-naphthylamine. 


2-Diazoamino-1-chloronaphthalene, C,yH,Cl-N,*NH°C,,H,Cl, separates 
as a light yellow precipitate on adding excess of sodium acetate to the 
mixture formed by slowly dropping a glacial acetic acid solution of 
1-chloro-8-naphthylamine (1 mol.) into a hydrochloric acid solution of 
1-chloro-2-naphthalenediazonium chloride (1 mol.) ; it crystallises from 
benzene or chloroform in golden-yellow needles and melts at 152°. 
The diazoamine may also be produced by adding sodium nitrite (1 
mol). to an ice-cold alcoholic solution of 1-chloro-£-naphthylamine 
(2 mols.) acidified with hydrochloric acid, the precipitation of the 
compound being completed by the addition of a saturated aqueous 
solution of sodium acetate. The product obtained in this way is, 
however, often contaminated with an amorphous, red substance, which 
is not readily removed in the subsequent crystallisations. 


0°1711 gave 17'1 ¢.c. moist nitrogen at 215° and 769 mm. N=11°49. 
02358 ,, 0°1817 AgCl. Cl=19°19. 
C.9H,,N,Cl, requires Cl= 19°39 ; N=11°47 per cent. 


Although insoluble in alcohol, it readily dissolves in alcoholic 
potassium hydroxide, yielding a deep orange-coloured solution, this 
result pointing to the existence of a potassium derivative. The com- 
pound is remarkably sensitive to light, and after a few weeks’ exposure 
its crystals, although retaining their shape, acquire a dark chocolate 
colour ; it is decomposed on warming with hydrochloric acid, evolving 
nitrogen and yielding 1-chloro-B-naphthylamine and resinous pro- 
ducts. 
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p- NVitrobenzene-2-diazoamino-1-chloronaphthalene, 
NO,°C,H,’N,"NH°C,,H,Cl, 
is obtained by adding a hydrochloric acid solution of p-nitrodiazonium 
chloride (prepared from 3 grams of p-nitroaniline) to a cooled alcoholic 
solution of 1-chloro-8-naphthylamine (4 grams), the precipitation of 
the diazoamine being completed by the addition of sodium acetate. It 
may also be prepared by mixing together solutions containing equivalent 
quantities of 1-chloro-2-naphthalenediazonium chloride and p-nitro- 
aniline. The diazoamine produced by either of these processes is 
obtained as a voluminous, yellow precipitate ; it is almost insoluble in 
alcohol and only sparingly soluble in benzene, separating from the 
latter solvent in brownish-yellow leaflets melting and decomposing at 
197—198°. 


0°1342 gave 19°8 c.c. moist nitrogen at 21° and 759 mm. N=17°08. 
071614 ,, 0°0692 AgCl. Cl=10°65. 
C,,H,,0,N,Cl requires Cl = 10°87 ; N= 17°15 per cent. 


The diazoamine is fairly soluble in hot chloroform, but when boiled for 
some time with this solvent it partly decomposes. It is acidic in 
character and its potassium derivative, produced by dissolving the 
compound in an alcoholic solution of potassium hydroxide, yields a 
a deep purple solution. 

Ethyl Derivative of p-Nitrobenzene-2-diazoamino-1-chloronaphthalene, 
NO,°C,H,'N,"NEt-°C,,H,Cl.— An alcoholic solution of the potassium 
derivative of the preceding diazoamine is boiled with a slight excess of 
ethyl iodide until the deep purple coloration of the mixture changes to 
orange. The crystalline product obtained on cooling the alcoholic 
solution is purified by crystallisation from benzene, and separates 
from this solvent in hard, orange-yellow, prismatic crystals melting at 
193—194°. This compound does not develop a purple coloration with 
alcoholic potassium hydroxide and on analysis gives numbers corre- 
sponding with those required for an ethyl derivative of the mixed 
diazoamine. 


02382 gave 32:1 c.c. moist nitrogen at 19° and 769 mm. N=15°68. 
0°1452 ,, 0°0584 AgCl. Cl=9°96. 
C,,H,,0,N,Cl requires Cl= 10°01 ; N=15-80 per cent. 


A diazoamine resembling the preceding ethyl compound, but melting 
at 182—183°,is produced by adding a solution of 1-chloro-2-naphthalene- 
diazonium chloride to an alcoholic solution of ethyl-p-nitroaniline. The 
study of these alkyl derivatives of naphthalenoid diazoamines is, 
however, still incomplete owing to the difficulty experienced in 
alkylating 1-chloro-B-naphthylamine and its analogues. 

H 2 
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XI1.—Cyanohydroxypyridine Derivatives from Diaceto- 
nitrile. New Derivatives of w-Lutidostyril. 


By James Morr, M.A., B.Sc., 1851 Exhibition Scholar of Aberdeen 
University. 


DIACETONITRILE was first prepared in 1889 by R. Holtzwart, in E. von 
Meyer’s laboratory, by the action of sodium on acetonitrile in the 
presence of a diluent such as ether, which serves to keep the tempera- 
ture below that required to form the termolecular polymeride cyan- 
methine (J. pr. Chem., 1889, 39, [ii], 329). 
While attempting to make the latter compound for another purpose, 
I found that even if acetonitrile alone be used, diacetonitrile is almost 
the sole organic product (instead of cyanmethine) if the sodium be 
present in excess. During these experiments, in attempting to crystal- 
lise the diacetonitrile from hot water, I noticed that ammonia was 
evolved during the digestion of the solution on the water-bath, and 
that subsequently a different substance crystallised from the liquid. 
The formation of this substance, which is sparingly soluble in all 
the ordinary solvents and beautifully ‘crystalline, had already been 
observed by Holtzwart, who made an extensive study of diacetonitrile. 
Although he analysed the compound and assigned to it the formula 
C,H,ON,, unfortunately he did not succeed in elucidating its constitu- 
tion. The mechanism of the process by which it arises is, however, 
not difficult to imagine, if it be remembered that, as Holtzwart has 
shown, diacetonitrile has the constitution CH,*C(NH,):CH°ON, and 
that it is eusily converted by hydrolysis into the isodynamic form of 
cyanacetone, CH,*C(OH):CH:CN. If two molecules of the latter 
compound lose one of water, a compound of the formula C,H,ON, will 
be produced. This formula is that of an anhydride of cyanacetone ; 
CH,°C:CH:CN 
Holtzwart therefore proposed to write the formula >0O ‘ 
CH,°C:CH:CN 


von Meyer subsequently suggested the alternative formula 


CH,’ C-CH," CN 
NO-C-CO-CH, 


| 
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My experiments have led me to conclude that such formule afford 
no adequate explanation of the extreme stability and inactivity of 
the substance, and they seem to me to justify the conclusion that the 
compound is in reality 3-cyano-p-lutidostyril : 


or, more probably, a polymeride of that substance formed by a process 
analogous to that by which benzonitrile is converted into cyanphenine. 
Attempts to determine the molecular weight were frustrated by the 
insolubility of the substance. 

In preparing diacetonitrile and the compound under discussion, the 
methods described by Holtzwart and by von Meyer were in the main 
followed. As diluents of the acetonitrile, dry ether, benzene, and 
toluene were tried without much benefit. In all cases, the yield of 
diacetonitrile leaves much to be desired. The best results are 
obtained as follows. Forty grams of acetonitrile (distilled over phos- 
phoric oxide or solid potash) having been covered with a layer of dry 
light petroleum (to exclude air), 10 grams of sodium in thickish 
slices are introduced gradually through the condenser. The action 
is very violent until the surface of the metal becomes coated ; 
finally, the flask is heated during four hours on the water-bath. 
The mixture, having been transferred to a Buchner funnel, is thoroughly 
stirred, to separate the product from the sodium, which can then be 
mechanically removed. The solid—a mixture of sodium diacetonitrile 


' with sodium cyanide—is mixed with just enough water to dissolve it ; 


diacetonitrile separates as an oil and may be completely recovered by 
extracting withtbenzene and then evaporating off the solvent. 

To prepare Holtzwart’s compound, the benzene extracts are digested 
with about 20 parts of water: as the benzene evaporates, ammonia 
is given off and the liquid becomes brown ; eventually it deposits 
needles of the condensation compound. The mother liquor, on digestion 
with water, yields a further quantity together with a red gum. The 
product is obtained practically pure by one crystallisation from glacial 
acetic acid. The loss caused by the formation of bye-products in this 
double condensation is so great that the yield of the final product is 
seldom over 8 per cent. of the acetonitrile used. 

The substance so obtained agrees on the whole with Holtzwart’s 
description, forming bundles of small, short needles ; it has an intensely 
bitter taste. It is equally soluble in boiling water and alcohol 
to the extent of about 1 per cent. ; it is more soluble in boiling 
glacial acetic acid, but in boiling benzene only to the extent of 1 
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part in 600. It crystallises out easily on cooling these solutions. I 
have to add the correction that the purified substance melts 
sharply at 293° (305° corr.), although it darkens somewhat above 280°. 
It can be sublimed without much loss ‘at a higher temperature. 
Holtzwart states that his compound melted “oberhalb 230° ””—a 
serious underestimate, as I have never observed a lower melting point 
than 260°, even in the case of the crude preparation. Holtzwart’s 
formula was confirmed by the following analysis : 


0°1513 gave 0°35 96 CO, and 0:0752 H,O. C=64°82 ; H=5'52. 
0:0855 ,, 13°7 cc. moist nitrogen at 13°5° and 750 mm. N = 18°63. 
C,H,ON, requires C= 64°79 ; H=5°45 ; N=18°95 per cent. 


Despite the presence of two nitrogen atoms, the compound is not 
basic and may be crystallised from aqueous acids ; it does not combine 
with platinic chloride. 

It is easily soluble in alkali hydroxides, metallic derivatives being 
formed ; these can be isolated by adding excess of alkali, and crystallise 
well from a mixture of absolute alcohol and ether, although very soluble 
in spirit or acetone. The potassium derivative forms long, lustrous 
needles ; the sodium derivative, short, opaque needles. That they are 
phenolic in character is shown by the fact that the addition of carbon 
dioxide or of ammonium salts to their solutions causes a precipitate 
of the original substance. Attempts were made to analyse these, but 
the results were vitiated by the rapid absorption of carbon dioxide 
during the drying; the figures are too low in consequence. 


0:2472 potassium derivative gave 0'1100 K,SO,. K=19-97. 
C,H,ON,K requires K = 21:01 per cent. 
0°4923 sodium derivative gave 0°1804 Na,SO,. Na=11°88. 
01329 __—séé~“, - dried in a vacuum, gave 19°7 c.c, moist 
nitrogen at 13° and 746 mm. N=17°2. 
C,H,ON,Na requires N= 16°47 ; Na=13'54 per cent. 


Holtzwart’s compound is a substance of unusual stability, and is not 
affected by 

(1) Prolonged boiling with a 10 per cent. aqueous or alcoholic solu- 
tion of sodium hydroxide. 

(2) Prolonged boiling with methyl iodide and sodium hydroxide. 

(3) Prolonged heating at 120° with 70 per cent. sulphuric acid. 

(4) Heating at 80° with fuming sulphuric acid. 

(5) Prolonged boiling with acetic anhydride. 

It had previously been shown by workers in von Meyer’s laboratory 
that it is not affected by acetyl chloride, hydroxylamine, nitrous 
acid, &c. It gives no coloration with nitrososulphuric acid. It is only 
slightly attacked by boiling dilute nitric acid and by permanganate, 
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and although it at once reduces a solution of chromium trioxide in 
acetic acid, nothing definite can be isolated. It is also scarcely affected by 
boiling its solution in absolute alcohol with a large excess of sodium. 

The first clue to the nature of the substance was obtained by heating 
it with zinc dust ; a distillate smelling like pyridine was obtained, but 
in too small a quantity for investigation. 

The only attempt to hydrolyse the compound which has succeeded 
was performed by heating it with concentrated hydrobromie acid 
(d 1°47) in a sealed tube during 6 hours at 170°. A large yield of a 
substance was obtained, which proved to be y-lutidostyril, or 2 : 4-di- 
methyl-6-hydroxypyridine, a substance first described by Hantzsch 
(Ber., 1884, 1'7, 2904), derivatives of which have frequently been ob- 
tained by the interaction of ethyl acetoacetate or its derivatives and 
ammonia (Gazzetta, 1886, 16, 449 ; Annalen, 1890, 259, 169 ; Trans., 
1895, 67, 220; 1897, '71, 299, d&e.). 

It will be seen that the formula of y-lutidostyril, C,H,ON, may be 
derived from that of the original substance, C,H,ON,, by displacing CN 
by H, and that the latter may be regarded as a cyano-y-lutidostyril. 
This was confirmed by the detection of carbon dioxide and ammonia 
as bye-products of the interaction, which may be expressed as follows: 
C;HN(CH,),(OH):CN + 2H,0+HBr = C,;H,N(CH,),-OH + NH,Br+ 
CO,. The slightly charred contents of the tube were extracted with 
water, filtered, and concentrated on the water-bath until the excess of 
acid was removed. On redissolving in a little water and adding soda 
until neutral, ammonia was freely evolved and the solution nearly 
solidified owing to the separation of a mass of long needles. These 
were filtered off and were found to be free from sodium and to melt at 
171—173°. When heated in a test-tube, this product sublimed un- 
changed, the sublimate melting at 176°, and after recrystallisation at 
177—178° (179—180° corr.). It boiled at 303° (uncorr.). On adding 
excess of sodium hydroxide to its concentrated solution, a sodium 
derivative crystallised out in thin, lustrous plates. The substance is 
therefore Hantzsch’s y-lutidostyril. 

This was further established by directly comparing the product with 
a specimen made by Collie’s method (Trans., 1897, '71, 299). On 
bromination, it gave a product agreeing with Kerp’s 3 :5-dibromo-y- 
lutidostyril, but melting and decomposing at 253° (corr.) (Kerp 
gives 235°). 

0°1058 gave 0°1405 AgBr. Br=56°49. 

C,H,ONBr, requires Br = 56°89 per cent. 


CH, 
This substance is therefore Br’ \pr. 
cH,| _ joH 
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On nitrating the y-lutidostyril, two compounds were obtained, one of 
which was Collie’s 5-nitro-derivative melting at 254° (corr.) ; the other 
which crystallised in rosettes of short needles melting constantly at 196° 
(corr.), also gave numbers on analysis agreeing with those required for a 
mononitro-compound, and was apparently a mixture of Collie’s 5-nitro- 
compound with the 3-nitro-compound (m. p. 260° corr.), which I 
have obtained in a different way (see p. 116). The sodium derivative of 
the product melting at 196° (corr.) was made, washed with ether, and 
analysed : 


00650 gave 00234 Na,SO,. Na=11°68. 
C,H,0,N,Na requires Na= 12°12 per cent. 


The free substance is therefore a nitro-y -lutidostyril. 

In the preliminary note (Proc.,:1901, 1'7, 235), I described this 
incorrectly as 3-nitro-y-lutidostyril itself. Both compounds give, on 
reduction, the colour-reactions characteristic of 5-amino-y-lutidostyril 
(Collie, Trans., 1898, '73, 232). 

If Holtzwart’s compound be regarded as a cyano-y-lutidostyril, 
it must be represented by one or other of the two following formule: 


CH, CH, 
woe (A) or af SON (8) 
cH! oH cH, oH 

/ N’ 


and, curiously enough, its formation from 2 mols. of ‘“isocyan- 
acetone’ can be explained on either supposition, according as it is 
assumed that either methyl or hydroxyl wanders in the process. The 
following scheme will make this clear : 


CH, ne 
CH,°C N:C _—> CH. i —>- 
re) . i \w7 
O 
H H 
OH, CH, 
Yorn Orn 
NC-C 7 \coH or NC-C di CH 
1 . HI, " . - . 
CH, W/E OH HO W/O CH,. 
(A). (B.) 


The compound represented by the formula (B) is already known, 
and has been prepared in a manner which leaves no doubt as to its 
constitution, namely, by condensing acetylacetone, ammonia, and 
cyanacetic ester (that is, acetylacetonamine and cyanacetamide), 
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SAIS. OH, . 
OS 3 
| + P om ae NO-G7 \ou 
[ eons HO-Cy _/0-CH,. 
\NH'H “NH, y/o 


(Guareschi, Atti R. Accad. Torino, 1892, 28, 330; 1898, 34, 27 ; Chem. 
Centr., 1893, ii, 648 ; 1899, i, 289). 

As Guareschi’s compound was stated to melt at 288—289°, whilst 
mine melted at 293° (uncorr.), I found it necessary to prepare the 
former substance for comparison with my product. The two com- 
pounds exhibited a remarkably close resemblance, both physically and 
chemically, and careful comparison was necessary to determine that 
the two were in reality different ; indeed, it is only in their derivatives 
that the difference is at all decided. Guareschi’s compound forms 
longer and more lustrous needles than mine, although possessing similar 
sparing solubility in the usual solvents and the same alkaloidal bitter 
taste. The melting point given in the literature is a corrected one ; 
hence the difference between the isomerides in this respect is twelve or 
thirteen degrees instead of four. [I found Guareschi’s compound to 
melt at 291° (corr.), whilst Holtzwart’s melts at 395° (corr.). A 
mixture of the two melts between 270° and 275°, but if this mixture 
be recrystallised, the product is quite different in appearance from 
either constituent, consisting of long, hair-like needles, which melt 
at 235—242°.] The only other physical property in which the crystals 
differ is their action on polarised light—Holtzwart’s compound (m. p. 
305°) causing a uniform extinction at about 50° to the axis, whilst 
the crystals of Guareschi’s isomeride (m. p. 291°) frequently produce 
no effect, and when an extinction is observed it is confined to half the 
breadth of the needles and is nearly parallel to their axis. 

Chemically, too, Guareschi’s compound resembles mine (1) in being 
non-basic ; (2) in affording metallic derivatives (which are, however, 
less soluble than those of my compound) ; (3) in giving y-lutidostyril, 
carbon dioxide, and ammonia when hydrolysed by fuming hydrobromic 
acid, the cyanogen group being directly displaced by hydrogen just as in 
the case of the isomeride (p. 103) ; (4) in resisting the action of sodium 
hydroxide, sulphuric acid, methy! iodide, &c. 

This complete analogy between the two compounds leaves no doubt 
that both are cyano--lutidostyrils, and as Holtzwart’s compound is 
different from Guareschi’s—which is 5-cyano~p-lutidostyril [formula 
(B)]—it can only have the constitution represented by formula (A), 

CH, 


a , . NC 
that is, it is 3-cyano-p-lutidostyril, CH | OH ; 
8\nN7 
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Such a compound should yield only mono-derivatives; this was 
actually found to be the case. 

Bromination of Holtzwart’s Compound.—A nearly saturated solution 
of the substance in glacial acetic acid was mixed at 40° with a similar 
solution of an amount of bromine just in excess of one molecular 
proportion. Action soon set in, crystals separating from the solution. 
The liquid was diluted to separate the part remaining in solution and 
the product was digested first with a warm dilute solution of potass- 
ium carbonate and then with a cold very dilute solution of sodium 
hydroxide. The slight residue insoluble in alkalis was recrystallised 
from boiling glacial acetic acid, from which it separated in minute 
prisms, nearly insoluble in other solvents, melting at about 270° (280° 
corr.), but decomposing. This substance contained 33-0 per cent. of 
bromine. The amount obtained was very small and insufficient to 
determine its nature. 

On precipitating the alkaline solutions with acid, substances were 
obtained which ultimately proved to be identical. The major product 
was that extracted by sodium hydroxide; this was purified by dis- 
solving it in the least possible quantity of a solution of sodium hydr- 
oxide and concentrating the liquid to the point of crystallisation. 
Long, white needles of a sodium derivative were thus obtained, easily 
soluble in water, and having a soapy feel. Before analysing this 
substance, it was recrystallised. 


0:2291 gave 0°1760 AgBr. Br=32°69. 
C,H,ON,BrNa requires Br = 32-08 per cent. 


To separate the parent substance, the solution was precipitated with 
acid ; the precipitate was well washed with boiling water, dried, and 
analysed, as it could not be recrystallised. It consisted of minute, 
white needles, which melted at 313° (327° corr.), but underwent 
decomposition. 


01929 gave 0°160 AgBr. Br=35°3. 
C,H,ON,Br requires Br = 35°21 per cent. 


The amount of bromine found in the portion extracted by alkali 
carbonate was 35°79 per cent. 

There can be no doubt that the substance produced was the 
CH, 


ie. aes 

o-bromo-compound, | 17» isomeric with the p-bromo-compound 
CH. Jou 

(m. p. 261°) obtained by Guareschi. 


Nitration of oltzwart’s Compound.—This may be effected either with 
fuming nitric acid and with a mixture of this acid with strong sul- 
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phuric acid. No change occurs below 50°, and at a higher temperature 
the action tends to be violent. To complete the nitration, the solution 
was warmed on the water-bath during a few minutes, cooled, diluted 
with ice, and then supersaturated with sodium hydroxide. On stand- 
ing, @ sparingly soluble sodium derivative of the nitro-compound crys- 
tallised out im orange rosettes. On recrystallisation, these formed 
long, yellow, lustrous needles, sparingly soluble in water, and quite 
distinct, therefore, from the salt of Collie’s 5-nitro-y-lutidostyril- 
carboxylic acid (Trans., 1898, '78, 234). 


0°2591 gave 0:0865 Na,SO,. Na=10°80. 
C,H,O,N,Na requires Na = 10°71 per cent. 
The colour is doubtless due to isomerisation to the quinonoid nitroate 
CH, 
NC/ 


CH, \;N0-0Na, of which the white, nearly insoluble, free 


he J 
CH, 


4 \ 
substance is the y-acid, that is, cH Jor ; 
N 


On acidifying the solution of the salt, the nitro-compound was pre- 
cipitated as a nearly white mass of needles, which melted at about 
240°, but decomposed. After several recrystallisations from boiling 
water, it was obtained in long, opaque prisms which melted at 253° 
(260° corr.). 

Asthe product resembled Collie’s nitro-acid, 1 determined nitrogen 
in it; although the nature of the substance prevented slow combus- 
tion, the result shows that the cyanogen group is intact. 


0°1985 gave 37-2 c.c. moist nitrogen at 85° and 753 mm. N=22°59. 
C,H,O,N, requires N = 21°80 per cent. 


The potassium salt of this substance closely resembles the sodium 
salt, whereas the ammonium salt is deeper in shade, forming reddish- 
brown prisms melting at 251° (corr.). 

A further quantity of the nitro-compound was obtained by evapor- 
ating the alkaline liquid, then acidifying, and extracting with alcohol. 
No other product could be isolated. 

An attempt to remove the cyanogen group with fuming hydro- 
bromic acid led only to the destruction of the substance. 

Nitration of Guareschi’s Compound, C;H,ON,.—This was carried out 
as in the preceding experiment. The nitro-compound separates on 
diluting the acid in pale green, lance-shaped crystals, These melt at 
261—263° and dissolve in a solution of potassium carbonate, forming 
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an intensely yellow liquid, which, however, on evaporation, gives a 
white solid. To remove traces of a coloured impurity, the solid was 
washed with a little water ; the white potassium salt was then redis- 
solved and the nitro-compound precipitated from the orange-yellow solu- 
tion by acid. After recrystallisation, it formed spear-like, oblique plates 
melting at 263—264° (272° corr.). The sodium and ammonium salts 
were also white in the solid state, but gave yellow solutions. 

The colour phenomena manifested by the two isomeric nitro-deriva- 
tives are obviously analogous to those given by o- and p-nitrophenol 
respectively, to which they correspond in the relative arrangement of 
the nitro- and hydroxy-groups. 

On hydrolysing the nitro-compound by warming it with fuming 
sulphuric acid at 100°, diluting, and boiling with a nitrite (Bouveault’s 
process), a new compound was obtained giving salts which were orange 
in the solid state. The free substance melts at 282° (corr.). Its 
ammonium salt dissociates on drying. 

The best direct evidence of the position of the cyanogen group in 
Holtzwart’s compound is afforded by the behaviour of the amino- 
compound formed on reducing its nitro-derivative. A solution of this 
substance gave very characteristic colour reactions, namely, (a) a cherry- 
red colour on aérial oxidation in presence of ammonia; (b) with ferric 
chloride, a green colour, darkening to an intense indigo shade (very 
sensitive). Precisely similar changes were observed by Collie to take 
place in the case of his 5-amino-y-lutidostyril and its carboxy-acid 
(Trans., 1898, '73, 232). There can therefore be little doubt that 
Holtzwart’s compound is, as previously argued, the nitrile of Collie’s 
acid. 

To complete the series of reduction products, the nitro-derivative of 


CH 
Guareschi’s compound—presumably NOs ON a boiled with zinc 
3 
N 


and acid as before. The solution gave merely a dull brown shade 
with ferric chloride, and on adding ammonia an intense blue fluor- 
escence was developed, but no colour appeared in the liquid. 

Much time was unsuccessfully devoted to attempts to establish a 
direct connection between Holtzwart’s compound and Collie’s y-lutido- 
styril-3-carboxylic acid. The ester of this acid is obtained by condens- 
ing ethyl B-aminocrotonate under special conditions, an interaction in 
every way analogous to mine (Trans., 1897, '71, 299) ; I am greatly 
indebted to Dr. Collie for a specimen of this ester with which he 
provided me when, at first, I had some difficulty in preparing it. 

Attempts were made both to hydrolyse Holtzwart’s compound to 
Collie’s acid, and also to transform the latter into the former. Although 
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neither series gave positive results, the experiments are of interest as 
exemplifying the stability of this class of compound. In the first 
instance, a solution of the substance, in 80 per cent. alcohol, was 
boiled during fifteen hours with potassium hydroxide in large excess. 
The alcohol was then boiled off and a solution of ammonium carbonate 
added ; a copious crystallisation of the unchanged substance took 
place. It was to be expected that if any carboxylic salt were formed 
it would remain in solution ; but on acidifying the filtrate only a faint 
turbidity was produced, and, as the expected acid (Trans., 1897, 71, 
304) is practically insoluble in water, it may safely be asserted that no 
hydrolysis whatever had occurred. This peculiar procedure was neces- 
sitated by the fact that both the expected acid and its nitrile have the 
same melting point and general properties. 

In addition to the methods already mentioned, heating with soda 
under pressure and also fusion with potash were tried; both pro- 
cesses, however, destroy Holtzwart’s compound completely, although it 
is attacked only at a high temperature. Again, the action of warm 
fuming sulphuric acid (which hydrolyses Guareschi’s isomeride) was 
tried in vain, the substance being either unattacked, or sulphonated 
to a minute extent. 

The inverse experiments are of greater interest, as throwing light on 
the probable cause of the resistance to hydrolysis of the nitrile group 
in Holtzwart’s compound ; for the same inertness is shown, in a lower 
degree, by the carbethoxyl group in Collie’s ester (m. p. 137°), and 
this is doubtless the cause of the failure of my efforts to synthesise 
the corresponding nitrile. In the first experiment, the ester was heated 
with excess of strong ammonia during five hours at 155—160° ; prac- 
tically no action occurred, the only new product being a very small quan- 
tity of the ammonium salt of Collie’sacid. This is very soluble in water. 
No trace of an amide was observed. Similarly, the ester was quite 
unaffected when heated with excess of zinc-chloride-ammonia. This 
agent also did not act on the corresponding ethyl 6-chlorolutidinecarb- 
oxylate obtained by Collie by the action of phosphorus pentachloride 
on his ester (Trans., 1898, '73, 589). 

In the remaining experiments, I started with the acid (melting at 
300° corr.). In preparing it, time can be saved by fusing the ester 
with potash ; quite a high temperature is necessary, but the yield of 
acid is good, as it completely precipitated on acidifying the solution of 
the product. The dry ammonium salt of the acid was first heated with 
excess of phosphoric oxide at 300°, but on extraction with water, no 
trace of Holtzwart’s compound was left. On heating the ammonium 
salt alone, it decomposed smoothly at its melting point (about 270°) 
into y-lutidostyril, carbon dioxide, and ammonia, In a final experiment, 
the acid was heated with 2 mols. of phosphorus pentachloride, and after 
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removing the oxychloride the residue was heated with excess of solid 
ammonium carbonate. On working up the product, a small quantity 
of sparingly soluble needles was separated ; these, however, contained 
chlorine and were not investigated. 

These experiments exemplify the “ protective influence” of the two 
o-methyl groups on every group which becomes imprisoned between 
them in the ring. Several cases in which this kind of protection is 

Br 


observed in benzene compounds, for example, (Yon , have been 
Br 


CH, 


investigated by Sudborough and others. The cyanoxylene, / Non 
CH, 


(Noyes, Amer. Chem. J., 1898, 20, 792), is a particularly close analogue 
of Holtzwart’s compound. 

There remain to be mentioned two points in which my experience 
has differed from Holtzwart’s ; the first has reference to the bye- 
products formed in preparing the substance C,H,ON, from diaceto- 
nitrile, and the second to the action of phosphorus pentachloride on 
this compound. By treating the distillate obtained in preparing his 
compound with phenylhydrazine acetate, Holtzwart claims to have 
obtained cyanacetonephenylhydrazone. I was unable to confirm this 
observation, but as the liquid in the flask gives the hydrazone copiously, 
it is possible that in Holtzwart’s case some of this liquid may have 
come over mechanically with the ammonia. In any case, the litera- 
ture on cyanacetone is in a state of confusion, there being no less than 
four claimants for the name. Of these, (1) that described by Glutz 
(J. pr. Chem., 1870, [ii], 1, 141) seems to be crude y-lutidostyril ; 
(2) Bender’s sparingly soluble, beautifully crystalline compound, may 
be Holtzwart’s C,H,ON, (Ber., 1871, 4, 518), whilst the oils and syrups 
obtained by Matthews and Hodgkinson (Ber., 1882, 15, 2679), and by 
James (Annalen, 1885, 231, 245), seem to be polymerides of the true 
cyanacetone of Holtzwart, a substance which, however, seems to have 
but a momentary existence. 

As to the action of phosphorus pentachloride on Holtzwart’s com- 
pound, the author states (loc. cit., 329) that the product is gummy, 
but that he isolated from it a substance melting at 175° and giving 
figures agreeing with those required for the formula C,H,N, [which 
Beilstein enters wrongly as C,H,N, (Handbuch, 3, 1455)]. 

In an experiment with a pure preparation of the substance, I found 
it very difficult to cause any action to take place, but finally obtained 
a small quantity of glistening needles melting at 165—166°, but con- 
taining chlorine not removable by alkalis. This substance is probably 
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the corresponding 2-chlorolutidine derivative, NC 


C,H,N,Cl, but the quantity obtained did not permit of an analysis 
being made, I tried to synthesise it by the Sandmeyer method from the 
corresponding amino-compound (see next part), but only obtained 
Holtzwart’s compound instead ; such abnormalities in the behaviour of 
2-aminopyridines have been frequently observed. 

It is evident from Holtzwart’s description of this experiment that 
he must have used a crude material, and I think that his compound 
C,H,N, owes its formation to some impurity. I found, for example, 
that on boiling the crude compound with acetic anhydride, a small 
quantity of a new compound crystallising in plates melting at 155° was 
obtainable, whereas the pure substance gave no trace of this product. 


II. The non-existence of von Meyer's “ Isomeric C;H,ON,.” 


By acting on diacetonitrile in ethereal solution with acetyl chloride 
and then adding water, Holtzwart obtained a base of the formula 
C,H,N,, melting at 222° (J. pr. Chem., 1889, [ii], 39, 236). The 
same compound was obtained by several other workers in von 
Meyer’s laboratory by acting on diacetonitrile with a variety of 
reagents, such as ethyl chlorocarbonate, ethylene dibromide, alcoholic 
hydrogen chloride, é&c., all of which act merely by removing ammonia 
from two mols. of diacetonitrile and inducing condensation; thus, 
2C,H,N, =C,H,N, + NH. 

I have found that the best yield of this compound is obtained by 
simply heating diacetonitrile with zinc-chloride-ammonia until the 
mass solidifies ; on dissolving in acid and supersaturating with soda, 
the new compound is precipitated and may be filtered off. 

By acting on this substance with nitrous acid, von Meyer obtained 
a product of the formula C,H,ON,, which may evidently be regarded 
as the corresponding hydroxy-compound; thus, C,H,N,-NH,+ 
HNO, =0,H,N,-OH+N,+H,O (J. pr. Chem., 1895, [ii], 52, 89). 
This compound is described by von Meyer as melting at about 260°, 
and he pronounced it to be different from the compound of the same 
formula made by Holtzwart in his laboratory in 1889, the evidence 
for this statement being the apparent difference in their melting 
points and certain differences in solubility. 

I have repeated this work, and find that the two compounds are in 
reality identical. The solution ‘of the compound O,H,N, in dilute 
sulphuric acid was treated with a slight excess of nitrite and digested 
for some time at 30—40°, as it diazotises with some difficulty. On 
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boiling the solution, nitrogen was evolved; the compound O,H,ON,, 
being non-basic, crystallised out on cooling, and after one crystallisa- 
tion from water, melted at 278—-282° ; on recrystallising, the melting 
point was raised to 291—292°, and under the microscope the crystals 
were indistinguishable from those of Holtzwart’s compound. The 
melting point was not depressed by mixing the two. 

To confirm this result, the product was nitrated by the method 
described on page 107, and gave the golden needles of the sodium 
‘salt’ of 5-nitro-3-cyano-y-lutidostyril there described. On reduction 
with zinc dust and sulphuric acid, the two colour reactions with 
ammonia and with ferric chloride were obtained. In all these 
particulars, von Meyer’s product agrees with Holtzwart’s compound 
and no doubt can remain as to their identity. It is curious that yon 
Meyer, having both substances at his disposal, should have been led to 
consider them different ; yet it is evident, judging from their melting 
points, that his specimens must have been very impure, and hence 
misleading data as to solubility, &c., were given by them. 

Von Meyer’s “isomeric C,H,ON,” (Beilstein, Handbuch, 4, 1151) 
is thus 3-cyano--lutidostyril, and as it is obtained by the diazo-reaction 
from the compound C,H,N,, the latter must be 3-cyano-6-amino-2 : 4-lut- 
idine and its formation by the direct condensation of diacetonitrile 
may be expressed as follows: 


cH, oe 
No-gH HAE A 
CH,-C + CH — NOC CH 
SNH, Nic OHO 70M, 


3-Cyano-2 : 4-dimethyl-6-aminopyridine, 
C,H,N; (m. p. 222°). 

From these data, probable constitutions can be assigned to the 
obscure compounds obtained by von Meyer’s students from diaceto- 
nitrile with various agents. Thus, the compound ©,H,,ON, (m. p. 
145°), from cyanamide, which on boiling loses carbon dioxide and 


CH, 


ammonia, leaving Holtzwart’s C,H,ON,, must be ay INH-CO-NH 
ee 2 


and one of the compounds O,H,,N,, from hydrazine, must be 


owe: 
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III. y-Lutidostyril-5-carboxylic Acid and some of its Derivatives. 


As already mentioned, every attempt to hydrolyse Holtzwart’s 
C,H,ON, (3-cyano-/-lutidostyril) to the corresponding acid has failed.. 
On the other hand, I have succeeded in obtaining from Guareschi’s 
isomeride (5-cyano-y-lutidostyril) the corresponding amide and acid. 

I may, however, first describe a number of experiments instituted to 
ascertain the mechanism of Guareschi’s interaction, which is character- 
ised by the ease with which it takes place without a condensing agent. 
The interacting substances are ethyl cyanacetate;and #-diketones, in 
the presence of a primary amine, and the reaction has been realised by 
its discoverer in a large number of cases (Atti R. Accad. Torino, 1893, 
28, 330, 836 ; 1898, 34, 24; see also 1900, 36, 645). Of these, the 
simplest is that leading to the compound C,H,ON, (m. p. 289° 
corr.) from acetylacetone, ethyl cyanacetate,* and ammonia; but 
since the first two substances are both acted on by ammonia, forming 
respectively acetylacetonamine, CH,*C(NH,):CH-CO-CH,, and cyan- 
acetamide, NC-CH,°CO-NH,, these must be considered the true inter- 
acting compounds. I found, in fact, that when the ammonia acts 
beforehand on only one of the substances, the condensation does not 
occur ; that is, mixtures respectively of acetylacetone with cyanacet- 
amide, or of acetylacetonamine with ethyl cyanacetate, do not con- 
dense; whereas, if acetylacetonamine and cyanacetamide are pre- 
viously prepared free from ammonia, then the condensation occurs on 
mixing their aqueous solutions and gently warming. 

Now there are two possible explanations of this interaction, 


CH,CO H,'C-CN CH,C:O0 H,N 
28 ft % 
CH + CO or CH + C-OH, 
it oa VA ascii i 
CH,°C:NH, HiNH CH,°C:iNH, HO-CN 


of which only the former is a ‘“‘ methylene condensation.” To decide 
between them, the experiment of heating acetylacetonamine with cyan- 
acetmethylamide was performed. The sole product was the N-methyl- 
derivative of Guareschi’s compound, C,H,ON,, and it appear sto me that 
its formation is not explicable by the second of the two schemes, as in 
this case there is no amino-group free from which water can be formed 
with the adjacent carboxyl group. This condensation, therefore, occurs 
as follows : 


CH,CO H,.0-CN Ns 
i (‘on 

cH + co -> OA ko 
, Oe ‘4 

CH,'C:\NH, HN°CH, CH, 
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On the other hand, when the methyl group is introduced into the 
other constituent of the reaction, that is, when acetylacetone-methyl- 
amine is heated with cyanacetamide, the sole product is Guareschi’s 
compound C,H,ON,, and not its N-methyl derivative. In this case, 
methylamine, and not ammonia, is eliminated, and in both cases the 
amine originally attached to the acetylacetone is the one whichis 
expelled when the condensation takes place, the present reaction being 
expressed as follows : 


| O.. CH 
ed ai 8 
CH + cO -—-> | oN 
, eee v4 CH JOH 


Another experiment had the object of ascertaining whether the acid-' 


ifying influence of the cyanogen group is the determining factor in such 
condensations, and this was found to be the case, for when malonamide 
was substituted for cyanacetamide, no condensation with acetyl- 
acetonamine could be induced, although the only variation is the sub- 
stitution for the active CN group of the CO*-NH, group. 

The methods of hydrolysis which proved successful with Guareschi’s 
compound were: (1) fusion with potash; (2) treatment with warm 
fuming sulphuric acid. As both processes gave the same products, I 
shall confine myself to the latter one, which gives a good yield. 

If the solution of Guareschi’s compound in the acid (10 per cent. SO,) 
be diluted after standing for some time at the ordinary temperature, 
only unchanged substance separates; if, however, the solution has 
been warmed at 100° for a short time, nothing separates on dilution, 
’ but after several days a copious crystallisation of rosettes of needles 
is obtained. These are sparingly soluble in water, melt at 209° 

CH, 


(215° corr.), and consist of the sulphate of the amide, CH, a Jor “NH, 


they are not affected by acetic anhydride, and when a with 
ammonia or boiled with solution of potassium carbonate give the 
amide which melts at 220—221° (227° corr.), is quite easily soluble in 
water, and appears to be dimorphous, forming at first hard granules, 
which on recrystallisation give small, flat needles with square ends. 
Like the other substances of this class, it is easily soluble in caustic 
alkalis, forming a phenolic ‘ salt’ crystallising in plates ; even on boiling 
with potassium hydroxide, hydrolysis of the amide to the acid is slow, 
as is also shown by its occurrence in the potash fusion. Unlike the 
original product, the amide acetylates readily, and, curiously enough, 
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the product after recrystallisation is so like Guareschi’s compound, 
C,H,ON,, that at first I thought it had been regenerated by the de- 
hydrating action of the reagent. It forms long, white needles melting 
without darkening at 279—280° (290° corr.). That this substance is 
different from the two compounds of the formula C,H,ON, was proved 
by the method of mixed melting points and also by an analysis which 
CH, 
CO-NH: CO-CH, 


gave results agreeing with the formula OH, loH 


\N% 


0:1075 gave 13-0 c.c, moist nitrogen at 18° and 756 mm. N=13°89. 
C,,H,,0,N, requires N = 13°49 per cent. 


It is remarkable that the amide should be so basic as to form stable 


salts and an acetyl derivative, and for this reason I at one time thought 
CH, 


CO,H . 
that it might be ino-acid, namely, () 2", instead of 
at it mig an amino-aci y OH NH, 
CH, 
Z \co: 
co NH, and to decide this point tried a number of experi- 

CH, - Ow ’ 
ments, such as the isonitrile test and the action of nitrous acid followed 
by alkaline B-naphthol. The results were negative and the second 
formula was then definitely proved by conversion of the substance, 
by means of bromine and soda, into Collie’s 5-amino~/-lutidostyril, 

CH, 


on) 2, which gives extremely characteristic colour reactions 
(see page 108, and Trans., 1898, ‘73, 232). 

The substance (m. p. 227°) is therefore really the amide of y-lutido- 
styril-5-carboxylic acid. The next step was to obtain this acid. As 
the hydrolysis of the amide is effected only slowly by acids or alkalis, 
I tried the action of nitrous acid. On boiling the solution, nitrogen was 
evolved and the carboxylic acid—which is very sparingly soluble— 
was precipitated. This acid forms needles closely resembling its iso- 
meride (Collie’s y-lutidostyril-3-carboxylic acid, m. p. 300—304°), but 
melts at 244° (252° corr.), and, like its isomeride, decomposes into 
y-lutidostyril and carbon dioxide when heated above its melting point. 

Potassium Salt of w-Lutidostyril-5-carboxylic Acid, m. p. 252° 
(corr).—This was prepared by adding a solution of potassium carbonate 
to the acid, evaporating to dryness, and crystallising from boiling 
alcohol. It forms long, flat needles and was dried at 120°. 

12 
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0°1564 gave 0:0668 K.SO,, K=19°18. 
C,H,O,NK requires K = 19°06 per cent. 


3-Nitro-— lutidostyri.—In preparing thiscompound, I followed Collie’s 
description of the processes used in producing 5-nitro-y-lutidostyril 
(Trans., 1898, 73,231). On nitrating the acid melting at 244°, I obtained 
3-nitro-»)-lutidostyril-5-carboxylic acid in the form of white, sparingly 
soluble needles melting at 225—227° (corr.), and giving intensely 
orange salts. On reduction in acid solution, the solution gave the 
same brown coloration with ferric chloride as its nitrile (the amino- 
derivative of Guareschi’s compound, see p. 108) gives. 

On heating the above nitro-acid at 260° until: the evolution of carbon 
dioxide ceases, it is transformed into 3-nitro-p-lutidostyril, which on 
recrystallisation forms pale, shining leaflets moderately soluble in 
water and melting at 260° (corr.), and on reduction gives a reddish- 
brown coloration with ferric chloride. The analogy with Collie’s 
work in this field is brought out by the following scheme : 


OH, OH, CH, 
00,8 5 _, 008 NNO, _, 3 Nxo, 
CH /0H CH, /OH CHy /OH 
Collie’s acid, 5-Nitro-y-lutidostyril- 5-Nitro-y-lutido- 
m. p. 300—304° (corr.). 8-carboxylic acid. styril. 
CH, CH, CH, 
00,8 NO,(” ‘0, NO,/ 
CHa /OH CH,\ N /OH CHa /OH 
New acid, *  3-Nitro--lutidostyril- 3-Nitro-y-lutido- 
m. p. 252° (corr.). 5-carboxylic acid. styril. 


The Formation of w-Lutidost ril from Ethyl Acetoacetate. 


Duisberg (Annalen, 1882, 213, 174), by heating ethyl acetoacetate 
with excess of ammonia, evaporating, and heating the resulting gum 
at 80°, obtained a compound decomposing at about 280° and event- 
ually giving figures approximating to those required for the formula 
C,H,ON,. 

Thinking that this might be Holtzwart’s compound, I tried to obtain 
it by heating ethyl acetoacetate with an equal bulk of strong ammonia 
in a sealed tube during 2 hours at 150°... The product was an oil con- 
taining crystals, but the latter were merely ammonium carbonate. On 
evaporating the thick filtrate from these, a brown gum was left which 
was kept on the water-bath for some time and then boiled with water 
and excess of animal charcoal. On concentrating the pale filtrate, I 
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obtained crystals which, after purification by repeated crystallisation 
from water, melted at 173—175°(177—179° corr.), and behaved in all 
respects as y/-lutidostyril. 

This had evidently been formed from isodehydracetic acid, the first 
stage in the condensation of ethyl acetoacetate. 


CH, {70H | By000''Cn OH, (fa 088 
+ a 6 
CO::0Et HC CO--O CO—N 
Ethyl acetoacetate. ~~ ‘‘dsoDehydracetic acid.” —> y-Lutidostyril. 


CHEMICAL DEPARTMENT, 
CENTRAL TECHNICAL CoLLEGE, Lonpoy, S.W. 


XII.—The Determination of Available Plant Food in 
Soils by the use of Weak Acid Solvents. 


By AtrrepD Daniet Hatt, and Francis JosepH PLYMEN. 


In the analysis of soils, it has been customary of late years to employ 
a weak acid solvent in order to extract those mineral constituents, 
phosphoric acid and potash in particular, which are present in the soil 
in such a state of combination as to be readily taken up by the crop. 
The phosphoric acid and potash thus extracted have been termed the 
“ available,” as distinct from the total, amounts of the same substances 
which can be extracted by hot, strong hydrochloric acid, or other 
solvent, which completely breaks up the soil. It is claimed that better 
indications of the comparative richness or poverty of the soil and of 
the need or otherwise for special mineral manures can be obtained by 
determinations of the available rather than of the total constituents, 
the information supplied by the latter being often not in accord with 
5 the results of cropping. 

f Although chemists are agreed generally about the value of weak 
solvents in the analysis of soils, considerable diversity of opinion exists as 
tothe acid to use and the theoretical basis on which its action depends. 
Dilute acetic acid, originally suggested by H. von Liebig, was used by 
Dehérain (Ann. Agron., 1891, 1'7, 445). An aqueous solution of carbon 
dioxide has been worked with in America, by Gerlach (Landw. 
Versuchs.-Stat., 1896, 46, 201) and by T. Schloesing (Compt. rend., 
1900, 181, 149). Its adoption is obviously based upon the fact that 
the natural soil water, by which much of the nutrient matter of 
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the soil is conveyed to plants, largely owes it solvent power to carbonic 
acid. 

Petermann, in his examinations of Belgian soils (Recherches de 
Chimie et Physiologie, 1898, 3, 50), employs an ammoniacal solution 
of ammonium citrate for the determination of available phosphoric 
acid ; he regards it as “veritable reactif de groupe,” distinguishing 
between the mineral phosphate of lime and the precipitated phosphates 
of lime, iron, and alumina which will rapidly come into action in 
the soil. 

Hydrochloric acid of various strengths has been used ; the American 
Association of Official Agricultural Chemists has recommended a 
solution of fifth-normal strength; trials have also been made in 
America with hundredth-normal hydrochloric acid. 

Emwmerling (Bied. Ceni., 1900, 29, 75) has recommended a solution 
of oxalic acid of 1 per cent. strength for the purpose of distinguishing 
between phosphoric acid combined with the alkaline earths and that 
combined with the sesquioxides. 

Hoffmeister (Landw. Versuchs.-Stat., 1898, 50, 363) suggests an 
ammoniacal solution of humic acid for estimating the relative values 
of different forms of phosphoric acid, and Maxwell (J. Amer. Chem- 
Soc., 1899, 21, 415), in his examination of Hawaiian soils, used a 
1 per cent. solution of aspartic acid, which was found to dissolve 
“phosphoric acid, lime, potash, and other bases out of the soil in 
almost the exact proportions that these elements have been found in 
the waters of discharge and in which they are removed by cropping.” 

T. Schloesing, jun. (Compt. rend., 1899, 128, 1004), working with 
dilute nitric acid of various strengths, found that as the strength of 
the acid was increased, the amount of phosphoric acid dissolved first 
increased, then remained stationary during a certain range, and then 
began to increase again; at which point, and not before, iron began 
to appear in the solution. He concludes that this stationary pro- 
portion of phosphoric acid indicates the amount of readily available 
calcium phosphates and that the beginning of the attack upon the 
ferric phosphate marks the point at which all the available phosphoric 
acid has passed into solution. 

But of all the dilute acids, none has been more widely applied to 
the determination of “available” plant food than a 1 per cent. 
solution of citric acid, as described by Dyer in a communication to this 
Society (Trans., 1894, 65, 115), the 1 per cent. citric acid solution 
being taken as approximating both to the nature and average strength 
of the natural solvent, the root sap. 

It is, however, doubtful if sufficient data exist upon which to base 
any @ priori decision as to the best acid and strength to employ; the 


aaa 


ear atn seis 


, 


AVAILABLE PLANT FOOD IN SOILS. 119 


state of combination of the phosphoric acid and potash in the soil, 
the nature of the root sap, and the part it plays in obtaining mineral 
matter from the soil as compared with that which enters the plant 
by osmosis from the natural soil water, are all too imperfectly known 
to provide a theoretical basis for a method of analysis. In the present 
state of our knowledge, these processes can only be tested by com- 
paring the conclusions to which they lead with the results obtained 
by cropping the soil ; indeed, the crop alone can measure the material 
available in the soil. 

It was in the hope of obtaining some critical results with regard to 
the various acids suggested for determining the available constituents 
in the soil that the authors have obtained a number of soils which 
have been the subject of field experiments, and submitted them to 
the action of certain of the acids indicated above. As a rule, abnormal 
soils have been chosen, that is, soil which are markedly deficient in 
available phosphoric acids or potash, as indicated by the large returns 
which could be obtained by the application of one or other of these 
substances in the shape of manure. 

By the kindness of Sir J. Henry Gilbert, the authors further were 
enabled to examine seven samples from the Broadbalk .Field at 
Rothamsted, which had been under wheat and continually manured 
in the same way for forty-two years. Sir Henry Gilbert was good 
enough to furnish the authors with'material drawn from seven sharply 
contrasted plots on this classic field, sufficient for duplicate determina- 
tions of both the phosphoric acid and potash dissolved by all the 
solvents to be described later. 

Determinations were made of both phosphoric acid and potash in 
the Broadbalk soils and in four other cases ; the nine remaining soils 
were only analysed for one constituent. Arising out of the work, 
determinations were also made of the calcium carbonate and the 
organic matter in each soil, and a few other determinations were 
made to ascertain what degree of variation might be introduced by 
the strength of the acid employed and the quantity of calcium car- 
bonate present. 


The Soils Examined. 


The soil samples from the Broadbalk Field, Rothamsted, were taken 
in October, 1893 ; the plots had then grown wheat continuously for 
fifty years and the same manures had been applied to each plot year by 
year, with one exception, for forty-two years (J. Roy. Agric. Soc. Eng., 
1884, 20, 391). 

The following table show= the numbers under which the plots are 
described in the Rothamsted Memoirs, the manures per acre per annum, 
and the average yield of grain and straw : 
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Grain. Straw. 


No. of plot. Manure per acre per annum. Bushels. Cwt. 
2b Farmyard manure, 14 tons.................. » 348 324 
3 Unmanured continuously ......... ........ 12% 108 
5 TT nT oe peigens 143 12} 
6 Minerals + 200 pounds ammonium salts 24 215 


7 Minerals + 400 pounds ammonium salts 32} 327 
9a Minerals + 275 pounds sodium nitrate.. 34} 38} 
16 Minerals + 800 pounds ammonium salts, 

EID icintsinnssictenconssitiipiiiantiorens — — 
Unmanured, 19 year®.........s.0c0sssersress 274 287 
Minerals + 550 pounds sodium nitrate, 

BP DORI oiccxcnnrenvccesorsseedeiertionnanes — —_ 


In the above table, ‘‘ minerals”’ stands for 200 pounds of potassium 
sulphate, 100 pounds of sodium sulphate, 100 pounds of magnesium sul- 
phate, and 34 cwt. of superphosphate (37 per cent. soluble phosphate) ; 
ammonium salts means equal parts of sulphate and chloride of ammon- 
ium containing about 43 pounds of nitrogen, which is also that con- 
tained in 275 pounds of sodium nitrate. 

If the quantities given above are translated into pounds of phosphoric 
acid and potash supplied and removed per acre per annum, the follow- 
ing approximate figures are obtained. They are partially taken from 
a recently published paper by Dyer on the phosphoric acid and potash 
in wheat soils of Broadbalk Field, Rothamsted (Phil. Trans., 1901, 
B. 194, 235—290), and are based on the manures supplied and the 
analyses of the grain and straw removed : 


Phosphoric acid. Potash. 
Plot. Supplied. Removed. Supplied. Removed. 
26 78 26 235 50 
3 0 9°3 0 15 
5 65 14 104 23 
6 64 17 108 33 
7 62 22 107 51 
9a 64 26 108 50 
16 35 20 50 43 


Of the other soils, No. 1 is a clay soil from Essex furnished by Mr. T. 8. 
Dymond. Some of the results obtained on this field in 1899 may be 
quoted as showing the response of the soil to dressings of phosphates : 


Manure. Without lime. With lime. 
SN I, I oi. oo inns cocvcadsesneaaneen con 3°3 82 
“ a 4 cwt. superphosphate 17°8 25°4 


Other results with phosphatic manures, both in this year and 1900, 
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confirm the need for phosphates (see Zhe Hssex Field Experiments, 
1901, I, 28). 

Soil No. 2 is a Welsh soil from Cardigan, selected by Mr. T. Parry 
as typical of the soils in that district which respond freely to dressings 
of basic slag. The experimental plots in the same field showed 
“astonishing results” for a dressing of 10 cwt. of basic slag, but, 
being in pasture, no weights can be given. 

Soils Nos. 3,6, and 10, were indicated by experiments carried out under 
the Bath and West of England Agricultural Society, in 1891, as likely to 
be deficient in available phosphoric acid, and were kindly procured for us 
by the occupiers, Mr. J. B. Till, of Park Farm, Thornbury, Gloucester- 
shire ; Mr. E. W. Drew, of Crichel, Wimborne, and Mr. W. H. Tremaine, 
of Trerice Manor, Grampound; Road, Cornwall, from the fields which 
had been under experiment. The following extract from the report on 
the trials (J. Bath and West of Fngland Agric. Soc., 1891—1892, 
[iv], 2, 264) shows the effect of phosphatic dressings on the mangold 
crop : 

4 cwt. nitrate. 


Plot. Character of soil. With 4 cwt. nitrate. »» superphosphate. 
3 Gravelly loam............+.. 6 32°3 
6 Deep loam on chalk ...... 12°7 26 

Be TID conic sisessccsens 8°7 19°7 


Soil No. 4 is from strong land on the Weald Clay, near Marden, 
Kent ; the sample was taken from an arable field immediately adjoin- 
a hop garden which has been under experiment since 1895 by the 
South Eastern Agricultural College. The plots have always given 
large returns for the application of phosphates, as will be seen from.the 
following table, giving the mean results 1895 —1899 : 


Mean of 5 years’ crop, 


Plot. Manure per acre per annum. ewt. 
1 Nitrogen, potash, 6 cwt. phosphates ......... 125 
2 » ” 8 ” enetnibiiits 15°1 
3 * » 10 er 15°7 
t ” —— a 16°6 


On the same soil, the omission of potash gave no consistent returns ; 
on three occasions, the plot receiving nitrogen, phosphates, and potash 
was superior by 9 per cent., 6 per cent., and 1 per cent. respectively; 
on two occasions, it was inferior by 15 per cent. and 11 per cent. ; 
hence we may fairly conclude that the soil can supply the potash re- 
quirements of an ordinary crop (see J. South Hastern Agric. Coll., 1900, 
No. 10, 33). 

No. 5 is a sandy soil, resting on the Tunbridge Wells beds, near 
Frant, and is also taken from a field adjoining a hop garden which has 
been under experiment. In this case, phosphates above a certain 
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point give little return, but potash salts produce a great increase in 
the crop. The table sets out three years’ results : 


Plot. Manure per acre per annum. Mean crop. 
1 Rape dust 15 cwt. (=70 lbs. nitrogen) +0 ........ ......44 15:2 
2 99 ip «= SIE I carcetess ci ites 15°1 
3 . » ee act eaaatidos: 16-1 
4 %9 am ie DD ab * divtinaunanebsincenetin 15°4 
5 » ” »  5+potassium sulphate 5 cwt. 17°7 


The only consistent increase in crop each year has been on the plot 
receiving potash, where the effect has also been noticeable in the 
character of the foliage (see J. South Eastern Agric. Coll., loc. cit.). 

Soil No. 7 was supplied by Mr. J. Alan Murray of the University 
College, Aberystwyth, and was taken from grass land on a light, 
alluvial loam at Falcondale, which has been under experiment for 
8 years, and has given marked returns for dressings of phosphatic 
manure. Taking the mean figures for 4 years, when phosphatic 
manures were applied, the excess of hay produced as compared with 
the plots receiving no phosphate was as follows (see Univ. Coll. 
Aberystwyth, Annual Report on Field Experiments, 1900) : 


For 112 lbs. superphosphate ............ 336 lbs. per acre. 
» 224 ,, ~ i s—canipenne 518 ” 
— oe —  § seepmeeiede 552 * 
— | | eerrrreeren 364 ‘ai 
» ite (evinces 713 ” 
» 255 ,, | (a tipaiacaatiataacat 777 9 


Soils 8 and 9 were from the garden at Hamel’s Park, Buntingford, 
Essex, belonging to Mr. H. Shepherd Cross, M.P., a soil notable for 
causing chlorosis in many species of plants grown there, especially in 
laurels, fruit trees, and chrysanthemums. Applications of superphos- 
phate had mitigated the onset of the disease, but it is by no means 
certain that a deficiency in available phosphoric acid is the cause. 

Soils 11 and 12 were from the experimental plots of the South 
Eastern Agricultural College, at Wye ; the soil is a light loam resting on 
the chalk and as a rule shows no particular need for mineral manures, 
Soil 11 was from a plot which had for five consecutive years grown 
barley without manure. Soil 12 had also grown barley, but had 
received a general dressing of artificial manures, including 4 cwt. of 
superphosphate containing 26 per cent. of soluble phosphate and 
14 cwt. of potassium sulphate. 

The following mean figures obtained with barley, oats, and grass 
in 1896 and 1897 serve to show the response the crop makes to 
mineral manures ; the various crops are reduced to a common standard 
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by calculating them on a basis of 100 for the plot with the complete 
manure, 


Plot. Manures per acre. Relative crop. 
By I Sais inidcietbiseiasedisied sadasiacidescarntcee” Anabelle 73 
B. Nitrogen + 2 ewt. superphosphate, no potash —...........+ eocn” 


D. Nitrogen + ? cwt. potassium sulphate, no phosphoric acid ... 87 
E. Nitrogen +2 cwt. superphosphate, } cwt. potassium sulphate 100 


Soil No. 13 was supplied to the authors by Mr. J. L. Duncan, B.Sc., 
from his farm at Birgidale Knock, Rothesay, N.B. It is a deep, alluvial 
loam, in good heart, but gave extraordinary returns for potash in some 
experiments with turnips carried out by Professor J. Patrick Wright 


in 1895. 
Nitrogenand Nitrogen, potash, +1 cwt. 
Manure, nil. Phosphate only. phosphate. sulphate of potash. 
Crop, nil. 5°9 8°9 19°8 tons. 


(See Reports on Manuring, &c., Glasgow and West of Scotland 
Technical College, 1896.) 


The Dilute Acids Used. 


Since the 1 per cent. solution of citric acid is so widely used, es- 
pecially among chemists in this country, for the determination of 
available phosphoric acid and potash, it was taken as the basis of 
comparison, and the other acids, as far as possible, were reduced to 
the same strength. This seemed preferable to using the other arbitrary 
strengths which have been suggested, such as 1 per cent. acetic acid, 
1 per cent. and one-fifth normal hydrochloric acid, especially as pre- 
liminary experiments showed that the strength of the acid is a factor 
in the amounts of phosphoric acid and potash dissolved. Citric acid 
solution containing 10 grams of the pure crystallised acid per litre is 
approximately one-seventh normal and is equivalent to a solution of 
acetic acid containing 8°57 grams per litre and one of hydrochloric 
acid containing 5:2 grams per litre. 

The ammonium citrate solution cannot be compared in strength with 
the other solvents ; it is made up according to Petermann’s formula, 
and used for the estimation of phosphoric acid only: 1 litre contains 
87:1 grams of ammonium citrate, rendered alkaline by 9°2 c.c, of strong 
ammonia (sp. gr. 0°880) ; 500 c.c. are digested with 50 grams of the 
soil for 1 hour at a temperature of 35—40°, with constant shaking. 

As a source of water charged with carbonic acid, recourse was had 
to the “sparklet ” bottles of commerce ; one of the larger sized bottles 
holds conveniently 50 grams of soil and 500 c.c. of water. Into this 
a sparklet charged with liquid carbon dioxide was broken in the usual 
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way, the contents of the bottle were allowed to stand for a week and 
shaken from time to time as with the other weak acids. The larger 
sparklets were found by trial to contain about 4°5 grams of carbon 
dioxide, so that the solution within the bottle would contain a little less 
than 9 grams per litre, and be approximately 0°4 normal. After 
opening the bottle, as soon as the first effervescence has subsided, the 
solution must be rapidly filtered and the filtering completed before 
all the free carbon dioxide has diffused out of the liquid. 

When chalk is present in the soil, a strong solution of calcium bi- 
carbonate is produced in the sparklet bottle, and precipitation of cal- 
cium carbonate begins when the solution is brought into contact with 
the atmosphere. Preliminary tests showed that solutions of acid cal- 
cium phosphate and calcium bicarbonate can exist together until the 
excess of carbon dioxide is expelled, when calcium phosphate is pre- 
cipitated. However, the first portions of calcium carbonate precipi- 
tated during filtering, although mixed with a little fine clay, showed 
no appreciable amount of phosphoric acid. 

The three acids, citric, acetic, and hydrochloric, of the same titre, 
together with carbonic acid water, were used on the soils for the 
estimation of both the phosphoric acid and potash. 


Methods of Analysis. 


The soil samples were all air-dried, gently broken in a mortar with 
a wooden pestle, and passed through a sieve having round holes 
3 mm. in diameter. The stones retained by the sieve were rejected, 
the fine earth that passed the sieve was used for analysis without 
any further preparation. 

In the case of the soils from the Broadbalk Field, the samples 
had already been put through a wire sieve with meshes } inch apart. 
The 3 mm. round sieve took out a few more stones, amounting to 
about 24 grams from each sample of 3 pounds, or, approximately, 1°8 
per cent. 

Except in the case of the ammonium citrate and the carbonic acid 
solutions, 200 grams of the air-dried soil were put into a Winchester 
quart bottle with two. litres of the dilute acid, the bottle was kept 
stoppered and shaken whenever convenient during 7 days at the ordi- 
nary temperature of the room. 

At the end of this period, the solution was filtered and an aliquot 
part of the extract (generally 500 c.c.) was evaporated to dryness 
and ignited. For the determination of phosphoric acid, the residue 
was attacked with hydrochloric acid, evaporated to dryness, and ignited 
very gently to render the silica insoluble. It was then taken up 
with dilute nitric acid, a few grams of ammonium nitrate were added, 
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with 50 cc. of a solution of ammonium molybdate, containing 60 
grams of molybdic acid per litre. The volume of the nitric acid 
solution was always brought to 50 c.c. before adding the ammonium 
molybdate, in order that the work should always be carried out 
under uniform conditions. The mixture was well stirred and allowed 
to stand in a warm place, not exceeding 40°, for 24 hours. The 
phosphomolybdic acid, after washing with ammonium nitrate solution, 
was dissolved by ammonia into a tared basin, evaporated to dryness, 
ignited gently over an Argand burner, and weighed. The resulting 
material was assumed to contain 3°794 per cent. of phosphoric acid. 

In potash determinations, the ignited residue from the evaporated 
solution was taken up with weak hydrochloric acid and the potash 
determined by Tatlock’s method as described by Dyer (Joc. cit., p. 141), 
the potassium platinichloride being sometimes weighed as such, and 
sometimes converted into metallic platinum. 

The so-called “total” potash and phosphoric acid were determined 
on portions of the same soils that were ground until they would pass 
through a woven sieve of 1 mm. mesh. Twenty grams of such soil were 
extracted with 70 c.c. of strong hydrochloric acid containing 20°2 per 
cent. of pure acid (that is, the acid which results on boiling the con- 
centrated acid under ordinary atmospheric pressure) for 48 hours on a 
water-bath in a loosely stoppered flask. 

The amount of calcium carbonate is calculated from the amount of 
carbon dioxide evolved on treating the soil with dilute acid by a 
method described in another communication (this vol., p. 81). 

Some of the carbon dioxide may be derived from magnesium car- 
bonate, but as the factor that is wanted is the amount of “base” 
available in the soil, it is not necessary to attempt to differentiate 
between calcium and magnesium carbonates. 

All the figures given are calculated as percentages on the soil in an 
air-dry condition ; the amount of water each soil loses at 100° is 
also given. 

I. PHospHoric Acip ReEsvtts. 


Soils from the Broadbalk Field. 


In the table on p. 126, the results obtained by the action of the 
various acids employed on the soils from the seven plots of the 
Broadbalk wheat field are set out. 

(1). A first inspection of the figures shows that in general citric acid 
dissolves the most, ammonium citrate a little less, hydrochloric acid 
comes next in order, then acetic acid, the carbonic acid charged water 
dissolving least of all. This order of solvent power is preserved in 
each plot. Taking the means of the quantities dissolved from the six 
manured plots, 2b, 5, 6, 7, 9a, and 16, it will be seen that the citric 
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Tas.eE I. 


| Am- Stror 
Plot. Manuuring. Citric. | HCl. Acetic. CO ,. |monium Hcl” 
| | citrate. 
| | | 
ices Svein eptaeinirie _0°0477 | 0°0224 | 0°0166 | 0°0095 | 0°0433 0-209 
8 | Unmanured .............00++ 00080 | 00021 | 00011 | 0°0005 | 0°0069 0-114 
5 | Minerals only ............... | 0°0510 | 00360 | 0:0098 | 0:0058 | | 0°228 
6 | Minerals +200 lb. ammon- | 
Sar 0°0446 | 0°0264 | 0°0086 | 0°0031 by 0283 0°195 
7 | Minerals +400 1b. ammon- 
SD cspinicts-enninnienn ink 0°0402 | 0°0243 | 0°0067 | 0° 0030 | 0 0266, 0°191 
9a | Minerals+ 275 lb. sodium | 
PIE cccsecepensohinsevonies 0°0295 | 0:0070 | 0°0032 | 0°0021 | 0-0197 | 0°164 
| Minerals+ 800 1b. am-y | 
monium salts...13 years | | 
16 + | Unmanured ...... 19 years } 0°0208 | 00051 | 0°0016 | 0°0011 | 0°0141 0°157 
| Minerals -+- 550 lb.sodium 
| ee 10 years/ | 


acid dissolves about ten times as much as the carbonic acid, about five 
times as much as the acetic acid, and twice as much as the hydrochloric 
acid (Table IT). 

In the case of the unmanured plot, the ratios are of the same 
order. 


Tase II, 
PO, dissolved from 
Solvent. 
Six manured plots. | Unmanured plot. 
ls 0-0390 | 0-0080 
PAMOTIITD GAGRBEG «0.05 cc cccccsosecsesseees 0°0285 0:0069 
EE DEEL, ncscinssvevesscenedessoceesss) 0°0202 0°0021 
SE adiiitek Sitittyericnenexsinerisoveness 00077 00011 
I alcincittiininncieuvaimeteiswneests 00042 00005 


| | 

(2). The ratios in which the various acids dissolve phosphoric acid 
are not the same for each plot, as will be seen from a consideration of 
the following table (III), where the results are recalculated as per- 
centages of the “ total” phosphoric acid, that is, the amount dissolved 
by strong hydrochloric acid from each soil. 

It is now seen that as the total phosphoric acid in the soil diminishes, 
so does the fraction which is soluble in any of the acids. Citric acid 
dissolves more than 20 percent. of the total phosphoricacid in the soil from 
the dunged plot and from the plots receiving minerals alone or minerals 
and ammonium salts; the percentage drops to 13:3 in the soil from 
plot 16, which had been for some time unmanured and at other times 
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TABLE ITT. 


Plot. 2b. 3. 5. GQ | @ o. | “3%. 


Total phosphoric acid. | 0°209| 0°114 | 0-298 | 0-195 | 0191 | 0°164; 0°157 
| | 


Percentages of total dis-| | | 
solved by :— | | 
Citric acid ............... |22°8 | 7°02 |224 |22°9 |211 |180 {133 
Ammonium citrate ...| 20°7 605 {170 (145 |18°9 |12°0 8°98 
Hydrochloric acid ......| 10°7 1°84 | 151 (185 | 12°7 4°28 | 3°25 
Acetic acid ............... | 7°92 0'965 | 4°30 | 4°41 3°51 1°95 1°02 
Carbonic acid............ 4°53 | 0°439 | 2°54 1°64 1°57 1°28 0°701 


drained of minerals by the use of heavy dressings of nitrogenous 
manures, and still further drops to 7 per cent. in the soil from the 
unmanured plot. With the other acids, the same progression is 
observed. The crops first remove the more soluble portion of the 
phosphoric acid within the soil, and on those plots where the phos- 
phoric acid has been reduced by cropping, the residue is in a com- 
paratively insoluble form, attacked with increasing difficulty by the 
dilute acids employed. 

(3). 1n order to compare the relative powers of attack possessed by 
the acids on the different plots, it is convenient to take as a standard 
for each plot the amount dissolved by the citric acid and reduce the 
results given by the other acids to this basis. The following table is 
thus obtained : 


TABLE LV. 

Amount dissolved by |Plot 2b.| 3. 5. S.-i Bs 9a. 16. 
Citric acid ..........ce00e | 100 100 =| 100 100 100 100 100 
Ammonium citrate ...| 90°83 | 86°2 | 76°1 | 63°5 | 662 | 66:8 | 67°8 
Hydrochloric acid ...... 46°9 | 262 | 706 | 59°2 | 60°4 | 23:7 | 24°5 
Acetic acid ............++. 34°8 | 13°7 | 192 | 193 | 167 | 10°8 7°7 
Carbonic acid ............ | 19°9 6'2 11°4 77) TS 7% 5°3 

| 


It is clear that some difference exists between the actions of the 
various acids ; if a given acid has twice the solvent power of another 
in dealing with one soil, it does not follow that the same ratio will be 
preserved on passing to a soil of a different type. 

The solution of hydrochloric acid has about two-thirds the solvent 
power of the citric acid in dealing with soil from the group of plots 
5,6, and 7, which receive minerals alone or with ammonium salts ; one- 
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half with the soil from 2b, which contains much organic matter ; and 
less than one-fourth with the soils from plots 9a and 16, where the 
minerals have been accompanied by nitrate. 

When compared with citric acid, acetic acid also dissolves a smaller 
proportion of the phosphates in the soils from the nitrated plots 9a 
and 16, but a higher proportion than usual when dealing with the 
durtged plot 5. 

‘Carbonic acid dissolves a fairly constant proportion of the phosphates 
dissolved by the citric acid except in dealing with the dunged plot, 
when its solvent powers are comparatively high. 

The attack of ammonium citrate is relatively speaking at its 
best in dealing with the dunged plot and with the continuously un- 
manured plot. 

(4). Turning now to the practical question, which acid yields results 
most in accord with the past history of the plots, it will be convenient 
to arrange the results in a fresh form. In the following table (V), 
the amount of phosphoric acid dissolved from plot 5 (minerals only) 
will be taken as the standard of comparison, thus showing the varia- 
tion caused by the plots in the case of each acid. Plot 5 is chosen for 
the standard, as it has been continually manured with minerals, 
and but scantily cropped owing to the absence of nitrogen ; it should 
therefore contain the greatest amount of “available ” phosphoric acid. 


TABLE V. 
ie Ammonium | i 

Total. Citric. dinie HCl. Acetic. CO, 

Plot 5...... 100 100 100 100 100 100 

» 2b...| 91°9 93°5 112 62°2 169 164 
gy 85°5 73°0 87°4 73°3 87°8 53°5 
an ee 68°8 78°8 67°5 68°4 51-7 
» ..| 719 57°8 50°8 194 | 327 36-2 
i 68°9 40°8 36°4 142 | 163 19-0 
i a 15°7 17°8 58 | 112 8°6 


It is seen that all the weak solvents give more trustworthy 
information about the soil than the strong hydrochloric acid does. 
With the strong hydrochloric acid, the variation in passing from the 
richest plot, 5, continuously manured with superphosphate and very 
scantily cropped, to the poorest plot, 3, which has been cropped without 
manure for 50 years, is only 100: 50, whereas with other acids the ratio 
varies from 00:17°8 to 100:5°8. Witha few exceptions, each of the 
cids would set the plots in the same order of fertility ; the ratios of 
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attack shown by citric acid and ammonium citrate are fairly similar, 
those of acetic and carbonic acids are still more alike. 

Acetic and carbonic acids and ammonium citrate rate 2b, the dunged 
plot, as richer than 5, the plot which receives minerals only. 

Hydrochloric acid rates the dunged plot very low, below 6 and 
7, receiving mineral manures with ammonium salts ; hydrochloric acid 
also rates 9a, the nitrated plot, very low, extracting less than one- 
third as much from this plot as from plots 6 and 7, whereas citric 
acid would make this plot almost as rich as 6 and 7. 

With the variable factors introduced by the long-continued 
use of dung, ammonium salts, and nitrate respectively, it would 
be difficult to say which of these plots would be shown by crop- 
ping as relatively the richest in phosphoric acid; the surplus of 
the phosphoric acid supplied as manure over that removed in the crop 
during the last 42 years gives some figures wherewith to form an 
opinion, but one that does not take into account the different states 
of combination into which the phosphoric acid has entered in the 
soil. 

The following table compares the surplus of phosphoric acid added 
to the soil during the last 50 years with the amounts removed from 
each plot by the various acids, assuming for the fine earth down to 
the depth of 9 inches, an average weight of 2,500,000 lbs. per acre. 
The figures are in pounds per acre. 


TaBLe VI. 
P.O; dissolved by 
Surplus P.O, 
retained by | 
soil, siti Ammonium : 
Citric eltuete. | HCl. | Acetic. CO,. 

pketben en 
Piet. &...... 2582 1275 970 900 245 145 
-— ae 2619 1193 | 1082 560 415 237 
a ee 2355 1115 707 | 660 215 77°5 
99 Teseeee 1985 1005 | 665 | 607 167 75 
Te 1885 738 492 175 80 52°5 
_ , 765 520 | 352 | «(127 40 27°5 
sg. | Modenes — 467 165 172 | 52 27°5 12°5 


The following table shows the calcium carbonate and the loss on 
ignition of the soils under consideration. The loss on ignition includes 
both organic matter and water of hydration, butas the latter is likely 
to be constant in dealing with soils from the same field, the 
variations in the loss on ignition represent pretty nearly the varia- 
tions in the amount of organic matter present. 

VOL, LXXXI K 
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Taste VII. 
| 2b. | 3. | 5. 6. 7. 9a. | 16. 
Calcium carbonate ...... | 386 | 3°55 | 3°67 | 2°50 | 2°62 | 4:17 | 3-03 
Loss on ignition ......... 6°21 | 3°32 | 3°65 | 3°75 | 4°44 | 4°49 4°34 
Hygroscopic water lost 
MMM cos, cibcscdsccovveees 2°26 | 1°92 1°85 2°03 1°92 2°06 | 2°33 


The amounts of either calcium carbonate or organic matter present 
in the soils do not shed any consistent light on the different rates of 
The amount of calcium 


attack shown by the solvents employed. 


carbonate present is in no case sufficient to neutralise the acids, for 
which purpose about 15 grams of the carbonate would be required. 
Much of the calcium carbonate in the soil of plots 6 and 7 has been 
removed by the continual use of ammonium salts, and this may ex- 
plain why the hydrochloric acid dissolves far more from these plots 
than from the nitrated plot 9a, which is richest in calcium carbonate. 


Phosphoric acid—Broadbalk Field. 
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But the acetic acid, the solvent action of which is little affected by 
variation in the calcium carbonate present, also dissolves less from 9a 
than from plots 6 and 7. On the other hand, the dunged plot is rich 
in calcium carbonate and is comparatively resistent to hydrochloric 
acid, yet it is the plot which yields the most to acetic acid. 

It is noticeable that the citric acid and ammonium citrate solutions 
contain considerable quantities of organic matter, silica and salts of 
iron and aluminium. The same mineral materials are attacked by the 
hydrochloric acid, but are not present to any appreciable extent in 
the solutions in acetic and carbonic acids. The comparative action of 
the various acids may be most clearly seen in the diagram on p. 130, 
where the heights of the vertical columns are proportionate to the 
amounts of phosphoric acid dissolved in each case. 

For purposes of comparison, the total phosphoric acid soluble in 
strong hydrochloric acid is added, but plotted to the smaller scale of 
one-tenth. 


Phosphoric Acid Results on other Soils. 


The following table shows the percentages of phosphoric acid dis- 
solved by each of the acids from the soils 1 to 12 previously described, 
arranged according to the total amount of phosphoric acid they contain : 


TaBLeE VIII. 
| . | Strong 
Soil. Citric, HCl. Acetic, | Carbonic, |AMmonium) “po, 


| 
| 


a aanere? 


citrate. | Total. 
| 


0°0055 0°0024 0°0007 00033 | 0°0080 0°073 
0°0085 0°0013 0°0007 0°0013 | 0°0295 0°089 
0°0100 0°0035 0°0016 0°0030 0°0128 0°089 
0°0029 0°0021 0°0007 0°0017. | 60104 |, 07104 
0°0082 | 00031 0°0011 0°0023 0:0099 | 07110 


i 
DH OD ONO OR OO DDE 


070033 | 9°0003 0:0003 00008 | 00122 | 0-112 
0°0133 | 000435 | 00006 0°0011 00182. | 07118 
00210 | 00067 0 0016 00019 , 00210 | 0-121 
0°0085 0:0040 0°0016 00022 00081 | 0°142 
00071 | 00022 0:0019 0°0022 0°0089 = 0145 
00240 | 0°0167 0°0056 00014 00166 | 0°152 
0°0420 0°0360 0:0120 0:0089 0°0540 | 0°163 


(5). It is at once seen that the order in which the soils are arranged 
according to the total phosphoric acid is not the order of their relative 
richness in “available” phosphoric acid as judged by any one of the 
dilute solvents. This is only to be expected, considering the very differ- 
ent types of soil here brought together. The results generally afford 

K 2 


132 HALL AND PLYMEN: THE DETERMINATION OF 


strong confirmation of the practical value of dilute solvents in judging 
of the need of a given soil for a phosphatic manure. With three excep- 
tions, all the soils contain more than 0:1 per cent. of total phosphoric 
acid, which has been regarded as suflicient for fertility ; yet the cropping 
tests of these soils show that only two, 11 and 12, are at all 
properly furnished with phosphoric acid. If, on the contrary, Dyer’s 
limit of 0-01 per cent. of phosphoric acid soluble in 1 per cent. citric 
acid be taken as a criterion, the two latter soils are sharply dis- 
tinguished from the rest, as containing 0:024 and 0-042 per cent. re- 
spectively, and the others with two exceptions would be rated as in 
need of phosphoric acid. 

With acetic acid as a solvent and a limit of 0°0025 per cent. of phos- 
phoric acid soluble, all the soils except the two, 11 and 12, known to 
be provided with phosphoric acid, would be rated as in need of a phos- 
phatic manuring. 

(6). The action of the different acids can be best reviewed by plot- 
ting them as before, and also by recalculating the results in terms of 
the amounts dissolved by citric acid from each soil, compare Table [IX 
(p. 133) with Table IV (p. 127). 

Table X. (p. 133) shows the calcium carbonate, the hygroscopic 
moisture, and the loss on ignition for each soil. 

In Table XI (p. 133) the soils 1 to 12 are arranged as_ the 
Broadbalk soils in Table V (p. 128); that is, one soil is taken as a 
standard of comparison (in this table, No. 5, which is known to be 
very slightly if at all in need of phosphatic manuring); the phos- 
phoric acid dissolved by each acid from this plot is called 100, and the 
amounts dissolved by the same acid from the other plots are reduced 
to this standard. 

An inspection of the diagram (p. 134) shows that citric, acetic, hydro- 
chloric and carbonic acids agree, with one or two exceptions, as to the 
comparative richness in available phosphoric acid of any plot. The 
vertical columns representing the acids rise and fall together in pass- 
ing from plot to plot, as was the case with the Broadbalk soils. 

The ammonium citrate, however, gives results essentially different ; 
it rates soil 2 as better than 3, the other acids make 3 distinctly 
richer than 2; again, it rates 4 below 5, contrary to the relative 
position assigned to these two soils by the other acids and by cropping 
experiments. 

From all the soils 1—8, 10, and 12, ammonium citrate extracts more 
than citric acid, a result never obtained with any of the Broad- 
balk soils. The high and irregular results given by ammonium citrate 
as compared with the other acids may probably be attributed to the 
comparative richness of these soils in organic matter and their poverty 
in calcium carbonate. The soils, 2, 4, 6, 7, and 8, which are rated 
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Phosphoric acid.— Other soils. 
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comparatively high by ammonium citrate, are rich in organic matter, 2 
and 7 being the only pasture soils in the group, and 8 an artificially 
made soil. No. 5, which is rated low by ammonium citrate, is excep- 
tionally deficient in organic matter. 

The quantities dissolved by acetic and carbonic acids are very 
similar ; it is to be noticed that acetic acid dissolved slightly less than 
carbonic acid from the soils 1—10, which are, with the exception of 9, 
short in calcium carbonate, but that it obtained the larger amount of 
phosphoric acid from soils 11 and 12 and from the Broadbalk soils 
which contain more than 1 per cent. of calcium carbonate. 

On close inspection of the figures many differences are evident in 
the mode of attack of the various acids, which when followed up on 
a number of soils will provide information as to the forms in which 
the phosphoric acid of the soils is combined. The authors, however, 
wish in this communication to confine themselves to the question of 
which dilute acid yields results most in accord with the known 
history of the soils, and is therefore most likely to be useful in judging 
an unknown soil. 

(7). A few figures may be here inserted showing the effect of varia- 
tion in the strength of the acid used, and of additions of calcium 
carbonate to the soil. Dyer (Joc. cit.) has already given figures 
showing that an increase in the strength of the acid results in more 
phosphoric acid going into solution ; the authors’ results are in the 
same sense : 


Taste XII. 
Percentage of P,O; dissolved. 
Solvent. —-_--- -- -- 
Soil 7. | Soil A. 
Citric acid 0°2 normal .. ..............000000 00198 | 0°0424 
os RENE - sssccsncsvbsdsnerersieny 0°0133 0°0349 
i” WR IIE: locas bocnscasacetcicses 0°0084 0°0206 


Soil A does not appear elsewhere in this paper, but was chosen as 
one rich in phosphoric acid and calcium carbonate, but poor in 
organic matter, and thus a complete contrast to soil 7, 

Soil 7 was further mixed with varying amounts of calcium 
carbonate, obtained by grinding Iceland spar to a fine powder, and 
subjected to the action of citric, acetic, and carbonic acids, with the 
following results : 


136 HALL AND PLYMEN: THE DETERMINATION OF 


TABLE XIII. 


| Phosphoric acid. Potash. 
Soil 7. | — .——- a 
| Citric. | Acetic. | CO, | Citric. | Acetic. 
ii ssn sh. abbasenbbed 0°0133 | 00006 | 00011 | — — 
»» +2percent.calciumcarbonate| 0°0090 | 0°0009 | 0°0007 | 0°0148 | 0°00714 
- eo oa. a ra | 0°0056 | 0:0006 | 0:0009 | 0°0092 | 0°00706 
ae? . 6 is 0-0007 | 0-0007 0-0009 | 0-0092 | 0:00710 


These trials were not pushed further; the citric acid as it was 
neutralised by the calcium carbonate dissolved less and less phosphoric 
acid, until with 10 per cent. of calcium carbonate (more than is 
requisite for complete neutrality), the amount of phosphoric acid 
dissolved approximated to that dissolved by carbonic acid only. The 
solution effected by carbonic acid is independent of the calcium 
carbonate present, and that effected by acetic acid approximately so, 
because the liberated carbonic acid is an equally efficient solvent. 


Review of Result. 


(8). On reviewing the whole of the results, it seems very improbable 
that any distinction of kind can be drawn between “available” and 
“ non-available’’ compounds of phosphoric acid in the soil; that is, 
there is not a compound or group of compounds “available,” which 
can be wholly removed by the plant or dissolved by an acid before the 
remaining compounds are attacked. Were this the case, those soils 
which contain only a limited amount of “ available” phosphoric acid 
would yield all of it or none toa given solvent, and the strength of 
the solvent would be without influence on the result when the time 
limit is large. 

On the contrary, the amount of phosphoric acid dissolved varies 
with both the nature and strength of the acid. There is no reason 
for regarding the phosphoric acid dissolved by the citric acid solvent 
as the “ available” phosphoric acid in the soil rather than that which 
is dissolved by the acetic acid. 

A soil which contains much or little “available” phosphoric acid 
according to one acid would be rated in the same way by another acid, 
even when the absolute amounts dissolved are ten times as great in one 
case as in another. The individual acids possess a certain selective 
power for different combinations of phosphoric acid and attack the 
different types of soils with more or less vigour, but in the main the 
relative action of all the acids on all the soils is alike. 
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The phosphoric acid of a soil must not be looked on as existing in 
certain compounds A, B, ©, D, &c., of which A and B are insoluble and 
unavailable, C and D as “available” ; rather A, B, C, D, d&c., repre- 
sent compounds possessing in each soil a coefficient of solubility, vary- 
ing with the acid and with their own physical condition. The latter 
factor affects all the acids alike, and combined with the absolute 
quantity of the phosphoric acid in the soil determines the 
“available” phosphoric acid. The available phosphoric acid measured 
by a given acid depends on the coefficient of solubility possessed by 
the acid and the relative proportions of A, B, C, D, &., in the soil. 
As soils of the same type contain A, B, C, D, &c., in roughly the same 
proportion, the latter factor is eliminated and the amounts of available 
phosphoric acid from different soils as measured by any one of the acids 
will be proportional to the phosphoric acid which is really “ available,” 
so that all the acids will show roughly the same relations between the 
soils. 

Again, a soil may contain di- and tri-calecium phosphates, ferric 
and aluminium phosphates, and organic compounds of phosphorus 
like nuclein and lecithin; it would be no gain to discover a 
reagent which would dissolve the di- and tri-caleium phosphates 
only and leave the rest, for the physical conditions of these phosphates 
may render them less “available” to the plant than the other com- 
pounds of phosphorus present which happen to be in a favourable 
physical or mechanical condition for solution. 

On this view the hope must be abandoned of finding any particular 
acid which will dissolve out the “available” phosphoric acid and 
leave the rest ; in the results obtained by any acid, the factors are too 
numerous and variable to admit of exact discussion; because of its 
complexity, the method becomes empirical and the best acid is that 
which most accords with experience. 

(9). In forming a conclusion as to the most suitable solvent, three 
things should be taken into account : 

(a) The amount of phosphoric acid dissolved should show a wide 
variation in passing from soil to soil, so as to discriminate sharply 
between rich and poor soils. The largest quantity of phosphoric acid 
dissolved by strong hydrochloric acid from any one of the soils examined 
is 0°228 and the smallest 0°0727 per cent. ; other things being equal, 
variations of this order would not discriminate so well between the 
soils as the variations exhibited by citric acid, which lie between 0°051 
and 0:0029, or of acetic acid, which lie between 0-012 and 0:0003 per cent. 

(5) The amount of phosphoric acid dissolved from normal soils 
should be sufficient for exact estimation, so that the variations ex- 
hibited may be of a different order of magnitude from the experimental 
error, which is inevitably large. 
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(c) The variations in the amount of phosphoric acid dissolved should 
so follow the known history of the soils that the reaction of an un- 
known soil to phosphatic manures can be predicted from its analysis. 
For this reason, the action of the acid should not be markedly affected 
by other variable constituents in the soil, such as calcium carbonate 
and organic matter. 

Ammonium citrate fails to meet the last requirement; although 
when dealing with soils of one type, like the Broadbalk soils, its results 
fall into line with those given by the other solvents, yet with the 
other soils the indications provided by the analysis do not agree with 
experience. Soils 2, 7, and 8 yield comparatively large quantities of 
phosphoric acid to ammonium citrate solution and would be rated as 
sufficiently supplied with phosphoric acid, but 2 and 7 respond freely 
to phosphatic manures. Soils 4. and 6 yield more phosphoric acid than 
5, which is quite contrary to the crop results. 

These discrepancies are due to the solubility of the humus containing 
phosphorus compounds in the alkaline ammonium citrate solution, 
thus introducing material of a different order of solubility, and as 
the ammonium citrate solution offers no compensating advantages it 
may be dismissed as unsuitable. 

Hydrochloric acid presents many anomalies of attack; it has very 
little solvent power for phosphoric acid when dealing with soils 1—10 
which are poor in calcium carbonate ; for example, it can only dissolve 
00031 per cent. from soil 5, which is fairly provided with phosphoric 
acid as judged by the crop, whereas it can get 0°0021 per cent. from 
the unmanured plot at Rothamsted, and as much as 0°0167 per cent. 
from soil 11, the poorish chalky Wye soil which had been unmanured 
for 5 years. The Broadbalk plot 9a, which receives minerals and 
sodium nitrate, is rated very low; it yields only three times as much 
phosphoric acid as the continuously unmanured plot, and less 
than one-third as much as the corresponding plot 6, which receives 
ammonium sulphate instead of sodium nitrate. The dunged plot is 
also rated as inferior to the plots receiving minerals and ammonium 
salts. 

On the whole, the results obtained with hydrochloric acid are difficult 
to reconcile with experience, and present no features which would 
justify its recommendation in place of citric acid. 

Water charged with carbonic acid is so similar in its action to acetic 
acid, both in the relative and absolute amounts dissolved from the 
various soils, that the greater convenience of using the latter acid 
would cause it to be preferred. 

The choice thus becomes narrowed down to acetic and citric acids. 

Of these two, acetic acid better satisfies the first condition laid down 
above, the variations in the amounts dissolved are larger. With the 
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Broadbalk soils they range from 169 to 11:2, against 100 to 15-7 for 
citric acid (Table V). On the other soils they range from 1053 to 
26°3, against 512 to 35 for citric acid (Table XI). 

As regards the second criterion, the quantities of phosphoric acid 
dissolved by the acetic acid are very small, one-tenth to one-fifth of 
the amount dissolved by citric acid. The limit to be taken as 
indicating the need for phosphatic manuring would be about 0-002 
per cent., which means the determination of only 0°001 gram of 
phosphoric acid in the 500 c.c. of solution commonly employed. On the 
other hand, the acetic acid solution is the easier to manipulate, owing 
to the absence of iron, alumina, silica, and dissolved organic matter ; 
so that the experimental error is not likely to be greater than with 
citric acid, less indeed in unskilled hands. 

As regards the interpretation of the results, it is clear that all soils 
deficient in calcium carbonate,as 1—8, are rated very low by acetic 
acid. In such soils, much of the phosphoric acid is present as precipitated 
ferric and aluminium phosphates, which are left practically untouched 
by the acetic acid, yet there is no evidence that such phosphates are 
quite “ non-available” for the crop. Soil 5 is a case in point ; acetic 
acid dissolves only 0:001 per cent. of phosphoric acid, yet the crops on 
this soil find no great need of phosphates. The Broadbalk soils are 
very clearly differentiated by acetic acid, the doubtful point being the 
comparatively low position attached to 9a and 16, the nitrate plots. The 
position assigned to these two plots and to 5 in the other group makes 
it difficult to accept acetic acid as the most “ critical ” solvent. 

Considering the results yielded by citric acid, some difficulty of 
interpretation attaches to soils 2, 3, 7, and 8. 

Taking the limit of 0°01 per cent. of phosphoric acid suggested by 
Dyer, soils 7 and 8 are above the limit with 0°0133 and 0°021 per 
cent. respectively ; soil 3 is on the limit, and soil 2 is a little below 
with 0-0087 per cent. ; yet the field trials indicate a need of phosphates 
on soils 2, 3, and 7, probably on 8 also, although as an exceptional soil 
it is hardly comparable with the rest. 

Of all the soils examined, soils 2, 7, and 8 show the greatest loss on 
ignition ; 2 and 7 are old pastures, 8 is a made soil containjng leaf 
mould, and as citric acid dissolves some of the organic matter of soils, it 
is to this source that the high proportion of phosphoric acid yielded by 
these soils may be attributed. Probably the superior limit of 0-01 
per cent. of phosphoric acid, as indicative of the need of phosphatic 
manuring, requires revision when dealing with pastures and other 
soils rich in organic matter. 

The results yielded by soil 5 also require a little explanation ; the 
citric acid solution only dissolves 0°0082 per cent., yet the crops show 
no exceptional response to phosphatic manuring. The soil is a very 
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light sandy loam, typical of many of the soils derived from coarse, 
ferruginous sandstones of secondary age. It contains very little calcium 
carbonate (0°08 per cent.) and little organic matter (loss on ignition 
3°08 per cent.). The phosphoric acid must be largely present in this 
soil as ferric phosphate, and although citric acid is a better solvent than 
acetic acid in such cases, even the citric acid does not indicate all the 
phosphoric acid that seems to be “available” for crops. Gerlach (loc. 
cit.) has already indicated that typically sandy soils from which citric 
acid dissolves less than 0°01 per cent. of phosphoric acid may give 
little response to phosphatic manures. 

As regards the Broadbalk soils, the results yielded by citric acid are 
more in accord with our knowledge of the plots than those furnished 
by acetic and the other acids ; in particular the plots receiving nitrate 
9a and 16, though below all the others except the unmanured plot, are 
shown as still high above the limit which may be taken to indicate 
the need of phosphatic manuring. 

Reviewing the whole body of results, the authors consider the 1 
per cent. solution of citric acid gives results which are most in accord 
with the known history of the soils. On soils well provided with cal- 
cium carbonate all the acids tried give very similar relative results, but 
this type of soil is rarely in need of phosphatic manuring, and the 
practical question for which the analysis is performed, whether the 
soil is in need of phosphatic manuring or not, usually arises in the case 
of soils poor in calcium carbonate. 

From these soils, acetic acid can extract so little that it reduces them 
all to practicaliy the same level, whilst citric acid is able to dissolve the 
natural phosphates of iron and alumina in a manner more in accord 
with the natural attack of crops. 


II. Potasn REsvutts. 


Methods of analysis based upon the solvent action of weak acids 
must be even more empirical, when dealing with the potash in soils 
than with the phosphoric acid. Certain definite compounds of phos- 
phorus, such as the organic residues, the phosphates of the sesqui- 
oxides, the neutral and acid phosphates of calcium and magnesium, 
exist in the soil, and are, to some extent, differentially attacked by 
the various solvents, but the potash compounds are far more com- 
plex and indefinite. In addition to more or less weathered silicates, 
like felspar and glauconite, there are indefinite compounds formed 
when humus and clay withdraw potash from the solution produced 
by the weathering of potash minerals or the application of manures. 

Even the amount of potash dissolved by strong hydrochloric acid 
from a soil is a purely conventional figure, dependent on the strength 
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of the acid and the length of attack ; the Broadbalk soils, for example, 
yield about 0°5 per cent. of potash to strong hydrochloric acid, but 
the total potash contained in the soil from plot 5, as determined 
after breaking up the soil completely with ammonium fluoride, 
amounted to 2°26 per cent. 

The tables below show the results yielded by the soils from the same 
seven plots of the Broadbalk Field at Rothamsted, and by five other 
soils previously described ; the results are also set out graphically on 
p. 143 in the same manner (compare p. 131) as were the phosphoric 
acid results. 


TaBLE XIV. 


Potash—soils from Broadbalk Field. 


Plot. Manuring. Citric. HCl. Acetic. |Carbonic. — 
NN inane cnnspecanisuciini 0°0400 | 0°0684 | 0°0451 | 0°0380 | 0°453 
DB TING sis icc cscsccnsnszs 0°0043 | 0°0147 | 0°0082 | 0°0111 0°380 
ee er eee 0°0458 | 0°0522 | 0°0307 | 0°0215 | 0°463 
6 | Minerals 200 lb.ammonium 

a iat es 5 te 0°0322 | 0°0487 | 0°0271 | 0°0151 0°530 
7 | Minerals 400 lb. ammonium 
IE ics cede incnscee cuexbaasecss 0°0233 | 0°0464 | 0°0240 | 0°0091 0°500 
9a | Minerals 275 lb. sodium 
ON 0°0272 | 0°0414 | 0°0237 | 0°0238 | 0°440 
Minerals 800 lb. ammon- 


( ium salts......... 13 years 
16+ | Unmanured ...... 19 years }| 0°0203 | 0°0421 | 0°0184 | 0°0145 | 0°504 
| Minerals 550 lb. sodium 

DETHO ci svsesncss 10 years 


On examining the results yielded by the Broadbalk soils, it is 
noticeable that the amounts of potash dissolved by the different 
acids are very similar, much more so than with phosphoric acid. 
Citric acid dissolves ten times as much phosphoric acid as the water 
charged with carbonic acid, whereas hydrochloric acid, the mostenergetic 
solvent for potash, dissolves only about three times as muchas the weak - 
est, which is again carbonic acid. On the whole, each acid leads to the 
same conclusions with regard to the relative richness of the plots in 
“available” potash, but citric acid shows the widest variation in passing 
from plot to plot; the ratio of 2b, the dunged plot, to 3, the un- 
manured plot, is 9°3 : 1 for citric acid against 4°65: 1,5°5:1, and 3°4: 1 
for hydrochloric, acetic, and carbonic acids respectively. 

The results with the Broadbalk soils would indicate that the citric 
acid is the most “critical” solvent for “available” potash in the 
soil, 
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TaBLE XV. 


Potash dissolved by weak acids from other soils. 


| | | | 
| | iii | Loss | Water 

Soik | Citric. | HCl. | Acetic. |Carbonic. “HOLY | CaCO;. on lost at 
he 


ignition.| 100°. 


| 
| 
| 


11 | 0°0050 | 0°0480 | 0°0104 | 0°0176 | 0°390 | 4°59 4°08 2°06 
12 | 0°0093 | 0°0580 | 0°0156 | 0°0241 | 0°378 | 3°32 4°01 1°87 
4 | 0°0250 | 0°0113 | 0°0053 | 0°:0057 0313 | 0-01 4°74 3°13 


5 | 0°0110 | 0°0154° | 0°0059 | 0°0062 | 0°489 0°08 3°09 2°34 
13 | 0°0085 | 0°0178 | 00008 | 0°0079 | 0°592 | 0°02 12°53 13°04 


Of the other soils examined, 11 and 12 should be compared together 
as soils freely supplied with calcium carbonate, whereas soils 4, 
5, and 13 are notably deficient in this constituent. Soils 11 and 12 
are from the plots, side by side, on the same field, shown by experi- 
ment not to be particularly in need of potash manuring. No. 11 
had been cropped without manure for 5 years, during which time 12 
had received each year a general manure containing 1} cwt. per acre of 
potassium sulphate. All the weak solvents show 12 as richer than 11 
in “available”? potash, whereas the strong hydrochloric acid would 
make them practically alike. The difference between them is most 
sharply drawn by citric acid; it is also noticeable that citric acid 
shows both plots as comparatively poor in “available” potash, the 
other three acids would rate them as comparatively rich. 

Of the other three soils, field experiments have shown that 4, a 
strong clay, is in no need of potash manuring, but 5 and 13 gave very 
marked returns for potash dressings. Strong hydrochloric acid would 
make both 5 and 13 much richer in potash than 4; it dissolves 0°592 
and 0°439 per cent. respectively from 13 and 5, against 0°313 per cent, 
from soil 4. Dilute hydrochloric acid would also set soil 4 below 5 
and 13 in “available” potash, acetic and carbonic acids would rate 
them alike, the differences between the various results being of the 
same order as the experimental error. Citric acid alone draws a 
sharp distinction between the soils ; it dissolves 0°025 per cent. from 
4, and only 0°011 and 0°0085 per cent. respectively from the other two 
soils. 

The results with these five soils afford most striking evidence of the 
practical value of weak solvents as against extraction with a strong 
acid in judging of the requirements of a soil for a potash manure; at 
the same time, they indicate it may be necessary in the light of extended 
experience to adopt different limits for soils of different types, for 
example, soils rich or poor in calcium carbonate. 
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Of the four weak acids employed, the authors regard citric acid as 
furnishing results most in accord with the history of the soils exam- 
ined. 


Summary. 


The authors have compared the amounts of phosphoric acid that could 
be extracted from nineteen different soils by a 1 per cent. solution of 
citric acid, by equivalent solutions of hydrochloric acid and acetic acid, 
by a saturated solution of carbonic acid,and by an ammoniacal solution 
of ammonium citrate respectively. Seven of these soils were from plots 
on the Broadbalk Field, Rothamsted, which had been continuously 
manured in the same manner for forty-two years previously ; the re- 
maining twelve were soils of very varied origin, which had been the 
subject of crop experiments and whose reaction to phosphatic manuring 
was well marked. 

In the same seven soils from the Broadbalk Field, the authors deter- 
mined the potash extracted by the same dilute solvents, with the exception 
of ammonium citrate ; five other soils of different origin, whose response 
or otherwise to potash manuring had been tested by experiment, were 
also examined in the same way. 

Determinations were also made of the phosphoric acid and potash 
dissolved after long digestion with strong hydrochloric acid, of the loss on 
ignition, and of the earthy carbonates present in each soil. 

The authors conclude :—(1). That no sharp line -of distinction can 
be drawn between “available” and non-available phosphoric acid and 
potash in the soil, and that any process of determining the “ available ” 
constituents is an empirical one, dependent on the strength and nature 
of the acid used. 

(2). That the weak solvents give information as to the requirements 
of a given soil for mineral manures of a far more trustworthy nature 
than that which is afforded by such a solvent as strong hydrochloric 
acid. 

(3). That of the acids examined, the 1 per cent. solution of citric 
acid gives results most in agreement with the recorded history of the 
soil, although there is evidence that the same interpretation cannot be 
put on results obtained from ali types of soil. 
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X1V.—Oorydaline. Part VII. The Constitution of 
Corydaline. 


By James J. Dospie, M.A., D.Sc., and ALEXANDER LaupER, B.Sc. 


Tue results obtained by oxidising corydaline with potassium perman- 
ganate and nitric acid have been described in previous communications. 
In the present paper, some additional experimental details are given, 
and the whole of the results are discussed in their bearing on the con- 
stitution of the alkaloid. 

Attention has already been drawn to the resemblance which cory- 
daline bears to berberine (Trans., 1899,'75, 670). This resemblance is 
not merely superficial ; the two alkaloids probably differ only in some 
of the details of their structure. The comparison, however, must be 
drawn, not between corydaline and berberine, but between corydaline 
and tetrahydroberberine, or between dehydrocorydaline (which differs 
from corydaline by 4 atoms of hydrogen) and berberine. The con- 
clusion, based on the chemical investigation, that the two alkaloids are 
closely related, has been confirmed by an examination of their absorp- 
tion spectra, which we have found to be almost identical. The spectro- 
scopic results will form the subject of a separate communication. 

Corydaline has been analysed in recent years by various chemists, 
with results practically identical with those which we published in 
1892 (Trans., 61, 244; Freund and Josephi, Annalen, 1893, 277, 1; 
Ziegenbein, Arch. Pharm., 1896, 234, 492; Martindale, dbid., 1898, 
236, 214). From the analytical results, we deduced the formula 
C,,H,0,N, and Freund and Josephi the formula C,,H,,O,N. The 
latter is probably the correct formula. 

By the action of mild oxidising agents such as dilute nitric acid or 
iodine in alcoholic solution, 4 atoms of hydrogen are removed from 
the corydaline molecule and an intensely yellow base, dehydrocorydaline, 
C,.H,,0,N, is produced, from which, by reduction, an optically in- 
active modification of the alkaloid may be obtained (Ziegenbein, loc. 
cit. ; E. Schmidt, Arch. Pharm., 1896, 234, 489 ; Dobbie and Marsden, 
Trans., 1897, '71, 657). The ease with which corydaline can be oxi- 
dised to dehydrocorydaline, and dehydrocorydaline reduced to cory- 
daline, shows that these two substances are very closely related to one 
another. It will be remembered that berberine, which is a yellow base 
like dehydrocorydaline, and tetrahydroberberine, which resembles cory- 
daline in being colourless, can also be readily converted the one into the 
other. 

When corydaline is heated with a concentrated solution of hydrogen 
iodide, it is converted into a phenolic derivative containing four hydr- 

VOL. LXXXI. L 


| 
| 
| 


ee 


146 DOBBIE AND LAUDER: CORYDALINE. PART VII. 


oxyi groups, each molecule of corydaline yielding 4 molecules of 
methyl iodide. The alkaloid has therefore all its four oxygen atoms 
present in methoxyl groups (Trans., 1892, 61, 605). 

By oxidising corydaline with potassium permanganate at the boiling 
point, the chief products of oxidation are hemipinic and m-hemipinic 
acids : 


OMe 
OMe/ ‘oo, OMe(” Noo, H 
or a PS oH 
Hemipinic acid. m-Hemipinic acid. 


The presence of two benzene nuclei in the molecule is thus established 
(Trans., 1894, 65, 57; 1897, '71, 657; 1899, '75, 670). Along with 
the hemipinic acids, a small quantity of corydaldine is also obtained, 
the yield of which is considerably increased by conducting the oxida- 
tion at the ordinary temperature. a has been shown to 
have the following constitution, “me 9 Cs hood bf » which 
proves the presence of an isoquinoline ont in the alkaloid (Trans., 
1899, '75, 670). 

When nitric acid is used as the oxidising agent in place of perman- 
ganate, dehydrocorydaline is first produced ; one of the benzene nuclei 
is next destroyed, and the beautiful, yellow, dibasic corydic acid, 
C,,H,,O,N + 4H,0, formed. When corydic acid is in turn oxidised 
with permanganate at the boiling point, it is resolved into an in- 
soluble, colourless, tribasic acid, C,,H,,O,N, which we propose to term 
corydilic acid, a methylpyridinetricarboxylic acid, and m-hemipinic 
acid (Dobbie and Marsden, Trans., 1897, '71, 657). In the present 
paper, it is shown that the methylpyridinetricarboxylic acid has either 
the formula 


CO,H CO, H 
a \co, H 00,H/ \ 
co,H| _ /Me or CO,HL has /!Me 


Corydilic acid, on continued boiling with potassium permanganate, is 
gradually split up into a mixture of the methylpyridinetricarboxylic 
acid and m-hemipinic acid. 

These results afford a basis for the discussion of the constitution of 
corydic acid. This acid is derived from dehydrocorydaline by the 
destruction of one of the benzene nuclei, and since it yields m-hemipinic 
acid as one of its oxidation products, the nucleus which is destroyed 
must be that from which hemipinic acid is derived. The 2-methyl- 
pyridinetricarboxylic acid, which is also one of the oxidation pro- 
ducts of corydic acid, contains 6 atoms of carbon, exclusive of the 
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carbon atoms of the carboxyl groups. It cannot, therefore, be derived 
from the pyridine ring of the isoquinoline nucleus, since the investiga- 
tion of corydaldine has shown that this pyridine ring has no side chain 
attached to it. The 2-methylpyridinetricarboxylic acid represents, 
therefore, a second ring to which the nitrogen atom, as in the case of 
berberine, must be common. We thus arrive at the following formula 
for corydic acid : 


Fic. i~tnplle acid. 

This formula accounts for the relation of the molecular formula of 
corydic acid to that of dehydrocorydaline ; for the presence of the two 
carboxyl groups, and for the formation, on oxidation, of corydilic acid, 
the 2-methylpyridinetricarboxylic acid, and m-hemipinic acid. The 
formation of the last-named acid establishes the position of the 
methoxyl groups. There is no direct experimental evidence to prove 
that the positions of the carboxyl groups are those which we have 
assigned to them, rather than the positions 4 : 5, but we shall presently 
state our reasons for introducing a direct’ link between the carbon 
atoms 2 and 5, which limits the carboxyl groups to the positions shown 
in the formula. 

The formula (2), which we have assigned to dehydrocorydaline 
follows from that of corydic acid. Perkin’s formula for berberine is 
placed side by side for comparison (Perkin, Trans., 1889, 55, 63) : 


f, ‘\oMe fe oMe 
me i_e 
AAwE AN) 
OMe/,, || 10 CH.<O iv | ut lq 
‘\/ yy , W\7? 
Fic. ee ae Fic. 3.—Berberine. 
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Fic. 5.—Tetrahydroberberine. 
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Corydaline differs from dehydrocorydaline in containing four more 
atoms of hydrogen. Having regard to the great ease with which . 
corydaline can be oxidised to dehydrocorydaline and the latter 
substance reduced to corydaline, it may be assumed that we have to 
do here with a group similar to that which exists in certain anthracene 
and acridine derivatives, and such as Perkin has assumed to be pre- 
sent in berberine. The existence of a double bond between the carbon 
atoms 5 and 6 and of a direct bond between the carbon atoms 2 and 5 
in ring II of the formula for dehydrocorydaline (Fig. 2) would explain 
the ease with which the one substance passes into the other. 

The formula proposed for corydaline, (Fig. 4), explains the reac- 
tions and accounts for the formation of all the derivatives of the 
alkaloid which have been examined. By oxidation, the rings, which 
for convenience of reference we have numbered I and IV on the 
diagram, would yield hemipinic and m-hemipinic acids respectively, and 
ring II methylpyridinetricarboxylic acid. Corydaldine, C,,H,,O,N 
(Fig. 6), containing rings III and IV, would result from the oxidation 
of corydaline in the same way as w-aminoethylpiperonylcarboxylic 
anhydride (Fig. 7) results from the oxidation of berberine : 


CO,H 

A , (Qooet 

ome wt on OE ome 
Wi? W\f~? (OMe 

if, Hf, \/ \co,H 

Fic. 6.—Corydaldine. Fic. 7.—w-Aminoethyl- Fic, 8.—Corydilic acid, 
piperonyl carboxylic 
anhydride. 


Corydic acid (Fig. 1) would be formed by the destruction of ring I, 
and corydilic acid (Fig. 8) from corydic acid by the oxidation of 
ring III. 

If our formule are correct, they incidentally prove that Perkin’s 
formula, which we have quoted, is to be preferred to the alternative 
formula suggested by him for berberine, in which the carbon atoms 
2 and 5 are connected by a double bond, because, on account of the 
presence of the methyl group in dehydrocorydaline, no double bond 
is possible between the carbon atoms 2 and 5, and if a double bond 
existed in berberine in this position the very close resemblance between 
the two substances would not be satisfactorily explained. 

When the decomposition products of berberine are compared with 
those of corydaline, a close parallelism is observed between them. Both 
alkaloids yield hemipinic acid as a derivative of ring I. From rings 
IIT and IV, w-aminoethylpiperonylcarboxylic anhydride is obtained in 
the case of berberine, just as corydaldine is obtained from the corre- 
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sponding rings of corydaline. Ring IV of berberine yields hydrastic 


acid : 
on.<0/ 00H 
2 ol 00,H ’ 
A 


the corresponding decomposition product of corydaline being m-hemi- 
pinic acid. The oxidation product obtained from ring II is of special 
interest in the case of both alkaloids. Weidel (Ber., 1879, 12, 410), 
by oxidising berberine with strong nitric acid, obtained as chief oxida- 
tion product berberonic acid : 


We have also obtained the same acid from a new derivative of ber- 
berine, which is described in another communication. In discussing 
the constitution of berberine, Perkin does not take into account the 
occurrence of berberonic acid amongst its decomposition products. It 
is clear, however, that its occurrence affords important confirmation of 
the correctness of his formula, since it would result from ring IT by 
the oxidation of the attached rings I and III, but could not result 
from ring III, which would yield cinchomeronic acid. There is thus 
direct evidence in the case of berberine, as well as in the case of 
corydaline, of the existence of a fourth closed chain in the molecule 
of the alkaloid. It is remarkable that both in the case of berberine 
and of corydaline, ring II is the more stable of the rings to which the 
nitrogen atom is common, From neither alkaloid has any acid corre- 
sponding to ring III been obtained. A further instance of the com- 
parative ease with which ring III in corydaline is broken up is afforded 
by the formation of corydilic acid from corydic acid. 

Whilst our formula for corydaline satisfactorily accounts for the 
similarity between this alkaloid and berberine, it also explains the 
absence from amongst the decomposition products of corydaline of 
derivatives corresponding to berberal, C,)H,,O,N, berberilic acid, 
C.)H,J0,N, oxyberberine, C,,H,,0,N, é&e., all of which have an atom 
of oxygen attached to the carbon atom 2 of ring II. On account of 
the presence of the methyl group in combination with the correspond- 
ing carbon atom in corydaline, it would be impossible for an oxygen 
atom to occupy this position in similar derivatives of corydaline. On 
the other hand, the formation of corydic acid from corydaline suggested 
that it might be possible to obtain a similar acid from berberine. We 
show in a separate communication that by the oxidation of berberine 
with dilute nitric acid such an acid is readily produced. 

One further point remains to be dealt with, the stability of the 
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methyl group in ring II. With the exception of the pyridinetetra- 
carboxylic acid (see below), all the oxidation products in which ring IT 
is present, so far examined by us, contain this group. This is not 
remarkable when it is recalled that prolonged treatment with 
potassium permanganate in alkaline solution is required for the 
preparation of 2:3:4:6-pyridinetetracarboxylic acid, either from 
2:4:6-trimethylquinolinecarboxylic acid (Michael, Annalen, 1884, 
225, 121) or from flavinol (Fischer and Tauber, Ber., 1884, 1'7, 2925). 
When, however, large quantities of corydaline are oxidised it might 
be expected that small quantities of a monocarboxylic acid should 
be obtained. We believe that we have had such an acid in our hands. 
In our earlier experiments, in which several hundred grams of cory- 
daline were oxidised with potassium permanganate at the boiling 
point, a small quantity (about 15 grams) of a colourless nitro- 
genous acid which crystallised in tufts of delicate, silky needles and 
melted sharply at 156° (Trans., 1895, 67, 17) was obtained. We 
were only able to make a slight examination of this substance. A 
nitrogen determination gave a result agreeing with that required by 
the formula C,,H,,0,N*CO,H (nitrogen, found, 3°55 ; calculated, 3°50 
per cent.). A determination of the methoxyl groups by Zeisel’s 
method showed that the four methoxyl groups present in corydaline 
were also present in this acid, and the analysis of a silver salt showed 
that the acid possessed a high molecular weight. 

We leave over for the present the full discussion of the relation be- 
tween the constitution and the colour of some of the corydaline deriva- 
tives. The further investigation of the products obtained by the 
oxidation of corydic acid with potassium permanganate at the 
ordinary temperature, described below, promises to throw further 
light on this question. It may, however, be mentioned now that the 
colour seems to depend on the presence of rings II and ITI, since only 
the derivatives which contain these rings are coloured. 


EXPFRIMENTAL. 


The oxidation of corydic acid with potassium permanganate (Dobbie 
and Marsden, Trans., 1897, '71, 657) has been repeated on a larger 
scale, and the results already published have been confirmed; the pro- 
ducts of oxidation are corydilic acid, C,,H,N(O*CH,),(CO,H),, a methyl- 
pyridinetricarboxylic acid, C,H,O,N, and m-hemipinic acid. 


Examination of the Methylpyridinetricarboxylic Acid. 


This acid can be obtained, not only by the oxidation of corydic acid 
with permanganate, but also by the oxidation of corydaline with strong 
nitric acid in the manner followed by Weidel in the preparation of 
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berberonic acid from berberine (Ber, 1879, 12, 410). The yield by 
this method is, however, unsatisfactory. The analysis and general 
properties of this acid have already been given (Trans., 1897, '71, 657). 
The copper salt, obtained by adding copper acetate to a neutral solution 
of the acid is blue in colour, and not yellow, as previously stated. This 
acid is undoubtedly a methylpyridinetricarboxylic acid, as is shown by 
its analysis and the analysis of its salts, but it is not identical with 
any of the known acids of this constitution. Freund and Josephi 
(Annalen, 1893, 277, 10), from the similarity in behaviour of methy]l- 
corydaline and hydrohydrastinine, inferred that corydaline, like 
hydrastine, contains a methyl group attached to the nitrogen atom. 
By heating the acid with sodium amalgam, we failed to obtain any 
evidence of the formation of methylamine, and concluded from this 
that the methyl group was not attached to the nitrogen atom, as 
Freund and Josephi suggested. This conclusion was confirmed by the 
investigation of corydaldine which has no methyl group attached to its 
nitrogen atom. Further, Herzig and Meyer (Monatsh., 1897, 18, 385) 
showed that there are only four methyl groups altogether in corydaline 
which can be split off by the action of hydrogen iodide, and since we 
have shown that there are four methoxyl groups, there can be no 
methyl in union with the nitrogen atom. 

The methylpyridinetricarboxylic acid is an exceedingly stable sub- 
stance and can be boiled for some time with a dilute solution of 
potassium permanganate without undergoing any appreciable amount 
of oxidation. When, however, it is dissolved in excess of potassium 
hydroxide and a solution of potassium permanganate added, it slowly 
undergoes oxidation, the operation requiring from eight to nine days at 
the temperature of the water-bath for completion. Two experiments 
were made, one with 3 grams and the other with 2 grams of the 
acid. The excess of permanganate was reduced, the alkaline solution 
filtered, neutralised with nitric acid and treated with calcium nitrate 
to remove a small quantity of oxalic acid which had been formed. 
After filtering from the precipitated calcium oxalate, the solution was 
treated with lead acetate and the precipitate filtered off and washed. 
On decomposing this precipitate with hydrogen sulphide, a strongly 
acid solution was obtained, which on evaporation yielded a residue 
very soluble in water and insoluble in alcohol. This residue contained 
inorganic matter. Its solution was found to give an insoluble salt 
with copper acetate which remained undissolved even when heated with 
acetic acid. It was therefore precipitated with copper acetate with 
the object of removing the inorganic matter, the blue copper preci- 
pitate filtered, well washed first with strong acetic acid and then with 
water, and decomposed with hydrogen sulphide. The acid obtained 
from the filtrate was still found, however, to be contaminated with a 
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small quantity of inorganic matter, from which by reprecipitation 
we were unable completely to purify it. We were thus unable to get 
an accurate determination of the melting point or a specimen of the 
acid in a sufficiently pure state for analysis. 

So far as the qualitative examination was concerned, the acid 
showed all the properties and gave all the reactions of 2:3:4:6- 
pyridinetetracarboxylic acid obtained by Michael (Annalen, 1884, 
225, 121) from 2:4:6-trimethylquinolinecarboxylic acid, and by 
Fischer and Tiuber (Ber., 1884, 1'7, 2925) from flavinol. It agreed 
with this acid in being very easily soluble in water and very 
sparingly so in alcohol; in giving with ferrous sulphate a dark 
cherry-red colour, and with ferric chloride a yellow precipitate. 
With calcium chloride, the free acid gave no precipitate, but with 
barium chloride a copious white precipitate. The copper salt, as 
already mentioned, was insoluble even in boiling acetic acid. The 
silver salt on ignition decomposed suddenly, swelling up and filling the 
crucible with reduced silver which resembled a mass of tea leaves, 
exactly as described both by Michael and by Fischer and Tiuber. 

Further information as to the identity of the oxidation product of 
the methylpyridinetricarboxylic acid was obtained by boiling it with 
strong acetic acid. When 2:3:4:5-pyridinetetracarboxylic acid is 
heated at 160°, 3:4:5-pyridinetricarboxylic acid is obtained, and 
2:3:5:6-pyridinetetracarboxylic acid decomposes at 150° into 3: 5- 
pyridinedicarboxylic acid. In both cases, the carboxyl groups which 
are eliminated are adjacent to the nitrogen atom. It was therefore 
to be anticipated that, under similar treatment, the tetracarboxylic 
acid obtained by the oxidation of the methylpyridinetricarboxylic acid 
would yield cinchomeronic acid by the elimination of the carboxyl 
groups 2 and 6, if we had rightly identified it. As a matter of fact, 
we found that cinchomeronic acid was produced by boiling with acetic 
acid, and identified without difficulty. The tetracarboxylic acid was 
boiled for some time with strong acetic acid and the solution evaporated 
to dryness. The residue was insoluble in cold and only dissolved with 
difficulty in hot water. The aqueous solution deposited the acid on 
cooling in colourless, prismatic crystals, which after purification by 
recrystallisation melted at 260°. The acid was insoluble in chloroform, 
almost insoluble in ether, and only very slightly soluble in alcohol, It 
gave no reaction with ferrous sulphate or with ferric chloride. Silver 
nitrate and lead acetate gave white precipitates when added to its 
aqueous solution. Calcium and barium chlorides gave no precipitate 
even on the addition of ammonia, The copper salt was more soluble 
in cold than in hot water and was precipitated by warming a cold 
aqueous solution ; the precipitate redissolved again on cooling. The 
last reaction which is characteristic of cinchomeronic (pyridine-3 : 4- 
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dicarboxylic) acid, taken in conjunction with the melting point, solu- 
bility, and the reactions above described, left no doubt as to the identity 
of the acid which we had obtained. Cinchomeronic acid might be 
formed either from pyridine-2 : 3 : 4 : 5-tetracarboxylic acid or -2 : 3 : 4: 6- 
tetracarboxylic acid, by the elimination of the carboxyl groups 2 and 5 
or 2 and 6 respectively. It could not be derived from the 2:3: 5:6- 
acid. The tetracarboxylic acid which we obtained not only agreed in 
every respect with the 2:3: 4: 6-acid, but differed from the 2 : 3:4: 5- 
isomeride in giving no precipitate with zinc sulphate in neutral solu- 
tion. The difficulty of removing inorganic matter from the tetra- 
carboxylic acid which we obtained is characteristic of the 2:3:4:6- 
acid. 

The methylpyridinetricarboxylic acid from corydaline must there- 
fore have one or other of the following formule (Figs. 9 and 10) : 


CO,H CO,H 
( ‘oo, H CO, * 
CO,H| Me CO;H\ Me 
Fic. 9. Fie. 10. 


The position of one of the carboxyl groups must be adjacent to the 
nitrogen atom, since it follows that, when the isoquinoline nucleus 
is destroyed in the formation of methylpyridinetricarboxylic acid, 
the carbon atom 1, next to the nitrogen atom, must have a carb- 
oxyl group attached to it representing carbon atom 9, which is common 
to the benzene and pyridine rings of the dsoquinoline nucleus (see 
Fig. 2). 

The two remaining carboxyl groups must represent one of the rings 
of the corydaline molecule which has been destroyed by oxidation and 
must therefore occupy positions adjacent to one another. 

The position of the methyl group is fixed by the following consider- 
ations. It cannot occupy the position 4, because, in that case, the 
only arrangement possible would be [CH, :(CO,H),=4:2:5:6]. This 
acid is known, and is not identical with the acid under investigation. 
The position 3 is likewise excluded, since, in that case, the tetracarb- 
oxylic acid obtained on oxidation would be [(CO,H),=2:3:4:5 or 
2:3:5:6], having regard to the fact that two of the carboxyl radicles 
represent a ring destroyed by oxidation, and must therefore be adjacent 
to one another. By similar reasoning, position 5 is excluded; the 
methyl group must therefore occupy the position which is assigned to 
it in the formula. It is shown earlier in this paper that the methyl- 
tricarboxylic acid is probably [CH, : (CO,H),=2:3:4:6], but we have 
no direct experimental evidence which enables us to decide between 
this formula and [CH, : (CO,H),=2:4:5:6]. 
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Examination of Corydilic Acid, C,.H,N(O*CH;),(CO,H),. 


The analysis and description of this acid have already been published 
(Dobbie and Marsden, Trans., 1897, '71, 657). Corydilic acid is obtained 
along with m-hemipinic and 2-methylpyridinetricarboxylic acids when 
corydic acid is oxidised with potassium permanganate at the boiling 
point. From the former it is easily separated, but it is more difficult 
than we at first supposed to free it entirely from the latter. Repeated 
recrystallisations are necessary to effect complete purification. This 
explains why the specimens which we analysed gave results slightly 
lower than the theoretical numbers. In addition to the reactions 
already described for this acid, we have made the following observations, 
Its aqueous solution gives no reaction with ferrous sulphate or ferric 
chloride, and no precipitate with barium chloride, calcium chloride, 
cadmium chloride, or copper acetate, even in presence of ammonia. 
From alkaline solution, corydilic acid is precipitated by the addition of 
excess of strong hydrochloric acid. If, however, the alkaline solution 
is exactly neutralised with. dilute hydrochloric acid, no_ precipitation 
takes place, and a slight excess of hydrochloric acid may be added with- 

ut causing the acid to separate. The solution so obtained has a faint 
green colour, and on standing, sometimes deposits pale, greenish- 
yellow crystals, which apparently consist of a hydrochloride of the 
acid. The crystals are very unstable, and decompose on the addition 
of water, leaving a residue of corydilic acid. Owing to its instability, 
we were unable to get this substance in a fit condition for analysis. 


Oxidation of Corydilic Acid with Potassium Permanganate. 


Corydilic acid is very stable, but on heating for several hours with 
potassium permanganate in alkaline solution it gradually undergoes 
oxidation. The acid employed was carefully purified from every trace 
of the methylpyridinetricarboxylic acid. About 6 grams of the pure 
acid were oxidised in quantities of 2 grams ata time. After removal 
of the manganese oxides, the alkaline solution was concentrated and 
precipitated with lead acetate. This precipitate, on decomposition 
with sulphuretted hydrogen, yielded a mixture of acids, which, on separ- 
ation by fractional crystallisation, was found to consist of undecom- 
posed corydilic acid, m-hemipinic acid, and the 2-methylpyridinetri- 
carboxylic acid. The two latter acids were compared with specimens 
prepared directly from corydaline and found to agree in every respect. 

It has already been shown that corydilic acid is tribasic, and that it 
contains two methoxyl groups. The following formula explains its 
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formation from corydic acid as well as all the facts connected with its 
decomposition products: 


Oxidation of Corydic Acid with Potassium Permanganate at the 
Ordinary Temperature. 


Corydic acid was suspended in cold water and about twice its weight 
of potassium permanganate added in aqueous solution in small quanti- 
ties at a time. The alkaline solution was precipitated with silver 
nitrate and the precipitate decomposed with sulphuretted hydrogen in 
the usual way. The filtrate, on evaporation, deposited a bright yellow 
acid which, after purification by repeated recrystallisation from water, 
melted at 212—215°. This acid is anhydrous, and differs from corydic 
acid in being more soluble in cold water and in giving a precipitate 
with silver nitrate in neutral solution. It was dried at 100° and 
analysed, with the following results : 


0°2503 gave 0°5506 CO, and 0°1207 H,O. C=59°99; H=5-36. 

02086 ,, 04621 C0, ,, 0°0990 H,0O. C=60°42; H=5-27. 

0:2748 ,, 10°6 c.c. nitrogen at 16° and 758mm. N=4'55. 
C,,H,,O,N requires C= 60°18 ; H=5°33 ; N=4°39 per cent. 


This acid is dibasic and forms both a normal and an acid silver salt. 
Its precise relation to corydic acid is still under investigation. 

We have limited our investigation of corydaline derivatives and de- 
composition products to those substances which seemed most important 
for the determination of the constitution of the alkaloid, as the ex- 
pense entailed has been very heavy. For the same reason, our account 
of some of the substances actually described is less complete than we 
could have wished. We hope in a future paper to supplement the 
information on some of the more important points which require 
fuller elucidation. 


We have to express our best thanks to the Society for the liberal 
assistance granted to us from the Research Fund, and to Prof. W. H. 
Perkin, jun., for kindly giving us specimens of the decomposition pro- 
ducts of berberine for comparison with those of corydaline. 


UNIVERSITY CoLLEGE OF NorTH WALES, 
BANGOR. 
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XV.—The Relationship of Corydaline to Berberine. 
Berberidic Acid. 


By James J. Dosis, M.A., D.Sc., and ALexanperR Lauper, B.Sc. 


Perkin (Trans., 1890, 57, 992) has proposed the following alternative 
formule for berberine, expressing the opinion that (I) is the more 
probable of the two: 


/ Nome f ‘ome 
A //0Me Ame 
IN ISS] 
o7 \/ SN” o4 \Z \NZ 
CH<o| Iw CH ol \ is 
H, H, 


In the preceding paper, we have shown that the constitution of 
corydaline can be represented by a formula similar to I, and assum- 
ing the correctness of this formula for corydaline, that the absence 
of compounds corresponding to berberal, C,,.H,,0,N, berberilic acid, 
C.»H,,0,N, &c., from amongst the decomposition products of cory- 
daline is explained.* 

Whilst the absence of certain decomposition products is satisfactorily 
accounted for, the similarity of the formule assigned to the two 
alkaloids suggested the possibility of obtaining from berberine an acid 
corresponding to corydic acid, and, as a matter of fact, we found no 
difficulty in preparing the expected acid by a method similar to that { 
used in the preparation of corydic acid. For convenience of reference, 
we shall provisionally term the substance so obtained berberidic acid. 

Ten grams of berberine nitrate were suspended in two litres of dilute 
nitric acid (1 in 20) and heated at the temperature of the water-bath 
until completely dissolved. When the solution cooled, a small quantity 


Se eee 


of the new acid was deposited as a yellow, crystalline precipitate. This 
was filtered off, the solution neutralised with ammonia, concentrated, 
and precipitated with silver nitrate. The silver precipitate was decom- 
posed with sulphuretted hydrogen and the acid separated by fractional 
crystallisation from a more soluble substance not yet examined, which 
was formed along with it. In crystallising the acid, a considerable 
amount of tarry matter separated out. The acid was finally freed 
from this and obtained in a pure state by dissolving in sodium hydr- 
oxide and precipitating with hydrochloric acid. In later preparations, 


* For further comparison of berberine with corydaline, see preceding paper. 
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the purification was greatly facilitated by fractional precipitation with 
silver nitrate, the first fraction carrying down most of the tar. The 
subsequent fractions were light in colour and practically pure. The 
yield of purified acid amounted to about 20 per cent. of the berberine 
nitrate used. Berberidic acid crystallises from water in radiating tufts 
of yellowish-brown, prismatic crystals, which have a pure yellow colour 
when powdered. It contains no water of crystallisation. When 
heated in a capillary tube, it darkens at about 235° and remains 
without further change, so far as can be seen, until 285°, when it 
melts with decomposition. It was dried at 100° and analysed, with 
the following results : 


0'2637 gave 05925 CO, and 0:0866 H,O. C=61:28; H=3°61. 
02831 ,, 0634400, ,, 0:0917H,O. C=61:12; H=3-59. 
0°3243 ,, 13:0 cc. nitrogen at 16° and 7615 mm. N=4°75. 
0:2808 , ll0cc. , 13° ,, 751 mm, N=4-63, 
C,,H,,0,N requires C=61:34; H=3:51 ; N=4:47 per cent. 


Berberidic acid is insoluble in cold and only sparingly soluble in 
boiling water. It is very sparingly soluble in boiling alcohol and in- 
soluble in ether or chloroform. It dissolves easily in sodium hydroxide 
to a dark blood-red solution, from which it is precipitated by hydro- 
chloric acid, 

Berberidic acid is dibasic. All its salts, with the exception of the 
two silver salts, appear to be soluble. The normal silver salt is 
obtained by precipitating a solution of the acid, which has been 
neutralised with ammonia, with silver nitrate. A curdy, yellow pre- 
cipitate is obtained, which darkens on exposure to light. This salt was 
repeatedly prepared and analysed without exact results being obtained, 
owing, apparently, to admixture with the acid salt. 

The acid silver salt is prepared by precipitating an aqueous; solution 
of the acid with silver nitrate. The curdy precipitate so obtained is 
filtered, washed, and purified by repeated recrystallisation from water. 
It is finally obtained in stellate clusters of beautiful, yellowish-brown 
needles. On heating, it decomposes suddenly with evolution of thick, 
brown vapours. After being dried at 100°, it was analysed with the 
following results : 

0:2470 gave 0°0828 AgCl. Ag=25-23. 


02616 ,, 00655 AgCl. Ag=25-04. 
C,,H,)O,NAg requires Ag = 25°71 per cent. 


When berberidic acid is heated with concentrated hydrogen iodide 
solution, no methyl iodide is evolved, a fact which proves that in the 
formation of this acid the ring of the berberine molecule containing 
the methoxyl groups is destroyed. 
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Oxidation of Berberidic Acid with Potassium Permanganate.—Five 
grams of berberidic acid were boiled “with a dilute solution of per- 
manganate until the permanganate was no longer reduced. The 
solution was filtered from the manganese oxide, concentrated, and pre- 
cipitated with silver nitrate. The silver precipitate was decomposed 
with sulphuretted hydrogen and the filtrate from the silver sulphide 
evaporated to dryness. The residue was repeatedly exhausted with 
hot absolute alcohol, in which a considerable part of it dissolved. The 
portion of the residue insoluble in hot alcohol dissolved readily in 
boiling water, from which it separated on cooling in prismatic crystals. 
The acid so obtained was decolorised by boiling with charcoal and 
purified by repeated recrystallisation from water. It melted at 235° 
or 242°, according to the rate of heating. It dissolved with difficulty 
in cold, but was readily soluble in boiling, water; it was insoluble in 
ether or chloroform. Its aqueous solution gave an orange-red colora- 
tion with ferrous sulphate. The acid agrees in every particular with 

CO,H 


: —- \co,H .,: 
erberonic acid, | , which was obtained by Weidel (Ber., 
00,8 } 


1879, 12, 410) by the direct oxidation of berberine with concentrated 
nitric acid. The melting point of berberonic acid is variously given at 
238—.242°. 

The normal silver salt, which is almost insoluble in water, was pre- 
pared by precipitating a solution of the acid, previously neutralised 
with ammonia, with silver nitrate. After being dried at 100°, it was 
analysed with the following result : 


02978 gave 01798 Ag. Ag=60°38. 
O,H,O,NAg, requires Ag = 60°88 per cent. 


The presence of hydrastic acid amongst the decomposition products 
of berberidic acid has not yet been proved. By dissolving berberidic 
acid in potassium carbonate and oxidising it with potassium perman- 
ganate at the ordinary temperature, a small quantity of a substance 
was obtained as a scum on the surface of the strongly alkaline solu- 
tion. From its insolubility in potash, we suspected that this sub- 
stance might be w-aminoethylpiperonyl carboxylicanhydride, which 
is insoluble in alkaline solutions. On examination, we found that 
it agreed in every particular with the anhydride in its neutral 
reaction, solubility, peculiar mode of crystallisation, and behaviour 
with mercuric chloride. As the amount of substance obtained was 
too small to admit of complete purification, the melting point observed 
was slightly lower than that given by Perkin. 

Berberidic acid clearly bears the same relation to berberine that 
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corydic acid bears to dehydrocorydaline. Since it contains no methoxyl 
groups, it follows that the ring of the berberine molecule which yields 
hemipinic acid is destroyed in its formation. The occurrence of 
w-aminoethylpiperonylcarboxylic anhydride and berberonic acid amongst 
its oxidation products proves that it contains the three remaining 
rings and that its constitution may therefore be expressed by the 
formula : 


By oxidising berberidic acid with potassium permanganate at the 
ordinary temperature, a yellow derivative is obtained like that obtained 
from corydic acid by similar treatment. 

As berberine, unlike corydaline, can be obtained at comparatively 
low cost, we have undertaken a more thorough investigation of ber- 
beridic acid, which we hope will throw further light on the constitu- 
tion of both alkaloids, and especially on the relation between the 
constitution and colour of some of their derivatives. 


UNIVERSITY CoLLEGE oF NorTH WALEs, 
BANGOR. 


XVI.—Studies in the Camphane Series. Part VI. 
Stereoisomeric Halogen Derivatives of a-Benzoyl- 
canvphor. 


By Martin Onstow Forster and Frances M. G. MIckietruwait. 


In accordance with its unsaturated character, 1-hydroxy-2-benzoyl- 
camphene, the enolic form of a-benzoyleamphor, immediately decolorises 
a solution of bromine in an indifferent solvent. At the same time 
hydrogen bromide is eliminated, and if one molecular proportion of the 
halogen is employed, the crystalline residue obtained on evaporating 
the liquid has the empirical formula of benzoylbromocamphor. There 
is no difficulty, however, in resolving this product into two distinct 
substances which, although isomeric and nearly alike in chemical 
behaviour, are widely different in physical properties. The more 
soluble constituent of the mixture crystallises from alcohol in six- 
sided prisms, ‘melts at 114°, has [a], —10°0° in benzene, and [a], 
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+10°3° in chloroform; the isomeride is deposited from alcohol in 
rectangular plates, melts at 214°, has lo} —53°2° in benzene, and 
[a]p -—19°3° in chloroform. 

The method of preparation, the fact that nebthat substance dissolves 
in alkalis, and the transformation of both isomerides into 1-hydroxy-2- 
benzoyleamphene by the action of alcoholic potash, are circumstances 
which point to the conclusion that the compounds in question are a-bromo- 
derivatives of a-benzoylcamphor, and that their physital differences are 
the result of a difference in configuration. Theoretical considerations, 
moreover, led us to expect the formation of two derivatives displaying - 
isomerism of the cistrans-type, as indicated by the following formule 
(compare Lowry, Trans., 1898, '73, 572): 


C,H, 


C-CO-0,H, 77 
CH.<0.0n 


It is evident that a similar explanation would account also for the 
production of two isomerides from enolic benzoyleamphor in the event 
of that substance being shown to have the alternative formula, namely, 

:C(OH):C,H, 
that of phenylhydroxymethylenecamphor, 0,H,,< » & 
possibility which is not yet excluded. 

Several instances of this form of isomerism in the camphor series 
have now been established. Leaving aside the somewhat uncertain 
cases of the morohalogen derivatives of camphor, there remain the 
isomeric chlorobromocamphors, chloronitrocamphors, and bromonitro- 
camphors investigated by Lowry (Trans., 1898, '73, 569 and 986), 
and the benzylbromocamphors described by Haller and Minguin 
(Compt. rend., 1901, 133, 79). Up to a certain point, the case of the 
benzoylbromocamphors resembles those of the four derivatives men- 
tioned, the difference between the two forms being, however, greater 
than has been observed hitherto ; but an important feature distinguishes 
it from those already described. 

In dealing with the isomeric chlorobromocamphors, Lowry records 
unsuccessful attempts to convert a-chloro-a-bromocamphor into 
a-chloro-a’-bromocamphor by the action of heat and of acids (Trans., 
1898, '78, 581). Neither in his subsequent.communication nor in the 
paper of Haller and Minguin (/oc. cit.) is it stated that the chloronitro- 
camphor, bromonitrocamphor, or benzylbromocamphor of lower melting 
point can be transformed into the corresponding isomeride, and it is 
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probable therefore that the change cannot be effected or it would 
have been observed. It is in this respect that the benzoylbromo- 
camphors differ from the foregoing disubstituted a-derivatives, for the 
compound having the lower melting point is readily converted into 
the isomeride by the action of hydrogen bromide. 

This transformation is the first recorded instance of stereoisomeric 
change on the part of a disubstituted derivative of camphor in which 
both substituents occupy the a-position. It has therefore a direct 
bearing on the explanation given by Marsh in accounting for the 
unstable character of a specimen of bromocamphor which is described 
as melting at 61° (Trans., 1890, 5'7, 832 ; compare also Lowry, Trans., 
1898, '73, 572). The validity of the explanation in question depends on 
the formation of an intermediate isomeride, which represents the enolic 
modification of the material transformed, and, in the case discussed by 
Marsh, would have the formula O,H,, .. 
described in this paper have led us to consider this explanation 
improbable. In the first place, it cannot be applied to derivatives of 
camphor of the class to which benzoylbromocamphor belongs, and 
secondly, there seems to be no need for any explanation so complex, 
several cases of stereochemical transformation being known in which 
there is no room for any structural change to occur. 

In general features, the benzoylchlorocamphors resemble the 
corresponding bromo-derivatives very closely, the two modifications 
which melt at 88° and 219° displaying similarity as regards solubility 
and crystalline form when compared respectively with the bromo- 
derivatives melting at 114° and 214°. It is noteworthy, however, that 
we have been hitherto unable to convert one isomeride into the other. 
Moreover, the action of sodium hypochlorite on enolic benzoylcamphor 
gives rise to a preponderating quantity of the benzoylchlorocamphor © 
of the lower melting point, whilst the benzoylbromocamphor of the 
higher melting point is the almost exclusive product when potassium 
hypobromite is employed ; bromine dissolved in chloroform yields a 
mixture of the isomerides in nearly equal parts, whilst bromine and 
glacial acetic acid containing sodium acetate afford chiefly the benzoyl- 
bromocamphor of lower melting point. 

In describing the stereoisomeric halogen derivatives of a-benzoyl- 
camphor, we have adopted the convention suggested by Lowry (/oc. cit.), 
so that the nomenclature of the new derivatives may be uniform with 
that of the unsymmetrical di-derivatives already prepared. Assuming 
that benzoyleamphor, with [a]) +137-5° in alcohol, is an a-derivative, 
it will be noticed that the optical influence of the benzoyl radicle 
exceeds that of the chlorine atom, since o-chlorocamphor has[a]p + 96° 
in the same solvent; it may be concluded therefore that the di- 
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derivative which has a specific rotatory power least removed from that 
of camphor itself, is that which contains the benzoyl radicle in the 
a-position. This modification is the one which melts at 219°, having 
[a]> +26°2° in chloroform, and is accordingly termed a-benzoyl-a- 
chlorocamphor. In the case of the bromo-derivatives, it is not so easy 
to decide which isomeride contains the benzoyl radicle in the a-position, 
because the recorded values for the specific rotatory power of benzoyl- 
camphor and of bromocamphor in alcohol are practically identical. 
There is reason to believe, however, that the specific rotatory power 
of benzoylcamphor at the moment of dissolution in alcohol is lower 
than Jp +137-5°, because the substance, dissolving somewhat slowly 
in the cold solvent, suffers partial conversion into the enolic modifi- 
cation, with [a], + 262°, before it can be examined in the polarimeter ; 
chloroform, however, which dissolves the substance very readily, yields 
a solution having [a], +125°, and it is therefore probable that the 
optical influence of the benzoyl radicle is less powerful than that of 
the bromine atom, because a-bromecamphor has [a], +135°. If this 
is the case, the modification which melts at 114° and has [a]p +10°3° 
in chloroform must be called a’-benzoyl-a-bromocamphor, whilst 
the isomeride melting at 214°, having a specific rotatory power more 
remote from that of camphor, must be regarded as having the bromine 
atom in the a’-position ; 


[a]> m. p. 
RIE ni. icisisvccdessccsnveses + 42° ( aleohol ) — 
a-Chlorocamphor ............... + 96 ( _— 
a-Bromocamphor ............++ +135 ( F )}— 
a-Benzoyleamphor ............ +125 (chloroform) — 
a’-Benzoyl-a-chlorocamphor... — 28 ( * ) 88° 


a-Benzoyl-a’-chlorocamphor... + 26 ( —— 2 
a’-Benzoyl-a-bromocamphor... + 10 ( » ) 114 
a-Benzoyl-a’-bromocamphor... - 19 ( 6 ) 214 


From this table, it will be noticed that the benzoylchlorocamphor and 
benzoylbromocamphor supposed to contain the halogen in the a-position 
both melt at the lower temperature, whilst the less readily fusible 
modifications are assumed to have the halogen substituted in the 
a'-position. 


EXPERIMENTAL. 


aa-Benzoylbromocamphors, O,H, Ft me *CO*O,H, 


Twenty grams of 1-hydroxy-2-benzoyleamphene were dissolved in 
chloroform and cooled in melting ice. A cold solution of 12°4 grams 
of bromine in chloroform was then added in small quantities at a time, 
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and the pale red liquid, from which hydrogen bromide was being 
evolved, transferred to a basin and allowed to evaporate spontaneously. 
A previous experiment having shown that two compounds are produced 
by this means, the crystalline residue was divided into four fractions 
by extracting it successively with quantities of hot alcohol amounting 
to 100 c.c, (twice), 200 c.c., and 300 ¢.c., and allowing the solutions to 
cool, 

Fraction I, weighing 6 grams, consisted of thin, transparent needles 
melting somewhat indefinitely at 108—110°; a 2 per cent. solution in 
benzene gave [a] —15°4°; and in chloroform [a]p +7°9°. A large 
proportion being readily soluble in warm, light petroleum (b. p. 5|0—90°), 
the whole fraction was extracted with this solvent ; the solution de- 
posited large, thin, six-sided prisms melting at 114° and giving [a], 
— 10°0° in benzene and [a], +10°3° in chloroform. Recrystallisation 
from light petroleum did not change the specific rotatory power. 

Fraction II, weighing 8 grams, consisted chiefly of needles, and 
melted somewhat indefinitely at 109—111°; a 2 per cent. solution in 
benzene gave [a], —19°5°, and in chloroform [a]) +2°9°. 

Fraction III, weighing 2 grams, consisted of thin, rectangular plates, 
beginning to shrink and to change colour at about 185° and melting 
at 210°; a 2 per cent. solution in benzene gave [a], —52°3°, and in 
chloroform [a], — 18°5°. 

Fraction IV, weighing 3 grams, consisted of thin, rectangular plates, 
beginning to shrink and to change colour at about 190°, and melting at 
214° ; a 2 per cent. solution in benzene gave [a ]) — 53°2°, and in chloro- 
form [a], —19°3°. The properties of this fraction were not altered 
by recrystallisation from boiling alcohol. 

a'-Benzoyl-a-bromocamphor is most conveniently prepared by dissolving 
1-hydroxy-2-benzoylcamphene in glacial acetic acid containing 1} mols. 
of sodium acetate and adding 1 mol. of bromine dissolved in glacial 
acetic acid ; the white precipitate obtained on pouring this liquid into 
water is then collected, washed, dried, and crystallised from light 
petroleum. It is readily soluble in chloroform, benzene, alcohol, or 
light petroleum, crystallising from the last-named in large, transparent, 
six-sided prisms, and from alcohol in slender needles having the same 


crystalline form : 


0°1992 gave 0°1101 AgBr. Br= 23°52. 
C,,H,,0,Br requires Br = 23°88 per cent. 


The substance melts at 114°, but fusion is not complete until the 
temperature is raised to about 180°. A solution containing 0°5 gram 
in 25 c.c. of benzene at 21° gave ap —24’ in a 2 dem. tube, whence 
the specific rotatory power [a], —10°0°; 0°5029 dissolved in 25 c.c, of 
chloroform at 21° gave ap +25’, corresponding to [a]p +10°3°. 
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a-Benzoyl-a'-bromocamphor was obtained in the following manner. 
One hundred grams of bromine were dissolved in an ice-cold aqueous 
solution containing 150 grams of potassium hydroxide, and slowly 
added to 20 grams of 1-hydroxy-2-benzoyleamphene dissolved in dilute 
potash. The sticky solid which immediately separated soon hardened, 
and after an interval of 12 hours was collected, washed, and recrystal- 
lised from boiling alcohol. The yield of aa-benzoylbromocamphor 
obtained by this method is quantitative, and the product consists chiefly 
of the variety of high melting point. It dissolves very readily in 
chloroform, but only sparingly in cold alcohol or benzene, and is almost 
insoluble in boiling light petroleum ; it crystallises from hot alcohol in 
transparent, rectangular plates, begins to shrink and to change colour 
at about 190°, and melts at 214° to a pale brown liquid which evolves 
gas. The substance may be crystallised from concentrated nitric acid 


without undergoing change : 


0°1353 gave 0°0756 AgBr. Br= 23°77. 
C,,H,,0,Br requires Br = 23°88 per cent. 


A solution containing 0°5015 gram in 25 c.c. of benzene at 21° 
gave ap —2°8’ in a 2 dem. tube, whence the specific rotatory power 
[a]p —53°2°; 0°6451 gram dissolved in 25 c.c. of chloroform at 21° 
gave ay —1°0’, corresponding to [a]p) —19°3°. 

Action of Alcoholic Potassium Hydroxide on aa-Benzoylbromocamphor. 
—A specimen of a-benzoyl-a’-bromocamphor which melted at 210° and 
gave [a], —18°5° in chloroform, was heated during 4 hours in a reflux 
apparatus with potassium hydroxide (2 mols.) dissolved in alcohol. The 
liquid soon became dark brown, and on evaporation yielded a residue 
which dissolved completely in water. A current of well washed carbon 
dioxide was then passed into the aqueous solution until no further pre- 
cipitation occurred, and the product, after crystallisation from alcohol, 
was obtained in the pink octahedra characteristic of 1-hydroxy-2-benzoyl- 
camphene. 

The same compound was obtained by reducing a-benzoyl-a-bromo- 
camphor with alcoholic potassium hydroxide. 

Action of Bromine on 1-Benzoxy-2-benzoylcamphene.—When a solution 
of 1-benzoxy-2-benzoylcamphene in chloroform is treated with bromine, 
the colour of the halogen is not immediately destroyed, but after au 
interval, action is found to have taken place. 

Ten grams of the dibenzoyl derivative were dissolved in 100 c.c. of 
chloroform and enclosed in a stoppered bottle with 4°4 grams (1 mol.) 
of bromine. After 24 hours, the colour of the halogen had almost 
disappeared. On allowing the liquid to evaporate, a considerable 
quantity of hydrogen bromide was liberated, and a crystalline residue 
was obtained having the odour of ethyl benzoate. The solid product, 
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weighing 9 grams, was exhausted with 50 ¢.c. of hot alcohol, and the 
solution deposited crystals melting at 110—115° and giving [a], +4°1° 
in chloroform : 


0°1598 gave 0°0884 AgBr. Br=23-54, 
C,,H,,0,Br requires Br = 23°88 per cent. 


The substance was evidently a mixture of the two aa-benzoylbromo- 
camphors, and by repeated crystallisation from alcohol, a specimen of 
the modification of higher melting point was obtained, giving [a], 
— 19°5° in chloroform. 

Conversion of One Isomeride into the Other.—During the first at- 
tempt to separate the isomerides from one another by fractional crys- 
tallisation, a most unexpected change of the variety. of lower melting 
point took place. A specimen of that substance, which had been re- 
crystallised twice from alcohol without altering the melting point, 
melted at 111—112° and gave[a], — 29-0° in benzene ; it was dissolved 
in hot alcohol, which on cooling deposited lustrous plates melting at 
201—204°, and giving [a], —51:0° in benzene. Although we have 
not succeeded in reproducing the conditions of this experiment, the 
transformation of one modification into the other can be effected by 
the agency of hydrogen bromide. A specimen of a’-benzoyl-a-bromocam- 
phor melting at 109—111° and giving [a] +2°9° in chloroform was 
finely powdered and placed in a stoppered bottle with sufficient fuming 
hydrobromic acid to convert it into a thin paste. The following morn- 
ing, water was added and the solid product filtered and washed. The 
substance, when dried in the desiccator, melted at about 200° and gave 
{a]» -—18°6° in chloroform, and when recrystallised from alcohol 
yielded the lustrous plates characteristic of a-benzoyl-a’-bromocamphor. 


Action of Bromine on a-Benzoyleamphor. 


In describing the a-substituted halogen di-derivatives of camphor, 
Lowry (Trans., 1898, '73, 572) suggests that ‘the production of stereo- 
isomeric di-derivatives is most readily explained by supposing that the 
action of the halogen involves addition to the enolic form of the mono- 
derivative.” This explanation is a very probable one, and the follow- 
ing experiment appears to give it direct support. 

A specimen of ketonic a-benzoylcamphor, giving only a faint colora- 
tion with ferric chloride, was dissolved in cold glacial acetic acid 
containing sodium acetate (14 mols.) ; to this liquid, a solution of 
bromine (1 mol.) in glacial acetic acid was added, when it was observed 
that the colour of the halogen was immediately destroyed. Although 
it must be remembered that a small proportion of the benzoyleamphor 
is enolised by the solvent, it is still fair to say that the behaviour of 
@-benzoylcamphor towards bromine exactly resembles that of the 
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unsaturated enolic isomeride, and it is noteworthy that the identity 
extends to the product of the change, which gives rise to a’-benzoyl-a- 
bromocamphor in both cases, 


aa-Benzoylchlorocamphors, C Hite 0-0, Hy 


Having found that potassium hypobromite converts 1-hydroxy-2- 
benzoyleamphene into a mixture of the benzoylbromocamphors, we 
employed the corresponding method in preparing the benzoylchloro- 
camphors in preference to treating the hydroxy-compound with the 
free halogen. Ten grams were dissolved in dilute aqueous potassium 
hydroxide, cooled with fragments of ice, and treated with 200 c.c. of a 
solution of sodium hypochlorite containing 30 grams of available 
chlorine per litre. A pink, dough-like solid separated and rapidly 
became hard. After an interval of several hours, the product was 
collected, washed, and extracted with 100 c.c. of boiling alcohol, thus 
dividing the substance into two portions, of which the more readily 
soluble melted somewhat indefinitely at 85—-87° and gave [a], — 20°6° 
in chloroform, whilst the residual fraction melted at 219° and-gave 
[a]p +26°0°. 

Jadoo, obtained by recrystallising the more 
soluble fraction from alcohol and then from light petroleum, crystal- 
lises from each solvent in prisms and melts at 88°: 


01284 gave 0°0627 AgCl. Cl=12°08. 
C,,H,,0,Cl requires Cl = 12-22 per cent. 


It is readily soluble in alcohol and very freely so in chloroform, but 
dissolves only sparingly in light petroleum. A solution containing 
04185 gram in 25 c.c. of chloroform at 21° gave a, —56’ in a 
2 dem. tube, whence the specific rotatory power [a ]) —27°9°. 

a-Benzoyl-a'-chlorocamphor remains after the mixture of the two 
isomerides has been exhausted with a small quantity of hot alcohol ; 
it crystallises from that solvent in plates resembling the corresponding 
bromo-derivative and melts at 219°: 


0°1324 gave 0°0658 AgCl. Cl=12°29. 

C,,H,,0,Cl requires Cl = 12°22 per cent. 

It is freely soluble in chloroform, but dissolves only sparingly in 
alcohol and is insoluble in light petroleum. A solution containing 
0°3973 gram in 25 c.c. of chloroform at 21° gave ay +50’ ina 
2 dem. tube, whence the specific rotatory power [a]p + 26°2°. 
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XVII.—The Action of Phosphorus Trithiocyanate on 
Alcohol. 


By Aveustus Epwarp Drxon, M.D. 


In a preliminary note (J. pr. Chem. 1872, [ii], '7, 474), Léssner 
records that he has obtained (1) by the action of phosphorus tri- 
chloride on potassium thiocyanate in alcoholic solution, a substance crys- 
tallising in fine needles, whose analysis leads to the empirical formula 
C,H,,ON,S, ; and (2) from benzoyl chloride and alcoholic potassium 
thiocyanate, a compound, C,H,ONS. No analytical results are given in 
this note, which is very brief; but the interaction in which benzoyl 
chloride takes part is dealt with by Lissner at considerable length in 
a paper published a couple of years later (ibid., 1874, [ii], 10, 237) ; 
the compound C,H,ONS now appears as C,,H,,0,N8, that is, benzoyl 
thiocyanate plus a mol. of ethyl alcohol, and is regarded by him as 
‘benzoylethyloxysulphocarbamic acid,’ PhCO-NEt-CO-SH; a paper 
dealing with the constitution of this substance and of certain of 
its derivatives has lately been published (Dixon, Trans, 1899, '75, 
375). 

No reference is made in Liéssner’s second communication to the 
compound ©,H,.ON,S, ; nor, in fact, so far as the author can ascertain, 
is any description of it to be found in chemical literature. It is not easy 
to understand how a substance of this composition could be formed 
out of the materials used, unless through the occurrence of some profound 
decomposition ; with the view of ascertaining whether such a change 
really took place, and more particularly since the interaction to be ex- 
pected of these substances appeared to belong to the class of interactions 
recently studied by the writer, in which phosphorus and phosphoryl 
‘thiocyanates’ take part (Trans., 1901, '79, 541), it was decided to re- 
examine Lissner’s reaction. 

Before doing so, and incidentally to the incipient study just 
mentioned, some experiments were carried out in order to learn 
whether ‘‘ phosphorus thiocyanate,” P(SCN), or P(NCS),, would unite 
directly with ethyl alcohol so as to afford a phosphoretted thio- 
urethane, thus: 


P(NOS), + 3C,H,-OH = P(NH-CS-00,H,), ; 


although, in view of the great ease with which both this and the 
corresponding phosphoryl derivative undergo hydrolysis, it scarcely 
seemed probable. 

The phosphorus compound was prepared as already described (loc. 
cit., p. 545), about 13 grams of phosphorus trichloride being used in 
each preparation: on treating the benzene solution with absolute 
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alcohol, there was marked evidence of chemical interaction, the 
temperature rising in three successive experiments in which it was 
measured, by 47°, 46°, and 59° respectively, whilst free thiocyanic 
acid was evolved. On concentrating the mixture at the ordinary 
temperature, a yellow, crystalline solid was deposited; the mother 
liquor formed a clear brown syrup, intensely acid, reacting freely for 
thiocyanic acid and phosphorus, and soon beginning to decompose 
with evolution of mercaptan. 

The solid product occurred in limited quantity, not more than a 
gram, at most, being obtained for every 13 grams of trichloride used ; 
it was insoluble in benzene, sparingly soluble in boiling water, and 
moderately so in hot alcohol, but did not crystallise well from the 
latter solvent. When recrystallised from much boiling water, it was 
obtained in yellow, flexible, hair-like needles (on one occasion several 
inches long and closely resembling Spirogyra in outward appearance) : 
they began to darken and change at about 230°, but were not melted 
at 250°. 

The substance contains no phosphorus, and hence is not the 
desired phosphorus trithiotriurethane. It is desulphurised by heating 
in alcoholic solution with ammoniacal silver nitrate, or with alkaline 
lead tartrate ; its aqueous solution is somewhat acid to litmus and 
gives with lead acetate a bright yellow precipitate. Ferric chloride 
yields practically no colour reaction, either when added to the aqueous 
solution or to the mixture produced by first dissolving the solid in 
warm alkali hydroxide and then acidifying the solution with hydro- 
chloric acid. The substance dissolves readily in potassium cyanide 
solution, and the resultant liquid, if acidified and treated with ferric 
chloride, now gives the intense blood-red thiocyanic reaction. 

From the properties just described, there could be little doubt 
that the substance was nothing more than isopersulphocyanic acid, 
C,H,N,S,, and the results of analysis showed this to be the case: 


S found, 64:3 ; N found, 18:9 ; 

C,H,N,S, requires 8S= 64; N=18°7 per cent. 
The mechanism whereby this substance comes to be formed is probably 
as follows : the “ phosphorus thiocyanate ” is decomposed in part by 
the alcohol, yielding free thiocyanic acid : 

P(SCN), + 30,H,*OH = P(0-0,H,), + 3HSON ; 
whilst another portion, in like manner, yields phosphorous acid : 
under the influence of this mineral acid, the former could afford 
isopersulphocyanic acid, thus : 

3HSON =C,H,N.S,+ HON. 

Save the ¢sopersulphocyanic acid, no other solid product was found ; 
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consequently, if the phosphorus trithiotriurethane is formed, or, at all 
events, continues to exist, under the above conditions, it must be as 
one of the constituents of the acid, syrupy mother liquor, but the 
foul smell of the latter rendered it so unpleasant to work with that it 
was not examined further. However, as phosphorus trithiotriurethane, 
if capable of existence under ordinary circumstances, would probably 
be a solid substance more or less easily decomposable by moisture, it 
is doubtful whether it could have been extracted from the liquor, even 
if present. 

As regards the interaction between alcoholic potassium thiocyanate 
and phosphorus trichloride, there was scarcely any reason to anticipate 
that it would run a course materially different from that between phos- 
phorus trithiocyanate and alcohol ; however, the experiment was tried, 
with the following result. 

: On dropping phosphorus trichloride into a saturated solution of 
potassium thiocyanate in 99°5 per cent. alcohol, violent action occurred, 
and potassium chloride was precipitated ; on filtering this off and concen- 
trating the filtrate by slow evaporation, thiocyanic acid escaped, and 
yellow, crystalline material 'separated in an oily, very acid, liquid ; the 
former, when recrystallised from boiling water, proved to be identical 
with the solid obtained from phosphorus thiocyanate and alcohol, 
namely, isopersulphocyanic acid. In this case, as the liberated thio- 
cyanic acid is in contact with much free hydrochloric acid proceeding 
from the interaction between the phosphorus haloid and the alcohol, it 
is a simple matter to account for the production of isopersulphocyanic 
acid. As in the preceding case, the quantity of this acid bears but a 
small proportion to the amount of phosphorus chloride used. So far, 
the writer has failed to identify any other substance in the solid pro- 
duct, yet Lissner, strange to say, does not mention the occurrence of 
isopersulphocyanic acid at all. . 

It would seem, therefore, either that the interaction must have pro- 
ceeded on different lines when conducted by this chemist, or else that, 
through some accident, he must have attributed to isopersulphocyanic 
acid, C,H,N.S,, the formula C,H,,ON,S,. How this could happen it 
is not very easy to see, considering that the percentages of sulphur are 
64 and 40°8, respectively. It is conceivable, however, that some un- 
suspected cause of error may have temporarily crept into his analytical 
practice, more especially bearing in mind that his benzoyl chloride 
product, above mentioned, which was stated in the preliminary note to 
have, according to the results of analysis, the formula C,H,ONS, turns . 
out to be really C,,H,,O,NS; here the theoretical results are by no 
means so widely divergent as in the preceding case, but still the figures 
differ by nearly 4 per cent. for the sulphur, 3 per cent. for the nitrogen, 

and so on, 
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In the hope of possibly obtaining phosphorus tribenzyltrithiocarb- 
amate,a cold, somewhat dilute solution of ‘ phosphorus thiocyanate ” 
in benzene was treated with benzyl alcohol. Interaction occurred at 
once, the temperature of the mixture rising by about 30°; but after 
driving off the solvent and allowing the residue to stand, a mere trace 
of white, solid matter was deposited, the amount being too small to per- 
mit of identification. It crystallised well in white prisms from boiling 
water, volatilised completely, on heating, without preliminary fusion, 
gave no ammonia when heated with alkali, contained no phosphorus, 
gave no colour reaction with potassium cyanide, hydrochloric acid, and 
ferric chloride, and consequently was neither isopersulphocyanic acid 
nor phosphorus tribenzyltrithiocarbamate. The mother liquor was 
almost completely volatile in a current of steam; the distillate, a 
yellowish oil, consisted partly of unchanged benzyl alcohol, and partly 
of an unpleasant smelling oil which contained sulphur but no phos- 
phorus, the latter being wholly retained in the trifling residue of the 
steam distillation. 


CHEMICAL DEPARTMENT, 
QUEEN’s COLLEGE, CORK. 


XVIII.—The Relationship between the Orientation of Sub- 


stituents in and the Constitution of Benzeneazo-a- 
naphthol. 


Joun THEODORE Hewitt and SAMuEL JAMES Manson AULD. 


THE question of the constitution of the oxyazo-compounds has aroused 
a considerable amount of discussion, and in order to obtain further 
information on this point, one of the authors of the present commun- 
ication has, in conjunction with several of his pupils, made experi- 
ments on the substitution derivatives of these substances. In all cases 
so far studied, the results have given an unqualified support to the 
oxyazo-formula, the phenolic nucleus always being first attacked by 
dilute nitric acid or bromine in presence of an excess of sodium 
acetate. The appearance of a communication by Méhlau and Kegel 
(Ber., 1900, 33, 2858), in which they ascribed a tautomeric formula to 
benzeneazo-a-naphthol, rendered necessary the further investigation 
of the action of substituting agents on the benzeneazonaphthols. The 
results obtained in the case of the azo-derivatives of B-naphthol are 
reserved for a future communication. 

Méhlau and Kegel found that pquinones and their derivatives 
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generally reacted with benzhydrol and Michler’s hydrol (tetramethyl- 
diaminobenzhydrol) to form compounds of the type [R=C,H, or 
C,H,N(CH;),] : 
O 
HO” “\o.cHR 
HC, ,/CH . 
ir 


and extending the reaction to the so-called benzeneazo-a-naphthol 
obtained substances in which the hydrol had behaved as if the azo-com- 
pound were quinonoid in type. Hada strong acid been present, such 
a reaction would not have been surprising ; the condensation was, how- 
ever, carried out in the absence of such a compound. Moreover, the 
complicated azo-derivatives so obtained behaved, on acetylation, as 
quinone-hydrazones, the acetyl group attaching itself to a nitrogen 
atom. By the complete reduction of the acetyl derivative of benzene- 
azotetramethyldiaminobenzhydryl-a-naphthol, Méhlau and Kegel ob- 
tained acetanilide but could detect no aniline ; from these results, they 
concluded that benzeneazo-a-naphthol, as well as the condensation 
product with Michler’s hydrol, had the constitution of quinone- 
hydrazones. The condensation was, however, not incompatible with 
the presence of both forms in equilibrium in solution, whilst the course 
of the acetylation of the condensation product might be explained in a 
similar way in conjunction with the undoubted steric hindrance which 
might be experienced in the case of acetylating an ortho-substituted 
a-naphthol. We therefore resolved to re-examine the acetylation of 
benzeneazo-a-naphthol, and further to study the action of substituting 
agents on the azo-naphthol itself. It may be mentioned here that the 
results of all experiments made with nitric acid on benzeneazo-a- 
naphthol were thoroughly unsatisfactory ; either reaction did not take 
place or only tarry products were obtained. 


Reduction of Benzeneazo-a-naphthyl Acetate. 


Benzeneazo-a-naphthol was prepared by Witt and Dedichen’s method 
(Ber., 1897, 30, 2657), and acetylated by boiling in a reflux apparatus 
with excess of acetic anhydride and fused sudium acetate. The melt- 
ing point of the product (128°) agreed with that given by Zincke and 
Bindewald (Ber., 1884, 17, 3030). The complete reduction of this sub- 
stance was effected in cold alcoholic solution, so that any possibility of 
one or other product becoming acetylated during the process and thus 
leading to erroneous conclusions might be obviated. Two grams of the 
acetyl derivative were dissolved in 100 c.c, of absolute alcohol and 
treated with 5 c.c. of concentrated sulphuric acid mixed with 
10 c.c. of alcohol. Zinc dust was now added and the solution well 


4 

Be 
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shaken until entirely colourless. The excess of zine dust was re- 
moved by filtration and the filtrate diluted with water, rendered alka- 
line with sodium carbonate, and then twice extracted with ether. The 
ethereal extracts were united, the excess of ether evaporated, and the 
residue distilled in a current of steam. The presence of aniline in the 
distillate was confirmed by its conversion into tribromoaniline. In 
one experiment, the weight of tribromoaniline obtained was prac- 
tically equal to that of the benzeneazonaphthyl acetate employed. 
After the steam distillation, the residue in the flask was examined in 
order to isolate the other product of fission ; the acetoxy-a-naphthylamine 
could not, however, be obtained in a crystalline form. 

By partial reduction of benzeneazo-a-naphthyl acetate, a hydrazo- 
compound is obtained, which, from its insolubility in dilute alkali, 
evidently does not contain a free hydroxyl group. To obtain this 
substance, 1 gram of benzeneazo-a-naphthyl acetate was dissolved in 
alcohol, a small quantity of acetic acid added, and the‘solution shaken 
with zinc dust until colourless. The filtered solution deposited crystals 
on standing, which were collected, washed, and dried. The substance 
so obtained, although at first colourless, turned faintly yellow on dry- 
ing ; the melting point (160—165°) was far from sharp and the sub 
stance reddened considerably on heating. 


0°1685 gave 0:4580 CO, and 0°0866 H,O. C=74:13; H=5°69. 
0°1445 ,, 11°9 cc. nitrogen* at 15° and 754mm. N=9°51. 
C,,H,,0,N, requires C= 73°97 ; H=5°48; N=9-52 per cent. 


These results absolutely confirm the constitution usually assigned 
to benzeneazo-a-naphthyl acetate, namely, that it is an oxygen ester. 

The possibility of the existence of an isomeric derivative was also 
examined. Benzeneazo-a-naphthol, on treatment with mineral acids, 
readily furnishes salts of a-naphthaquinone phenylhydrazone. Two 
grams of benzeneazo-a-naphthol were added to glacial acetic acid which 
had been saturated with hydrogen chloride and warmed in a flask 
provided with a reflux tube down which 8 grams of acetyl chloride 
were added in small quantities at a time. After half-an-hour’s heat- 
ing at 100°, the product was poured into water, the precipitate collected, 
and recrystallised from glacial acetic facid. The acetyl derivative so 
obtained melted at 127° and when mixed with the acetyl derivative 
prepared by acetylation with acetic anhydride and fused sodium 
acetate did not depress its melting point. Hence salts of a-naphtha- 
quinone phenylhydrazone furnished derivatives of benzeneazo-a- 
naphthol on acetylation. 


* Measured over 50 per cent. potassium hydroxide solution. 
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Action of Bromine on Benzeneazo-a-naphthol: 


In acting with bromine on an oxyazo-compound, a solution or sus- 
pension of the latter in acetic acid is best employed, and it is very 
necessary to take especial care that hydrogen bromide is removed as 
quickly as it is formed. If this be not done, the hydrogen bromide 
converts oxyazo-compounds into salts of quinone-hydrazones and sub- 
stitution takes place in the nucleus free from oxygen (Hewitt and 
Aston, Trans., 1900, '7'7, 712, 810). The bromination of benzeneazo- 
a-naphthol has already been effected by Margary (Gazzetta, 1884, 14, 
271), who took no precautions to avoid presence of a mineral acid. 
The substance so prepared he regarded as p-bromobenzeneazo-a- 
naphthol, stating that he obtained p-bromoaniline on reduction. Such 
a result would not have been surprising were it not that the product 
is described as occurring in two forms melting at 185° and 197° 
respectively, whereas the substance obtained synthetically by Bamber- 
ger melted at 237—238° (Ber., 1895, 28, 1896). 

Bromination, if carried out in the following manner, furnishes a 
product, melting at 196° which contains no bromine in the benzene 
nucleus. Benzeneazo-a-naphthol, together with its own weight of fused 
sodium acetate, is dissolved in 10 times its weight of glacial acetic 
acid, The calculated quantity of bromine, diluted with twice its 
weight of acetic acid, is then added and the mixture allowed to stand 
at the ordinary temperature in a closed flask until the odour of the 
bromine has disappeared ; this frequently requires a week. The solid 
matter is then filtered off, washed with water, and recrystallised from 
boiling glacial acetic acid, in which the substance is fairly soluble, 
although the cold solvent dissolves it but sparingly. Analysis showed 
that a monobromo-derivative had been produced : 


0:2040 gave 0°1132 AgBr. Br=23°97. 

0°2460 ,, 01404 AgBr. Br=24:22. 

02239 ,, 17°0c.c. nitrogen at 20° and 737 mm. N=8'6l. 
C,,H,,ON,Br requires Br = 24°42 ; N =8°58 per cent. 


The substance dissolves very easily in acetone, it is also dissolved 
by alcohol, ether, carbon disulphide, or ethyl acetate, benzene dis- 
solves it only sparingly, whilst in light petroleum it is almost insoluble. 
The solution in strong sulphuric acid has a much bluer shade than 
that of the parent substance. 

The reduction was effected by solution in alcohol and boiling with 
an excess of tin and hydrochloric acid in a reflux apparatus for 1 hour. 
After cooling, sodium hydroxide was added in excess and the mixture 
distilled in a current of steam. The distillate was rendered alkaline 
with soda, shaken with a small quantity of benzoyl chloride, and, the 
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precipitate collected and recrystallised from benzene. Colourless plates 
separated, which proved to be free from halogen and melted at 158° 
(uncorr.). The substance was therefore benzanilide. It follows that 
when benzeneazo-a-naphthol is brominated in presence of sodium 
acetate, one atom of bromine enters the naphthol nucleus. The only 
benzeneazobromo-a-naphthol hitherto described is the 8-bromo-4-benz- 
eneazo-a-naphthol prepared by Meldola and Streatfeild (Zrans., 1893, 
63, 1058). It is probably not identical with our compound, although 
its melting point, 197°, lies very near to that of the substance obtained 
by direct bromination. To further characterise the latter, a number 
of derivatives have been prepared and analysed. 

The ethyl ether was obtained by dissolving, successively, 0-1 gram of 
sodium and 1°0 gram of the azo-compound in 6 c.c. of ethyl alcohol 
and heating with an excess of ethyl bromide for 2 hours at 120—130°. 
The precipitate obtained on addition of water was recrystallised twice 
from a mixture of chloroform and alcohol ; the product melted at 220° 
(uncorr.) : 


0°1060 gave 0:0540 AgBr. Br=22°51. 
C,,H,,ON,Br requires Br = 22°53 per cent. 


The ethyl ether is a black powder, fairly soluble in acetic acid and 
somewhat readily so in chloroform. Most of the other usual organic 
solvents dissolve it only sparingly in the cold. 

The acetyl derivative was obtained by boiling in a reflux apparatus 
for 2 hours a mixture of the azophenol with 14 times its weight of 
fused sodium acetate and 3 times its weight of acetic anhydride. The 
substance was isolated in the usual manner and recrystallised from 
glacial acetic acid ; its melting point was found to be 146° (corr.): 


0°1441 gave 8°55 c.c. nitrogen at 8° and 755mm. N=7-63, 
C,,H,,0,N,Br requires N = 7°59 per cent. 


To compare the product obtained by substituting bromine in 
benzeneazo-a-naphthol with the three bromobenzeneazo-a-naphthols, 
the latter were prepared and converted into acetyl derivatives, 


The Isomeric Bromobenzeneazo-a-naphthols. 


o-Bromobenzeneazo-a-naphthol.—Pure o-bromoaniline (prepared from 
o-nitraniline by Sandmeyer’s reaction and subsequent reduction of the 
o-bromonitrobenzene so obtained) was diazotised, the solution of the 
diazonium salt added to the requisite quantity of a-naphthol dissolved 
in methylated spirit, and an aqueous solution of sodium acetate stirred 
into the mixture. The product was collected, washed with dilute 
alcohol, and recrystallised from glacial acetic acid, in which it is fairly 
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soluble on boiling, but only sparingly so when cold, It melted at 183° 
(corr.): 
0°2917 gave 21°0 c.c. nitrogen at 14° and 754mm. N=8°49. 
C,,H,,ON,Br requires N = 8°58 per cent. 


The acetyl derivative, after recrystallisation from boiling glacial 
acetic acid, melted at 123°; 


0°1728 gave 10°3 c.c, nitrogen at 14° and 754mm. N=7-03, 
C,,H,,0.N,Br requires N=7°59 per cent. 


m-Bromobenzeneazo-a-naphthol, after recrystallisation from benzene, 
melted at 211° (uncorr.) : 


0'2298 gave 16°8 c.c. nitrogen at 20° and 761 mm. N=8°36, 
C,,H,,ON,Br requires N = 8-58 per cent. 


The acetyl derivative was prepared in the usual manner ; it melted 
at 112°; 


0°1252 gave 9°0 c.c. nitrogen at 23° and 744mm. N=7-80, 
C,,H,,0,N,Br requires N=7‘59 per cent, 


p-Bromobenzeneazo-a-naphthol has already been described by Bam- 
berger (Ber., 1895, 28, 1896). The melting point given by him is 
237—238°; our preparation melted at 226° (uncorr., the corrected 
melting point would be about 233°). These melting points do not 
differ materially, but are far removed from those given by Margary, 
namely, 185° and 197° (Joc. cit.), On analysis; 


0-0572 gave 0°0328 AgBr. Br=24:'36. 
C,,H,,ON,Br requires Br = 24°42 per cent, 


The acetyl derivative was also prepared in order to characterise the 
substance further. Prepared in the usual manner and recrystallised 
from glacial acetic acid, it melted at 141° (corr.) : 


0:1484 gave 0°3195 CO, and 0°0499 H,O. C=58°72; H=3°68, 
C,,H,,0,N,Br requires C=58°54 ; H=3'52 per cent. 


The substance is easily soluble in benzene or chloroform, fairly so 
in acetone or ethyl acetate, but only sparingly so in alcohol. 

It is thus conclusively proved that in absence of strong acids, benzene- 
azo-a-naphthol furnishes a substance which does not contain bromine 
in the benzene nucleus. The position of the bromine atom in the 
a-naphthol nucleus has not been determined; it probably enters 
position 2. So far, attempts at preparing the substance by the inter- 
action of phenylhydrazine and Zincke and Schmidt’s 2-bromo-l : 4- 
naphthaquinone (Ber., 1894, 27, 2757) have been unsuccessful, 
although from the production of benzeneazo-a-naphthol from a-naphtha- 
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quinone and phenylhydrazine observed by Zincke and Bindewald, the 
carrying out of such a reaction appears easy of accomplishment. 
Under the circumstances, we are compelled to leave the actual proof 
that position 2 is occupied by the bromine atom to some future 
occasion. 
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XIX.—The Magnetic Rotation of some Polyhydrie 


Alcohols, Hexoses, and Saccharobioses. 
By W. H. Perary, sen., Ph.D., F.R.S. 


Tue remarkable changes in optical activity which many carbohydrates 
show when in solution in water have engaged the attention of several 
observers for a long period. To take an example, a freshly prepared 
solution of glucose has a rotation of [a], +105°16°, but this gradually 
diminishes and finally becomes constant after about six hours, the 
rotation being then [a], +52°49° (Parcus and Tollens, Annalen, 
1890, 257, 160). This phenomenon has been called bi-, multi-, or 


muta-rotation, and it has been suggested by Tanret (Compt. rend., 
1895, 120, 1060) that the first form of glucose should be called 
a-glucose and the second #-glucose ; this method of distinguishing the 
two modifications will be used in the present paper, not only in the 
case of glucose, but in all cases where birotation has been observed. 

A résumé of the views which have been entertained in reference to 
birotation is given in a paper by Horace Brown and 8. U. Pickering 
“On the thermal changes attending change of rotatory power of 
carbohydrates” (Trans., 1897,'71, 769). From this, it is seen that the 
earlier attempts to explain the phenomenon of bi- or multi-rotation 
were based on physical considerations. Subsequently, the probable 
chemical aspect of ‘the matter came to be more fully discussed ; E. 
Fischer, for example, has suggested that the remarkable birotation 
shown by glucose may be due to the gradual assimilation of water and 
conversion into the heptahydric alcohol, O,H,,0, This view has 
latterly found considerable favour, and Brown and Pickering think 
that the results of the heat determinations made by them are con- 
sistent with it. 

As the study of the magnetic rotations of the sugars might possibly 
throw some light on this difficult subject, it was thought desirable to 
undertake the examination of some of the more important of these 
substances, Until lately, however, the measurements could not be 
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made with any degree of accuracy, because strong solutions of these 
sugars rotate the plane of polarisation through such large angles that, 
as is well known, the impurities in the sodium light seriously affect 
the appearance of the half-shadow disc of the polarimeter, causing the 
two sides to be very unequally tinted, so that useful numbers cannot 
be obtained. Thus, a 50 per cent. solution of fructose in a 100 mm. 
tube has an optical rotation of about 50°, and this is the point at 
which the magnetic rotation commences, Fortunately, after many 
attempts, [ have succeeded in finding a simple spectroscopic arrange. 
ment by which this difficulty can be overcome, so that very large angles 
may now be measured with considerable accuracy, and with this new 
arrangement I have found it possible to determine accurately the 
magnetic rotations of a number of carbohydrates, In a future com- 
munication, I hope to give an account of this improvement and 
also of the new apparatus which I am at present using for the deter- 
mination of magnetic rotations. 

Besides the sugars themselves, two of the polyhydric alcohols have 
been measured, so that the magnetic rotations of this class of com- 
pounds from the mono- to the hexa-hydric are now known, with the 
exception of that of the pentahydric alcohol, C;H,,0,, which, however, 
can be easily estimated. The examination of this series of alcohols 
was important in order that a basis might be obtained from which to 
calculate the probable rotation of the various sugars. 

The numbers obtained for the magnetic rotation of this group of 


alcohols may be briefly summarised as follows : : 
Mol. mag. rot. 


Methyl] alcohol H,(CH:OH) 1°640 
Glycol H,(CH:OH), 2°943 
Glycerol H,(CH:OH), 4-111 
Erythritol H,(CH-OH), 5230 
Pentitol (missing) H,(CH:OH), 6°300 est. 
Mannitol H,(CH:OH), 7°351 


If the magnetic rotations of the alcohols actually examined be 
plotted out, they form a regular curve, from which the rotation of the 
missing pentahydric compound may be calculated; also if the 
curve be carried further, the rotations of the heptahydric and other 
higher alcohols may be estimated, doubtless with considerable accuracy 
(see diagram). From this curve, it will be at once seen that the 
successive CH:OH groups have a smaller and smaller value as they are 
repeated ; this, however, is not due to the ,roup CH:OH as a whole, 
but to the hydroxyl group which it contains, since in the homologous 
series of paraffins, aliphatic acids, monohydric alcohols, and esters, it 
has been conclusively proved that the value of each CH,, even in com- 
pounds containing eighteen carbon atoms, is constant, namely, 1°023. 
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Attention has previously been directed to the diminishing influence 
caused by successive displacements of hydrogen by hydroxyl (Trans., 
1884, 45, 559); this diminishing influence is more clearly seen by 
subtracting from the value of the polyhydric alcohol that of the corre- 
sponding alcohol containing one hydroxyl less in its molecule. In 
these cases, in which the magnetic rotation of the latter has not been 


_- 


0°6 


H,(CH{OH) 


0°7 


OH), 
H (CH-O|H 
a Ha 


14 . 
0, C; C; C, C; Cy C, 


The magnetic rotations are found by adding the ordinates to the carbon numbers of 
the abscisse. 


directly determined, it can be obtained by the addition of the value of 
CH, to that of the next lower alcohol, thus : 
Diff. for OH 
Mol. mag. rot. disp. H. 
0,H,(OH), 2°943 } 0163 
Ethyl alcohol ... O,H,(OH) 2°780 
Glycerol C,H-(OH), 4-111 \ 0-145 
CH, + C,H,(OH), 3°966 
N 2 
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Diff. for OH 
Mol. mag. rot. disp. H. 


Erythritol C,H,(OH), 5:230 } 0-096 
CH, +C,H,(OH), 5134 

Pentitol C,H,(OH), 6°300 } 
CH,+C,H,(OH), 6°253 

Mannitol C,H,(OH), 7351 t 
CH,+C,H,(OH), 7:323 


0:047 
0°028 


The influence of the hydroxyl group displacing hydrogen must, there- 
fore, evidently become practically ni/ when the substitution has been 
repeated seven or eight times. The results exhibited in the above 
tables will be found to be very important in the calculation of the 
probable rotations of glucose, fructose, &ec. 

Glucose is known to be analdehyde. Now the difference between 
the molecular magnetic rotations of an aldehyde and an alcohol, for 
example, between those of heptyl alcohol and heptyl aldehyde, is 0°438, 
so that the calculated rotation of glucose can be obtained by subtract- 
ing this amount from that of mannitol.* 


Mannitol 


Glucose 


Fructose is known to be a ketone. The difference between the 
magnetic rotation of a ketone and an alcohol, for example, between 
that of sec.octyl alcohol and of methyl hexyl ketone, is 0°495 ; this 
subtracted from the value for mannitol should give the rotation of 


fructose. 
Mannitol .. 


Fructose 


The actual determinations of the magnetic rotations of glucose and 
fructose in aqueous solution have given almost identical numbers in 
both cases, but the results are considerably lower than those calculated 
above. 


Glucose cale 


* The actual comparison should, of course, be between glucose and sorbitol, but 
the change of one asymmetric carbon atom in passing from sorbitol to mannitol 
would have, if any, so little effect on the magnetic rotation that it may be 
neglected, 


POLYHYDRIC ALCOHOLS, HEXOSES, AND SACCHAROBIOSES. 181 


The question then arises: Why are the actual magnetic rotations of 
these sugars, determined in solutions which have undergone the usual 
maximum change in optical rotation, lower than those calculated? 
Is this due to the assimilation of water and the formation of a 
heptahydric alcohol, C;H,(OH),, or must some other explanation be 
found 4 

From the experimental part of the paper, it is seen that the magnetic 
rotation of glucose in aqueous solution, obtained by subtracting the value 
of 11H,0O from that of a solution of the composition C,H,,0,,11H,0, is 
found to be 6°723, and the same number is found in a similar way 
from solutions of other concentrations. If, however, the glucose had 
assimilated 1 mol. of water from the solution to form the heptahydric 
alcohol C,H,(OH),, the rotation of this compound will be obtained by 
subtracting the value of only 10H,O from the result of the determin- 
ation, that is to say, it will be 7°723. From the examination of the 
curve (p. 179), it is clear that the rotation of the alcohol C,H,(OH), 
will be 8°380; if from this we deduct the value for CH, (1-023), we 
obtain 7°347 as the value of the alcohol C,H,(OH),, a number which is 
very different from that actually found, namely, 7°723. This evidence 
therefore seems to show that glucose in solution is the anhydrous 
substance C,H,,0,, and is not combined with water to form the hepta- 
hydric alcohol C;H,(OH),. 

Lowry (Trans., 1899, '75, 215), when referring to the subject of 
birotation, suggests that the difference between glucose in the anhydrous 
condition and in solution, after all change has taken place and the 
optical rotation become constant, may be due simply to isomeric change, 
the aldehydic form I in the following table passing partly into one of 
the isomeric modifications II or III. Of these expressions, formula II 
was first proposed by Tollens (Ber., 1883, 16, 923), and afterwards 
considered by E. Fischer as possibly, although not probably, repre- 
senting the constitution of anhydrous glucose. 


CHO /AvoH 

CH-OH / OH-0H 

CH-OH CH-OH 

CH-OH »= 

CH-OH CH-OH 

CH,-OH CH, OH 
I. Il. 


O 


If, however, formula III be examined, it will be seen that it re- 
presents an unsaturated compound, and this, according to the mag- 
netic rotation, cannot be correct. The introduction of an ethylene 
linking into the molecule of a saturated substance is known to raise 
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the magnetic rotation by 1:620*, and the value of glucose (calculated 
from mannitol) would thus become 6°913 + 1°620 =8-533, which is far 
higher than the value actually found (6-723), 

It has already been pointed out (p. 180) that the value for 
glucose in solution (6°723) is lower by 0°190 than it should be if the 
substance were an aldehyde, and the question then arises whether a 
compound of the formula II would have a lower rotation than one 
having the aldehydic formula I. That this will be the case can be 
shown from the following comparisons between the values found for 
glucose in solution, and those of ethylene oxide and the lactones, that 
is, of substances which are constituted somewhat similarly to formula 


II. 


’ CH, 
The value of ethylene oxide O<bn , calculated from that of gly- 
2 


col (2°943) by taking away 0°751 for the loss of the elements of water 
(see p. 184) is 2°192, the value found was 1935, making a difference of 
0°247 (Trans., 1893, 63, 490). In the case of the lactones which have 
been examined, namely, butyrolactone and valerolactone, 


CH, CH 

I [2 

of (He of GH: 

\G \G 
CO CO 

Butyrolactone. Valerolactone. 


the following are the differences between values found and calculated in 
a similar way: for butyrolactone — 0°230, and for valerolactone —0°195, 
average, 0°212. Now the constitution represented by formula IT agrees 
best with that of the lactones, inasmuch as it contains a chain of four 
carbon atoms closed by oxygen. If then glucose, when dissolved in 
water, assumes to a greater or less extent this constitution, there is 
good reason for believing that its rotation would be lower than that of 
the aldehydic form, I, by about 0:2. This, it will be seen, agrees nearly 
exactly with the number actually found, and there is therefore strong 
support for the contention that, in solution, glucose has. the constitu- 
tion represented by formula II, or exists in some form analogous to 
this. The solution would probably also contain a small quantity of 
glucose in its ordinary aldehydic condition ; it is therefore possible 
that the rotation of the @-form in the pure state may be a little lower 
still than that found. 


* The value for ordinary unsaturation with loss of H, is 1°112, but as no 
hydrogen is lost in this case, the value for unsaturation will be 1°112+0°508, the 
value of Hg. 
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If now formula II be slightly modified, an expression for the pos- 
sible condition of fructose insolutionmay, in a similar way, be obtained 
which will be as follows: 


What has been said about glucose applies equally well to fructose ; 
the rotation is in both cases the same, and is lower than the calculated 
value, although not quite to the same extent ; it is therefore probable 
that fructose exists in solution, not as a ketone, but chiefly in a state 
represented by the above formula, or by some other formula similar to 
this. 

If we now consider the relationship between the calculated mag- 
netic rotation for glucose in its aldehydic form and that found for 
galactose in solution, we have the following numbers : 


Glucose, calc. 
Galactose, found 


In considering these numbers, it should be noted that in optically 
active compounds, difference in configuration only does not appear to in- 
fluence magnetic rotation ; it is therefore probable that the magnetic 
rotation of galactose as an aldehyde is the same as that of glucose as an 
aldehyde. If, then, galactose in aqueous solution had been present 
entirely in its aldehydic form, the number found should have been 6'913, . 
and the slight lowering observed in the value, namely, 0-026, appears to 
show that, whilst present for the most part in its aldehydic form, galac- 
tose has to some extent been converted into a modification similar to 
that represented by formula IT in the case of glucose in solution. It is, 
however, remarkable that this small change appears to be accompanied 
by so large an alteration in the optical rotation, since galactose, which 
shows a rotation of approximately [a], +134°5° in freshly prepared 
solutions, has a value of only [a], +84°2°, when the solution has been 
left to stand until the rotation has become constant, the formation of 
the small amount of the substance of formula II being accompanied by 
a fall in the optical rotation of no less than 50°3°. There is, however, 
no evidence to show what the optical rotation of substances of the 
type represented by formula II would be in the case of glucose, 
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fructose, or galactose. It is quite possible that such forms of the 
sugars, although similar in general character, might have very widely 
different optical rotations, and this is evidently the case, since fructose 
is levorotatory in solution, whilst glucose and galactose are dextro- 
rotatory in different degrees. Quite possibly a dextrorotatory alde- 
hydic sugar might yield a levorotatory substance of the type repre- 
sented by formula II on going into solution, and this might be so in the 
case of galactose when it is entirely converted into its isomeric form. 
We have in nitrocamphor a remarkable instance of this kind of 
change, only of the reverse order; a-nitrocamphor, which is levo- 
rotatory, when changed into the isomeric y-nitrocamphor, becoming 
enormously dextrorotatory. Again, 7-bromonitrocamphor in its normal 
condition has a rotation of [a], —38°, but in its pseudo-form has 
[a]p +188° (Lowry, Trans., 1899, '75, 223). 

The birotation of galactose is also much increased in amount by the 
addition of lead acetate to its solution, the rotation falling by 53 per cent. 
(Hanno Svoboda, Zeit. Ver. Rubenzuwcker.-Ind. Deut. Reichs, 1896, 
46, Heft. 481, 29 pages; also Abstr., 1896, i, 406) I find also 
that a cold solution of caustic alkali reduces the rotation very 
considerably. 


LET EIT 


As sucrose represents glucose and fructose less 1 mol. of water, 
its magnetic rotation can be easily calculated. 

The decrease in magnetic rotation caused by the loss of the elements 
of water when alcohol is converted into ethyl ether, acetic and 
propionic acids into their anhydrides, &c., averages about 0°752 (Trans., 
1886, 49, 787), being in some cases a little less, and in others a little 
more than this ; therefore when this value is subtracted from those 
of the two sugars, the difference should approximately give the magnetic 
rotation of sucrose thus : 


a-Glucose +a -fructose, cale.......... 13°768 
BE TED... .<ceccsnsseeed 0°752 


From this it is seen that the experimental number is very much 
lower than the calculated. If, however, the experimental numbers 
of glucose and fructose in solution as B-modifications be taken instead 
of those calculated for the magnetic rotation of the anhydrous or 
a-sugars, the following result is obtained : 
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B-Glucose + 8-fructose found ...... 13°452 


S688 FELD... se 00sscesces 0°752 
(RA IEE PRED 12-700 
SEE axaucdecwestiondaln 12°586 

— 0114 


As the difference between the numbers actually found and those 
calculated in the above way is so small,* it would seem that sucrose 
is apparently built up of the isomeric or B-forms of glucose and fructose, 
and not of the aldehydic and ketonic forms. 

If, then, sucrose is built up of the isomeric forms of glucose and 
fructose, it will probably have the formula : 


Jr CH,-OH 
/ OH-0H ill 
ON. GH OH af | CH-OH 
CH ‘\ GH-OH y 
H-OH CH 
CH,-OH CH,-OH 


and its constitution in the dry state and in solution will most likely 
be the same, since it does not exhibit the phenomenon of birotation. 

The above formula for sucrose has already been proposed by E. 
Fischer (Ber., 1893, 26, 2405); it is a modification of that suggested 
by Tollens (Ber., 1883, 16, 923), and clearly shows that when sucrose is 
hydrolysed it should at first be resolved into the isomeric or B-modifi- 
cations of glucose and fructose : 


Fi aps CH,"OH 
O é CH:OH C-OH 
\ (08 4 O g CH-OH 
CH \ (HOH 
CH:OH CH 
CH,"OH CH,°OH 
B-Glucose. 8-Fructose, 


Maltose and Lactose. 


These sugars differ in a marked manner from sucrose in that they 
possess birotatory and cupric reducing powers ; there can therefore be 
no doubt that they must have a structure essentially different from 
that of sucrose. 


* If, as supposed, the numbers found for these 8-compounds are a trifle high, on 
account of the solution containing a little of the a-compounds (see p. 182), this 
difference would be still smaller. , 


186 PERKIN: THE MAGNETIC ROTATION OF SOME 


In order to account for this difference, E. Fischer (oc. cit.) suggests 
the following formula for lactose : 


CH,-OH CHO 
qe OH CH-OH 
H:OH 
Ls Sa OH H-OH 
\ Ge OH 'H:OH 
CH O CH, 
Galactose radicle, Glucose radicle, 


In this, the galactose radicle is represented as in the B- and the 
glucose radicle in the a-condition, whilst if this formula be applied to 
maltose, one glucose radicle will be in the B- and the other in the 
a-condition. On investigating this matter, it was at first thought that 
the view of the difference in constitution between maltose and lactose 
on the one hand, and of sucrose on the other, received some immediate 
confirmation from the results of the magnetic rotations of the former, 
which are rather higher than the value obtained for sucrose ; no doubt 
this has a bearing on the subject, but it is doubtful whether any great 
importance can be attached to this difference. From the fact, 
however, that these carbohydrates contain a glucose instead of a 
fructose radicle, their magnetic rotations should be about 0:057 higher 
than that of sucrose. The rotations are as follows: 


TR, GONE onc cvcsesccsccsescnsetss 12°690 
a « swine 12°586 
+0°'104 
I TID icc csvicessecssammasenene 12°714 
RR rrereerr rr rt ren 12°586 
+0°128 


If maltose be first considered, its magnetic rotation, on the assump- 
tion that its constitution is represented by the above formula, may be 
calculated thus : 


B-Glucose, found ...........sseeseeeeeeeeees 6723 
GID: - kn n ne. ccsssecstgidessssvens 6°913 
13°636 

Tess HO...........0.cccccsesscscessseeees 0°752 


Calculated mol. mag. rot. of maltose...12°884 
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This difference is almost exactly the same as that observed between 
a-glucose and -glucose, 0°190 (p. 180), and points to the probability 
that the second or a-glucose radicle in maltose also undergoes con- 
version, either entirely or in part, into the B-modification when the 
sugar is dissolved in water, and that the constitution of dissolved 


maltose is: 


CH,-OH /A0# 
CH-OH of GHOH 
CH \ OH-OH 
i és CH-OH OH 
\ GH-OH CH-OH 
CH O OH, 


The rotation, assuming that in a solution of maltose both glucose 
radicles are in the B-modification, may be calculated as follows : 


Mag. rot. of 2 mols. B-glucose ............ 13°446 
SM TE PD oie ccs ccecseces cescsocsoeisaee 0°752 
12°694 

NE pactteincinscsctissecnsescviones 12°690 

BE: Asndindedinsnnjincadianemeienid 0°004 


The magnetic rotation of /actose, as already stated, was found to be 
12°714, and if this value be examined, it will be seen it also indicates 
that lactose in solution contains both the galactose and glucose radicles 
in the f-condition. It has been seen that galactose when in solution 
is chiefly in the a-condition ; if, however, it were principally in the 
B-condition, its rotation, no doubt, would be similar to that of B-glucose, 
so that the rotation of lactose should be the same, or nearly so, as that 
of maltose, and this is found to be the case, the difference being only 
+ 0020. In the dry state, it probably has the formula proposed by 
E., Fischer, and this is, of course, equally true of maltose. Very prob- 
ably these two carbohydrates, when in solution, always contain a little 
of the glucose radicle in the a- or aldehydic condition. 


EXPERIMENTAL, 
Erythritol, C,H,,0,. 


This substance was purified by recrystallisation from water. The 
solution examined was supersaturated, containing 32°62 per cent. of 
erythritol, it being found possible to measure its rotation before 
— set in ; the composition of the solution was C,H,,0,+ 
14H,0. 


Density, d 15°/15°, 1°1043; d 20°/20°, 1°1033, 
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The average of three sets of determinations of the magnetic rotation 
made at different times was : 


t. Sp. rot. Mol, rot. of sol. Mol. rot. of C,H, 04. 
15°. 1:0220 19°230 5230 


Mannitol, C,H, ,0,. 


This was recrystallised from water before use. As in the case of 
erythritol, a supersaturated solution was employed ; it contained 18°176 
per cent. of mannitol, its composition being C,H,,0, + 40H,0. 


Density, d 15°/15°, 1:0752 ; d 20°/20°, 1°0746. 


The average of four sets of measurements of the magnetic rotation 
made at different times gave: 


t. Sp. rot. Mol, rot. of sol. Mol. rot. of C,H,,0,. 
17°5° 1:0154 47°351 7°351 


Glucose, C,H,,0,. 


Two specimens of this substance were examined, one obtained from 
Kahlbaum, and the other, a very pure preparation, for which I am 
indebted to Dr. Horace Brown. With the former, four sets of 
measurements were made on different occasions and with solutions of 
various strengths, the most dilute being represented by C,H,,0,;+ 
20H,0, and with that from Dr. Horace Brown also four measurements 
were made, but with only one strength, represented by C,H,,0,+11H,O 
and containing 47°619 per cent. of C;H,,0,. The products used were 
the monohydrate dried over sulphuric acid in a vacuum : 


The density of the solution C,H,,.0,+11H,O was d 15°/15°, 1:2147 ; 
d 20°/20°, 1°2135. 


Magnetic rotation : 


t. Sp. rot. Mol. rot. of sol. Mol. rot. of CgH,.0g. 
15° 10261 17°723 6723 


The average of the measurements made with Kahlbaum’s specimen 
was 6°715, which is very close to the above. 

The permanent optical rotation of the solution containing 47°619 per 
cent. of C,H,,0, was [a]p 56°22° at 16°9°. This is a little higher than 
that given for weak solutions. 

If the magnetic rotations be calculated on the assumption that the 
glucose has assimilated a mol. of water and thus become a heptahydric 
alcohol, the solution will then have the composition C,H,,0, + 10H,0. 
The calculation will be the same as the above, only the value of 10 
instead of 11 mols. of water will have to be subtracted from the mole- 
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cular rotation of the solution, and the rotation of the alcohol will thus 
become 7°723. 
Frucose, C,H,,05. 

This was prepared from inulin and obtained from Kahlbaum. It 
was dried over sulphuric acid and its composition checked by a 
combustion ; it gave C, 39°8, and H, 6°8, the formula C,H,,0, requiring 
C, 40:0, and H, 6°7 percent. Its solution was examined in one strength 
only, containing 50 per cent. of fructose and represented by C,H,,0, + 
10H,0. 

Density, d 15°/15°, 1°2226 ; d 20°/20°, 1°2211. 


The average of five sets of measurements of the magnetic rotation, 
made on different occasions, gave : 


t. Sp. rot. Mol, rot. of sol. Mol. rot. of CgH..0g. 
15° 10227 16°729 6°729 


Optical rotation [a }p 96°19° at 15°. 


Galactose, C,H, ,O,. 


This substance was examined in a very supersaturated solution, 
from which it does not crystallise very quickly. It contained 50 per 


cent. of the sugar, its composition being represented by C,H,,0,+ 
10H,0. 


Density, d 15°/15°, 1:2311 ; d 20°/20°, 1:2299. 


The average of four sets of measurements of the magnetic rotation, 
made on different occasions, gave 


t. Sp. rot. Mol. rot. of sol. Mol. rot. of CgH,,0g,. 
15° 1:0396 16°887 6887 


Optical rotation [a], 84°23° at 14°6°. 


Sucrose, C,.H,,0,,. 


The specimen used was ordinary sugar recrystallised from alcohol 
(75 per cent.). The composition of the solution used was represented 
by C,,H,.0,, + 19H,0, and contained 50 per cent. sucrose. 


Density, d 15°/15°, 1-2327; d 20°/20°, 1:2316. 


The magnetic rotation, determined on four different occasions, was : 


t. Sp. rot. Mol, rot. of sol. Mol. rot. of C,g.H.0,;. 
15° 10247 31°586 12°586 

Optical rotation [a], 66°51° at 17°, 
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Maltose, C,,H,,0,,. 


For a very pure specimen of this compound, I am indebted to Dr, 
Horace Brown. The solution employed contained 47°5 per cent. of the 
sugar, its composition being represented by C,,H,,.0,, + 20H,0. 


Density, d 15°/15°, 1:2214 ; d 20°/20°, 1:2205. 


The average of three sets of measurements of the magnetic rotation, 
made on different occasions, gave : 


t. Sp. rot. Mol. rot. of sol. Mol. rot. of C),H,,.0)). 
15° 1:0288 33°690 12°690 


Optical rotation [a], 137:0° at 16°7°. 


Lactose, C,.H,,0,). 


This was obtained from Kahlbaum and was purified by fractional 
crystallisation, the crop deposited during the first 12 hours being 
rejected. It was dried in a vacuum over sulphuric acid. The solution 
used was a supersaturated one containing 33°333 per cent. of the 
sugar, and had the composition C,,H,,0,, + 41H,0. 


Density, d 15°/i5°, 1°1413 ; @ 20°/20°, 1-1406. 


The magnetic rotation, as determined four times on different occa- 
sions, was : 


t. Sp. rot. Mol. rot. of sol. Mol. rot. of C,.H.O0,). 
184° 1:0213 53°714 12°714 


Optical rotation | a]p 52°6° at 18° 


Summary. 


The chief results obtained in this investigation go to show: 

(1) That*the influence of successive hydroxyl groups in polyhydric 
alcohols on the magnetic rotations diminishes as they increase in 
number, until about the seventh is reached, when it becomes almost 
nil, 

(2) That solutions of glucose and fructose, after all change has 
taken place, give magnetic rotations which indicate that birotation 
is not due to hydration, but that it is caused by a change in the 
constitution of these substances. 

(3) That galactose, when in solution, does not undergo isomeric 
change to so large an extent as glucose. 

(4) That sucrose is built up of the isomeric or B-forms of glucose 
and fructose by the elimination of the elements of a mol. of water. 


i nm nmin ton 2m « 
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(5) That maltose is formed from 1 molecule of glucose in the 
aldehydic or a-condition and 1 molecule in the isomeric or B-condition 
by the elimination of the elements of a mol. of water and that lactose 
is similarly derived from 1 molecule of a-glucose and 1 of f-galactose, 
both being constituted in a similar manner to that proposed by E. 
Fischer for lactose, also that when in solution these sugars undergo 
isomeric change, the a-portion becoming transformed, more or less, 
into the B-condition. This change accounts for the birotation and cupric 
reducing power of the two sugars. 


XX.—The Constitution of Hydrocyanic, Cyanie, and 
Cyanuric Acids. 


By F. D. Carraway and J. Metto WapMmorE. 


A.tHouGH the simplest cyanogen derivatives have been for more than 
a century among the most familiar of carbon compounds, there is no 
general agreement as to their constitution. They all contain a carbon 
and a nitrogen atom associated together, and different opinions are 
held as to the manner in which hydrogen or halogen atoms are at- 
tached to this group. 

Asarule, well-defined classes of alkyl derivatives corresponding with 
each possible structure are known, the behaviour of which leaves no 
doubt concerning their molecular arrangement, but the reactions of 
the cyanogen acids, their salts and halogen derivatives, are contradic- 
tory, and apparently equally well-established facis lead to opposite 
conclusions. 

Hydrocyanic acid, cyanogen chloride, cyanic and cyanuric acids, for 
example, may have the following structures : 


C-OH CO 
H-CiIN) or H-N:C < \ or af ¥ 
ClCIN or Cl-N:C Zz. 4 G0 
H-O-CiN or O:0-N-H Pras P “ Dae 
N NH 


The formule generally adopted are those given first, the hydrogen, 

halogen, and hydroxyl being regarded as attached to the carbon atom. 

The knowledge which we have recently acquired of the strikingly 

different behaviour of halogen when attached to carbon or to nitrogen 

made it probable that a study of the action of halogens on the 
o 2 
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cyanogen acids, and of the derivatives thereby produced, would afford 
direct evidence as to their constitution. Speaking generally, imino- 
hydrogen is more readily replaced by halogen than hydrogen attached 
to carbon, and the imino-halogen compounds are characteristically 
reactive, while the carbon halogen linkage is comparatively stable. 

Cyanogen chloride, bromide, and iodide were among the earliest 
discovered compounds of cyanogen, as they are formed with the 
greatest ease by the action of the halogens on aqueous solu- 
tions of hydrocyanic acid or its salts. A careful study of the be- 
haviour of these compounds shows that they possess all the typical 
and characteristic properties of compounds having halogen attached 
to nitrogen. 

They react, for example, quantitatively with solutions of hydriodic 
acid, sulphurous acid, and bydrogen sulphide, hydrocyanic acid being 
in each case reformed, while iodine, sulphuric acid, and sulphur are 
respectively produced. 

Taking cyanogen bromide, for example, the reactions are repre- 
sented by the equations: 


O:N-Br + 2HI = O:N-H + HBr + I, 
C:N-Br + H,SO, + H,O = O:N-H + HBr + H,S80,. 
C:N-Br + H,8 = O:N-H + HBr + §. 


. This behaviour shows that the halogen is attached to nitrogen and not 
to carbon in these compounds, and that, consequently, they must be 
represented by the formule : 


C:N:Cl; C:N’Br and C:N°I. 


The carbon is conventionally represented as divalent, and the nitrogen 
as trivalent; no very different conception, however, would be ex- 
pressed if the carbon were represented as tetravalent and the nitrogen 
as pentavalent, since what is implied is that the carbon is attached 
to the nitrogen by the resultant affinity which, under the circum- 
stances, the atoms are capable of exerting. 

The ease with which the cyanogen halogen compounds can be formed 
from prussic acid and its salts, and again transformed into them, 
makes it in the highest degree probable that these have the imino- 
constitution, and hence should be represented by the formule : 


C:N-H C:N-K C:N-Ag. 
This conclusion, moreover, is the only one which will satisfactorily 


explain their whole chemical behaviour.* 
The relations of the cyanides and cyanogen chloride to cyanic acid 


* We have not thought it necessary to go into explanatory details as these can be 
easily supplied. 
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and its salts have been among the chief reasons which led to the 
adoption of the hydroxy-formule : 


N:C°OH N:C*0°K. 


for these compounds. 

Since, as we have just shown, the former are imino-compounds 
these relations become reasons for adopting the alternative imino- 
structure : 


0:C-NH and O:C:N-K, 


For example, the production of potassium cyanate, when cyanogen 
chloride is treated with aqueous potash, has been used as an argument 
for the hydroxy-constitution, since if the chlorine in cyanogen chloride 
is attached to carbon, it could be regarded as a normal case of 
hydrolysis : 

NiC@-Cl + 2KOH = KCl + NiC-O°-K + H,0. 


Cyanogen chloride, however, has the imino-structure, and the reaction 
becomes an argument in the other direction, for a comparison of this 
behaviour with that of the analogous cyanogen iodide shows that it 
must be regarded as a normal hydrolysis of a nitrogen chloride 
followed by oxidation of the potassium cyanide first formed : 


C-N-Cl + 2KOH = CO:N-K + KOC! + H,0. 
= O:C:N-K + KCl + H,0O. 


Analogy with cyanuric acid also is in favour of the imino-structure. 

The action of chlorine on a solution of potassium cyanurate is 
precisely similar to its action on potassium cyanide, the potassium 
atoms are replaced by chlorine, and a well-defined crystalline com- 
pound is produced, thus : 


C,K,N,0, + 3Cl, = 0,C1,N,0, + 3KCL 


The entire chemical behaviour of this substance shows that the whole 
of its halogen is attached to nitrogen. It liberates chlorine when 
treated with hydrochloric acid, iodine with hydriodic acid, and 
oxidises sulphurous to sulphuric acid. Cyanuric acid is, in each case, 
reformed, and the reactions are quantitative ; the action with hydro- 
chloric acid, for example, takes place according to the equation : 


C,Cl,N,0, + 3HCl = O,H,N,O, + 3Cl,. 


It is hydrolysed by water or alkalis, yielding hypochlorous acid or 
hypochlorites. It reacts explosively with a strong ammonia solution, 
nitrogen being liberated, and also with a solution of hydrogen sulphide, 
setting free sulphur. Cyanuric acid is in each case reformed. The 
compound must therefore be trichloriminocyanuric acid. 
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Since cyanurates are so readily and completely converted into this 
trichlorimino-derivative, and the latter in many reactions equally 
readily and completely again into cyanuric acid, we are justified in 
concluding that Hofmann was in error in assigning a hydroxy- 
constitution to the acid and its salts, and that, on the contrary, they 
have the imino-constitution, and assuming the correctness of the 
cyclic structure that they must be expressed by the formule 


co co co 
‘ 

HN N H KN N K CIN NCl 
OC CO OC CO oC CO 
au’ MO ut 

NH NK NCl 
Cyanuric acid. Potassium cyanurate. Trichlorimino- 


cyanuric acid. 


A similar study of the behaviour of cyanuric chloride and bromide 
confirms Hofmann’s conclusion that in them the halogen is attached 
to the carbon and not to the nitrogen. They do not liberate iodine 
from hydriodic acid or sulphur from hydrogen sulphide, nor do they 
oxidise sulphurous acid, even when heated to 100° with these 
reagents. 

This constitution, however, was to be expected from the structure 
of the cyanogen halogen compounds, from which they are produced by 
polymerisation under the influence of halogen acids. , 

Cyanogen chloride and bromide, as we have shown, are chlorimino- 
derivatives in which the carbon being unsaturated is able to combine 
with two monad atoms. In the polymerisation, the halogen acid 
in all probability first adds itself on forming molecules having the 
constitution : 


a 
G>C:N-Cl or pL O:N'Br, 


which, on coming into contact, unite into ring systems of normal 
structure with elimination of halogen acid, thus : 


H l 4 
Ol Ol 
IN S74 W JX 
asc 0k - N N + 3HCL. 
i NZ Nol ac O-0l 
re \Z 
N 


As Hofmann has pointed out, all the relations of the cyanogen 
group can only be explained by assuming isomeric change to occur in 
certain reactions ; the issue is as to where this takes place. 
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Cyanuric chloride, as is well known, yields cyanuric acid and 
hydrochloric acid on prolonged heating with water, the reaction being 
more rapid if alkalis are present. This and the corresponding con- 
version of cyanuric acid into cyanuric chloride by phosphorus 
pentachloride are the chief grounds on which Hofmann assigned the 
hydroxy-structure to the acid. 

If, however, the views now put forward as to its constitution are 
correct, these are the reactions where isomeric change occurs, and 
analogous behaviour in other well-established cases renders this 
probable. We must assume that in the hydrolysis of cyanuric 
chloride normal cyanuric acid is first formed, but as in many cases 


O- 
where we have the grouping _ | , the configuration is unstable 


O 
and passes into the stable arrangement Pea , so here we have an 


intramolecular change, the stable imino-form of ordinary cyanuric 
acid being the result : 


CCl C-OH co 
ZN ZN fy 

N N N N HN NH 
Ul ! Ul | | | 

cic CCl HO:C C-O0H oc CO 
\Z \ZF Ya 
NH N NH 


The action of phosphorus pentachloride on cyanuric acid is probably 
analogous to its action on amides, the replacement of an oxygen atom 
by two chlorine atoms being followed by the elimination of hydrogen 
chloride : 


Cl Cl 
O “7 Cl 
C JN C 
ZN rs 
HN NAR -—» HN NH _, N N 
| l Ch. | Ol tI I 
oc CO YK cic. CCl 
bd ory 7 ul ba 
NH NH N 
EXPERIMENTAL. 


Cyanogen Chloride, C:N-Cl. 


This compound shows the characteristic behaviour of a nitrogen 
chloride, although it reacts less readily than is usual with such 
substances. When hydriodic acid is added to an aqueous solution 
of cyanogen chloride at the ordinary temperature, very little iodine is 
liberated ; the amount, however, increases slowly on standing, rapidly 
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on heating to near 100°, until it reaches about 80 per cent. of that 
required by the equation : 


C:N-Cl + 2HI = CO:N-H + HCl + I,. 


If the heating be prolonged, the free iodine slowly disappears, 
probably owing to hydrolysis of the hydrocyanic acid, and oxidation 
of the formic acid or ammonia produced. 

When aqueous solutions of cyanogen chloride and hydrogen sulphide 
are heated together to 100°, sulphur is set free in considerable quan- 
tity ; the hydrocyanic acid formed is mainly hydrolysed, but a small 
amount escapes decomposition and combines with some of the liberated 
sulphur to produce thiocyanic acid. 

Similarly, when solutions of cyanogen chloride and sulphurous acid 
or sulphites are heated to 100°, the latter are oxidised while the hydro- 
cyanic acid is destroyed, probably hydrolysed. 

No liberation of chlorine can be detected when a solution of cyanogen 
chloride is heated with hydrochloric acid to 100° ; the cyanogen chloride, 
however, is completely decomposed at this temperature. 

The production of potassium cyanate and chloride by heating cyano- 
gen chloride with caustic potash is probably due to the normal hydro- 
lysis which all chlorimino-compounds undergo, followed by a subse- 
quent oxidation of the cyanide by the hypochlorite formed. 


C:N-Cl + 2KOH = C:N-K + KOC! + H,O = O:C:N-K + KCl + H,0. 


Cyanogen Bromidé, C:N:Br. 


Cyanogen bromide is much more reactive than cyanogen chloride. 
At the ordinary temperature, it liberates iodine from hydriodic acid, 
sulphur from hydrogen sulphide, and oxidises sulphurous acid or sodium 
sulphite. All these reactions are quantitative, hydrocyanic and hydro- 
bromic acids being formed in equivalent amount. 

A weighed quantity of cyanogen bromide was added to an excess of 
a solution of hydriodic acid made by dissolving 10 grams of potassium 
iodide in 100 c.c. of a 5 per cent. solution of acetic acid ; hydrocyanic 
acid and iodine were at once liberated, the latter being then estimated 
by sodium thiosulphate : 


0°2439 liberated I= 46 c.c. V/10 iodine. Br as ‘-N-Br=75-4.* 
C:N-Br requires 75°43 per cent. 


A weighed quantity of cyanogen bromide was added to an excess of 
an approximately decinormal solution of hydrogen sulphide ; sulphur 
* Throughout this paper the results are calculated on the assumption that the 


substances under consideration react as typical nitrogen halogen compounds, the 
numbers are then compared with the percentages calculated from the formule. 


eet 
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was at once deposited and hydrobromic and hydrocyanic acids formed, 
together with a little thiocyanic acid, produced by the action of the 
sulphur on the latter ; the excess of hydrogen sulphide was then esti- 
mated by a solution of iodine : 


0°4791 reacted with 90°7 c.c. V/10 H,S/2. Br as :-N-Br= 75°68. 
C:N-Br requires 75°43 per cent. 


A similar procedure was adopted in studying the reaction with 
sulphurous acid. A weighed quantity of cyanogen bromide dissolved 
in dilute acetic acid was added to an excess of a decinormal solution of 
sodium sulphite, and then the excess of the latter estimated by a solu- 
tion of iodine : 


05050 reacted with 95°25 c.c. V/10 Na,SO,/2. Br as -N-Br=75°41. 
C:N-Br requires 75°43 per cent. 


No bromine is liberated when cyanogen bromide is heated with a 
solution of potassium bromide made acid with acetic acid, or when it 
is heated with strong hydrochloric acid to 100°, although in the latter 
case it is decomposed just as cyanogen chloride is when similarly 
treated. 


Cyanogen Iodide. 


Cyanogen iodide is more reactive than cyanogen chloride or cyanogen 
bromide, and behaves as a typical nitrogen iodide. It reacts with 
hydriodic acid, liberating iodine, with hydrobromic acid liberating 
bromine and iodine, with hydrochloric acid forming iodine monochloride ; 
it oxidises sulphurous acid and sodium sulphite, forming sulphates and 
sets free sulphur from hydrogen sulphide. Its behaviour towards several 
of these substances was very carefully studied by E. von Meyer (J. pr. 
Chem., 1887, [ii], 35, 292). He showed that the reaction between 
hydrocyanic acid and iodine is a reversible one, and that two molecules 
of sulphur dioxide completely reduce two molecules of cyanogen iodide 
to hydrocyanic and hydriodic acids. He, however, writes the formula 
ICN, and concludes his paper by stating that it is the only oxygen-free 
iodide soluble in water which shows the surprising behaviour of 
liberating iodine under the action of reducing agents, but of remaining 
unattacked by reagents which set iodine free from other iodides. 

We have quantitatively studied the behaviour of cyanogen iodide in 
order to compare it with that of the bromide and the chloride. A 
weighed quantity of cyanogen iodide was added to an excess of a solu- 
tion of 10 grams of potassium iodide in 5 per cent. acetic acid ; hydro- 
cyanic acid and iodine were at once liberated, the amount of the latter 
being then estimated by sodium thiosulphate : 


0:2964 liberated I= 38-8 c.c. W/10 iodine. I as ‘N-I=83-02. 
C:N-I requires 82°97 per cent. : 


— 
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This result is exactly that required by the equation : 
C.N-I + HI = C'N-H + I, 


When cyanogen iodide is dissolved in an excess of strong hydrochloric 
acid at the ordinary temperature, very little action takes place, but on 
warming to 20—30° the liquid becomes orange-coloured, owing to the 
formation of iodine monochloride, and the colour deepens as the tem- 
perature rises. There is no liberation of free iodine even on boiling 
the solution, Hydrocyanic acid is also produced. In one experiment, 
the iodine monochloride was distilled off into a solution of potassium 
iodide, and the liberated iodine estimated. The amount of iodine 
monochloride obtained was about 2 per cent. below that required by 
the equation 
C:N-I + HCl = C:N-H + ICl. 


The loss is probably due to the hydrolysis of a small amount of the 
hydrocyanic acid and partial oxidation by the iodine monochloride of 
the products. 

When cyanogen iodide is similarly treated with hydrobromic acid, 
both iodine and bromine are evolved, but, as with hydrochloric acid, 
the amount falls somewhat short of that required by the equation 


C:N:'I + HBr = C:N-H + BrI, 


probably from a similar cause. 

When a solution of sulphurous acid is slowly added to cyanogen 
iodide, iodine is liberated, hydrocyanie acid and sulphuric acid being 
simultaneously formed ; if, however, the iodide be added to an excess 
of sulphurous acid, no liberation of halogen occurs (compare Strecker, 
Annalen, 1868, 148, 90). 

A weighed quantity of cyanogen iodide was added to an excess of a 
decinormal solution of sodium sulphite so that no iodine was set free, 
and the excess of sulphite estimated by a dilute solution of iodine : 


0°2960 oxidised 38°7 c.c. of V/10 Na,SO,/2. I as -N-I=82°92. 
C:N-I requires 82°97 per cent. 


The action takes place aceording to the equation 
2C:N-I + H,SO, + H,O = 2C:N-H + H,SO,. 

Sulphur is set free and hydrocyanic and hydriodic acids are formed 
when cyanogen iodide is added to an excess of a solution of hydrogen 
sulphide. If the latter is slowly added to the iodide, iodine is also 
liberated, owing to the action of the hydriodic acid first formed on 
the unchanged cyanogen iodide. A little thiocyanic acid also is always 
formed from the interaction of some of the hydrocyanic acid with the 
sulphur, 


———— 
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In the following experiment, cyanogen iodide was added to an ex- 
cess of hydrogen sulphide, the amount of the latter remaining unacted 
on being estimated by a solution of iodine : 


0:2896 reacted with 37°9 c.c. V/10 H,8/2. I as -N-I1=83. 
C:N-I requires 82:97 per cent. 


The result is expressed by the equation 
20:N'I + H,S = 2C:N-H + 2HI + S&S. 


Its behaviour towards a solution of potassium hydrate also shows 
that in it the halogen is attached to nitrogen, and affords an explana- 
tion of the apparently different action of the similarly constituted 
cyanogen chloride and bromide. 

When it is added to a boiling solution of caustic potash, it is at once 
decomposed ; among other products, a small quantity of potassium 
iodate is formed. Cyanogen chloride and bromide, when similarly 
treated, form no chlorate or bromate. All the cyanogen halogen com- 
pounds, however, are readily decomposed by caustic alkalis, yielding 
cyanates. 

The nitrogen halogen linkage, as is well known, behaves in a char- 
acteristic way on hydrolysis, the halogen being invariably replaced by 
hydrogen and becoming itself attached to the residual hydroxyl, 
thus : 

‘N-X + H-O-H = -N-H + X:O-H. 

It is thus sharply distinguished from the carbon halogen linkage, 

where the opposite happens, thus : 


‘CX + HO-H = -C:0°H + XH. 


The formation of iodate in the reaction between cyanogen iodide and 
potash shows that, at first, nitrogen halogen hydrolysis undoubtedly 
takes place, thus : 


C:N-I + 2KOH = C:N-K + KOI + H,0. 


A certain amount of the hypoiodite, on account of the ease with which 
it is transformed into iodide and iodate, escapes reduction by the cyanide 
simultaneously formed, a reaction which results in the production 
of cyanate : 
CON-K + K:O-I = O:C'N-K + KI 

In the cases of cyanogen chloride and bromide, the hypochlorite and 
hypobromite, which must first be formed, do not transform so readily, 
and consequently are wholly reduced. 
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Cyanuric Chloride and Bromide. 


These compounds show none of the reactions characteristic of the 
halogen nitrogen linkage. 

Small quantities of each were taken and heated for 30 minutes at 
100° in stoppered bottles, air being excluded, with solutions of hydr- 
iodic acid, hydrogen sulphide, and sodium sulphite. No iodine or sul- 
phur was liberated, nor was the sulphite oxidised. This behaviour is 
in agreement with Hofmann’s view of their constitution, deduced from 

_altogether different reactions, and with the formula assigned to them 
by him and generally adopted : 


CCl CBr 
ZN ZN 
1 * 1 * 
CIC CCl BrC CBr 
\FZ i 
N N 
Co 
re. 
CIN NCI 


Trichloriminocyanuric Acid, 54 Ao 
NZ 


This compound is prepared with the greatest ease by dissolving 
cyanuric acid in the theoretical quantity of a 5 per cent. solution of 
caustic potash and passing a rapid stream of chlorine through the 
liquid cooled to 0°. 

Trichloriminocyanuric acid separates as a heavy, white, crystalline 
powder which is obtained perfectly pure by washing a few times with 
water and drying rapidly on a water-bath : 


0,0,N,K, + 3Cl = 0,C,N,Cl, + 3KCl. 


Using about 3 grams of acid, a yield of more than 90 per cent. of the 
theoretical is obtained. If a larger quantity than this be used or the 
temperature be allowed to rise, the yield is much diminished and the 
product is more or less impure. 

Trichloriminocyanuric acid is a white, crystalline powder which, 
under the microscope, is seen to consist of short prisms. It has a 
characteristic odour resembling that of hypochlorous acid. It dis- 
solves to some extent in water and glacial acetic acid on heating, but 
the greater part undergoes hydrolysis; it is very slightly soluble in 
chloroform, but insoluble in light petroleum. Jt melts at about 
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245°. Its behaviour is in every way that of a typical nitrogen 
chloride. When added to strong hydrochloric acid, chlorine is 
liberated, the halogen escaping rapidly with effervescence ; it liberates 
bromine from hydrobromic acid, iodine from hydriodie acid; it 
oxidises sulphites to sulphates and sets free sulphur from hydrogen 
sulphide, cyanuric acid in all cases being reformed. When added to 
ammonia a violent action which may become explosive takes place, 
nitrogen is evolved, and cyanuric acid reformed. When boiled 
with water, dilute acids or alkaline hydroxides, it is hydrolysed, 
cyanuric acid and hypochlorites or the products of their transformation 
chlorides and chlorates, being produced. 

The percentage of chlorine was estimated by Carius’ method, and 
several of the reactions referred to above have been quantitatively 
studied : 


0°3280 gave 0°6052 AgCl. Cl= 45°62. 
0,C,N,Cl, requires Cl= 45°75 per cent. 


A weighed quantity was added to a solution of potassium iodide, 
made acid with acetic acid, and the iodine liberated estimated by 
thiosulphate : 


0°4177 liberated I=107°9 c.c. V/10 iodine. Cl as ‘N-Cl= 45-78. 


CO 
BY a requires 45°75 per cent. 
N-Cl/; 


A weighed quantity was dissolved in acetic acid, an excess of an 
approximately decinormal solution of sodium sulphite was added, and 
the excess afterwards estimated by a standard solution of iodine. 


0:2783 oxidised 71°9 c.c. V/10 Na,SO,/2. Clas -N-Cl= 45°79. 


CO 
¥™% requires 45°75 per cent. 
N-o1/, 


A weighed quantity was heated with an excess of strong hydro- 
chloric acid, in a current of carbon dioxide, in an apparatus with 
ground glass joints (Chem. News, 1899, 85) and the evolved chlorine 
passed into a solution of potassium iodide, 


0:4689 evolved Cl=120°9 c.c. V/10 iodine. Clas -N-Cl=45°7, 
CO 
/ % requires 45°75 per cent. 
N-Cl/, 


These actions are represenie] by the equations: 
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CO co 
f™® + 3HCl = C \e + 3Cl,. 
N-cl/, N-H/, 


co CO 
e™ +6HI =(/\ + 31, + 3HCI. 
N-cl/, NH /s 


C 
/\ ) + 3H,S0, + 3H,0 = 
8 


CO 
/\ ) + 3H,SO, + 6HCI. 
8 


The reaction with hydrogen sulphide cannot be used to estimate 
the amount of chlorine attached to nitrogen, as this substance, like all 
nitrogen chlorides, oxidises a variable amount of the liberated sulphur 
to sulphuric acid. 


Action of Bromine on Potassium Cyanurate. 


When bromine is added to a solution of cyanuric acid in the theor- 
etical amount of a 5 per cent. solution of caustic potash, a pale 
yellow substance separates from the liquid. This on exposure to air 
rapidly decomposes, bromine being evolved; it cannot therefore be 
freed from water and analysed. It liberates iodine from hydriodic 
acid and violently decomposes ammonia with evolution of nitrogen, 
cyanuric acid being reformed in each case. When dried over sulphuric 
acid in an atmosphere of bromine, a pale orange-coloured powder is 
obtained which gives off bromine slowly at the ordinary temperature, 
rapidly at 100°, leaving an orange powder having properties similar 
to those of the original substance. We have not yet been able to 
obtain a product which we could regard as a pure substance, the com- 
position varying considerably with slight differences of procedure. A 
very large number of analyses of different specimens seems to show that 
the body first formed is a bromine additive product of a bromimino- 
derivative of cyanuric acid, in which, however, all the imino-hydrogen 
of the cyanuric acid is not replaced. 


Action of Chlorine and Bromine on Potassium Cyanate. 


Attempts to prepare a chlorimino-derivative of cyanic acid have 
hitherto been unsuccessful. When chlorine is passed into a cold solu- 
tion of potassium cyanate, itis absorbed, gas is evolved, and a white, 
crystalline powder separates, a very pungent odour, somewhat resem- 
bling that of cyanogen chloride, being noticed during the reaction. 


ma mene 6oawvaerd & 
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The white solid thus obtained is, however, cyanuric acid containing a 
little (5 to 6 per cent.) trichloriminocyanuric acid ; on treating with 
hydrochloric acid or ammonia to decompose the latter and recrystal- 
lising from water, pure cyanuric acid is obtained. 

The action of bromine on a solution of potassium cyanate is similar 
and results in the production either of cyanuric acid or of the pro- 
duct already described as resulting from the action of bromine on a 
solution of potassium cyanurate. If bromine be added to a 25 
per cent. solution of potassium cyanate, rapid evolution of nitrogen 
and carbon dioxide (approximately in the proportion N, : 2CO,) takes 
place, and the temperature rises to about 80°, if the addition be con- 
tinued until an excess has been added and this be then removed by 
boiling ; cyanuric acid crystallises out on cooling. If the solution of 
cyanate be cooled in a freezing mixture and the bromine be added 
cautiously, similar effervescence takes place and a yellow solid separ- 
ates which in its composition and reactions resembles closely that 
obtained by the action of bromine on potassium cyanurate; for 
example, it liberates iodine from hydriodic acid and nitrogen from 
ammonia, cyanuric acid being in each case produced. 

We are at present engaged in a study of various other reactions of 
the cyanogen halogen derivatives which appenes likely to throw 
additional light on their structure. 


St. BARTHOLOMEW’sS HOSPITAL AND COLLEGE. 
Lonpon, E,C. 


XXI.—Myricetin. Part I. 
By Artour GroRGE PERKIN, F.R.S.E. 


MyRIceETIN was first isolated from the bark of the Myrica nagi (Trans., 
1896, 69, 1287), and subsequently was found to be present in the 
leaves of Rhus coriaria, cotinus, and metopium, in the Myrica gale, 
Pistachia lentiscus, and Hematoxylon campeachianum. Its molecular 
weight is represented by the formula C,,H,,O,; it forms crystalline 
acid compounds, an hexa-acetyl derivative, and by fusion with alkali 
yields phloroglucinol and gallic acid ; these facts, together with the 
similarity of its dyeing properties and those of quercetin, indicate that 
it has the constitution of an hydroxyquercetin. The quantity of 
colouring matter available for the above experiments was very small, 
as the Myrica nagi contained but 0°27 per cent., and sumach only 0°11 
per cent. ; moreover, the stock of the former, a material not easy to 
obtain, was soon exhausted. Although attempts to accumulate 
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sufficient myricetin were made from time to time, they had to be 
abandoned, and it is only lately, owing to the kindness of Professor 
E. Joshitake, of Tokio, that an extract of the Myrica nagi was 
obtained, by means of which the following work could be carried out. 


EXPERIMENTAL. 


The extract, a brownish-black, brittle mass, was treated with ten 
times its weight of hot water, and. when cold the clear liquid was 
decanted, the residue again washed twice in a similar manner, and 
drained on a porous tile. It was digested with boiling alcohol, 
filtered from insoluble matter, and the filtrate evaporated until crystals 
separated ; these were collected by means of the pump,* washed, first 
with a little alcohol and then repeatedly with increasingly dilute 
alcohol until the washings were almost colourless, The yellowish- 
brown residue was crystallised from dilute alcohol, then converted 
into its acetyl compound, and the latter, when pure, decomposed with 
acid in the usual manner. It was incidentally determined that the 
melting point, 204—206°, previously given for acetylmyricetin, is 
somewhat too low, and should be 211—212°. An analysis of myricetin 
was again made: 


0°1332 gave 0°2744 CO, and 0:0389 H,O. C=56:18; H=3:24. 
C,;H,,O, requires C= 56°60; H =3:14 per cent. 


When crystallised from dilute alcohol, and allowed to dry, myricetin 
has the formula C,,H,,0,,H,O, and this water of crystallisation is best 
removed by heating at 160°, although it is almost entirely evolved at 
100° : 


0°5367 at 160° lost 0:°0290 H,O. Found 5-40. 
04686 ,, 160° ,, 00249 H,O. » #881 
Theory requires H,O = 5°35 per cent. 


Myricetin melts between 355° and 360°. Owing, however, to the 
darkening of the tube, it was difficult to be certain to one degree, 
although 357° is probably correct. 

Bromine Compound.—By the action of bromine on myricetin sus- 
pended in glacial acetic acid, a compound was previously obtained 
which had the percentage composition of tetrabromomyricetin (Joc. cit.). 
Owing to its soluble nature and peculiar dyeing properties, some 
doubt as to its constitution was expressed, it being possible that 
during the reaction a decomposition had ensued. To determine this 
point, the bromine compound was digested for several hours with 
boiling hydriodic acid and the product treated with sodium bisul- 


* Filtrate A (see p, 207). 
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phite solution. The resulting yellow precipitate crystallised from 
dilute alcohol in needles which had all the properties of myricetin 
and gave a colourless acetyl derivative melting at 211—212°. The 
compound in question was thus without doubt tetrabromomyricetin. 


Methylation of Myricetin. 


Four grams of myricetin, dissolved in boiling methyl alcohol con- 
taining excess of methyl iodide, were treated drop by drop with a 
solution of eight grams of caustic potash in methyl alcohol, the 
addition extending over a day and a half. This procedure was 
adopted with the object of preventing an oxidation of the myricetin, 
which readily occurs in the presence of alkali. After removal of 
unattacked methyl iodide and the greater portion of the alcohol by 
distillation, the residue was treated with water, extracted with ether, 
and the ethereal solution washed with dilute caustic potash solution. 
On evaporation, a semicrystalline product remained which was purified 
by repeated crystallisation from alcohol : 


0°1163 gave 0°2630 CO, and 0°0574 H,O. C=61°67; H=5-48. 
01134 ,, 0°2553CO, ,, 0°0549H,O. C=6140; H=5:37. 
01000 ,, 0°3040 AgI. CH,=19°40. 

C,,H,0,(CH,), requires C=61°85 ; H=5°15 ; CH, = 19°33 per cent. 


Myricetin pentamethyl ether forms very pale yellow, almost colourless, 
hair-like needles melting at 138—139°, and is sparingly soluble in cold 
alcohol. On acetylation in the usual manner, it gives an acetyl 
derivative which crystallises from alcohol in colourless needles melt- 
ing at 167—170°. Decomposition with acid indicated the presence of 
one acetyl group : 


0°4342 gave 0°3895 regenerated ether. Found 89°70. 
Theory for loss of one acetyl group requires 90°23 per cent. 


Myricetin thus contains one hydroxyl group which resists methyl- 
ation, and is consequently in the ortho-position to a carbonyl group. 
On treatment with alcoholic potash, the pentamethyl ether yields a 
yellow potassium salt readily decomposed by water. 

On digestion with alcoholic potash at 170° for three hours, myricetin 
pentamethyl ether was decomposed, and from the product of the 
reaction an acid and a phenol were isolated. The acid crystallised in 
colourless needles melting at 164—167°, and was found to be gallic 
acid trimethyl ether. 

: The viscous, readily soluble phenol yielded an azobenzene deriva- 
tive which crystallised from a mixture of alcohol and acetic acid in 
orange-red leaflets melting at 250—252°. This compound is identical 


with that given by rhamnetin, quercetin tetramethyl ether (Proc., 
VOL. LxxxI. » 
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1900, 181), and luteolin trimethyl ether under similar conditions and 
is consequently disazobenzene phioroglucinol monomethyl ether. The 
phenol is thus phloroglucinol monomethy] ether. 


Ethylation of Myricetin. 


Five grams of myricetin dissolved in a boiling mixture of alcohol 
and ethyl iodide were treated during 12 hours with a solution of 
9°5 grams of caustic potash in alcohol, drop by drop. The product of 
the reaction insoluble in alkali was purified by crystallisation from 
alcohol : 


0°1064 gave 0°2600 CO, and 0:0682 H,O. C=66°64; H=7'12. 
01124 ,, 0:2730CO, ,, 0°0710H,O. C=66-24; H=7-01. 
C,;H,0,(C,H;), requires C= 66°66 ; H=6-99 per cent. 


It forms almost colourless needles melting at 149—151°, sparingly 
soluble in cold alcohol. This compound does not contain a free hydr- 
oxyl group, for after digestion with acetic anhydride and sodium 
acetate, its melting point and percentage composition (found C = 66°56 ; 
H=7:01) were unaltered. Further, this product, on treatment with 
sulphuric acid, sustained no loss, 0°4112 and 0°8174 yielding respec- 
tively 0°4116 and 0°8173 gram of unchanged substance. It is thus 
without doubt myricetin hexaethyl ether. 

When decomposed with alcoholic potash at 170°, it yielded, like the 
methyl ether, an acid and a phenol. The former crystallised from water 
in colourless needles or leaflets melting at 111—112°. It was found 
to be gallic acid triethyl ether : 


0°1093 gave 0:2460 CO, and 0°0717 H,O. C=61:38; H=7:28. 
Theory requires C=61°41 ; H=7-09 per cent. 


The phenol dissolved in dilute sodium carbonate solution gave, with 
diazobenzene sulphate, a bright yellow precipitate, which was collected, 
washed, dried, and purified by several crystallisations from benzene. 
It formed glistening, bright yellow needles melting at 163—165°, but 
on account of its ready solubility in the usual solvents, sufficient was 
not available for analysis. From analogy, however, it is probably 
azobenzenephloroglucinol diethyl ether. 

When fisetin tetramethyl ether is decomposed with boiling alcoholic 
potash, it yields veratric acid and fisetol dimethyl! ether, 

OH-C,H,(OCH,)-CO-CH,*OCH,, 
a fact which enabled Herzig (Monatsh., 1891, 12, 187) to determine the 
constitution of fisetin. At this lower temperature, myricetin hexaethyl 
ether is also decomposed, but the products were identical with those 
given by alcoholic potash at 170°, and it thus appears likely that the 
anticipated phloroglucinol derivative is too unstable to be prodaced by 
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this method. The matter is worthy of further experiment, but owing 
to lack of raw material this at present is impossible. 

Monopotassium Myricetin.—When a boiling solution of myricetin in 
absolute alcohol is treated with alcoholic potassium acetate, an orange- 
red, amorphous precipitate separates ; if, however, a slightly dilute 
alcohol be employed, the substance is obtained in a crystalline condi- 
tion. It was collected and washed with alcohol, and dried at 100°, 
when it assumed a dark green colour. When digested with boiling 
water, it is decomposed, with separation of myricetin : 


Found K=11'95. C,,H,O,K requires K = 10-95 per cent. 


Owing possibly to oxidation, the salt could not be obtained in a 
chemically pure condition, but the result is sufficient to prove that 
myricetin reacts in an analogous manner to quercetin and the other 
colouring matters of this group. 


A Glucoside of Myricetin. 


The alcoholic filtrate (A, p. 204) from the crude myricetin, on stand- 
ing overnight, became semisolid owing to the deposition of crystals. 
These were drained from the black, tarry mother liquor, washed first 
with a little alcohol and then with 50 per cent. alcohol until the filtrate 
was nearly colourless. The product was dissolved in boiling water, 
filtered from a small quantity of myricetin, and the crystals which 
separated on cooling again treated in a similar manner. It was now 
twice crystallised from alcohol, and again from water. Myricitrin, the 
name proposed for this glucoside, crystallises from water in pale 
yellow, almost colourless leaflets containing one molecule of water of 
crystallisation ; this cannot be removed at 100°, but is completely 
evolved at 160°: 


1:0925 at 160° gave 0°0420 H,O. Found 3°84. 
1:1390 ,, 160° ,, 0°0475 H,O. Found 4°17. 
Theory requires H,O=3:60 per cent. 
0°1185 at 100° gave 02205 CO, and 0:0520 H,O, C=50°74; H=4°87. 
01098 ,, 160 ,, 0°2098CO, ,, 0°0445H,0. C=52:10; H=4:50. 
01150 ,,160 ,, 0°2181C0, ,, 0°0475H,O. C=51°'72; H=4:59. 
C,,H,,.0,,,H,O requires C=50°40 ; H=4°80 per cent. 
C.,H,,0;5 »  C=52°28; H=4:56 0 


When Slowly heated, it sinters at 197° and melts at 199—200°, and is 

sparingly soluble in water and absolute alcohol. It dissolves in dilute 

alkaline solutions with a pale yellow colour having a faint green tint 

and this solution rapidly becomes brown on exposure to air. Aqueous 

Kt aostate gives a gelatinous, orange-yellow precipitate, and alcoholic 

€rric chloride a deep, greenish-black coloration, In appearance, it 
P2 


| 
| 
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cannot be distinguished from quercitrin, and the dyeing properties of 
the two substances are almost identical : 


Chromium. Aluminium. Tin. Iron. 
Quercitrin. Full brown-yellow. Full golden-yellow. Lemon-yellow. Deep olive. 
Myricitrin. Full brown-yellow. Full golden-yellow. Lemon-yellow. Brown-olive 


Decomposition of the Glucoside—One gram (approx.) of myricitrin, 
dissolved in 500 c.c. of water, was treated with 1 ¢.c. of sulphuric acid 
and digested at the boiling temperature for 45 minutes. Crystals of 
myricetin separated out, and, after standing overnight, were collected, 
washed, and dried at 160° : 


1:0835 air-dried glucoside gave 0°6915 C,,H,,O,. Found 63°85. 
11660 dried at 100° » 0°7427 C,;H,,0O, Found 63°69. 


1:0380 ,, ,, 160° » 0°6800 C,,H,,0,. Found 65°51. 
C,,H,,0,;,H,O requires C,,;H,,0, = 63°60 per cent. 
C,,H,.0)5 ” C,H, 90, = 65°97 ” 


The free colouring matter had all the reactions of myricetin. 

The Sugar.—The acid filtrate from the myricetin was neutralised 
with barium carbonate, filtered, and evaporated to a small bulk. The 
residue yielded a crystalline osazone, which was collected, washed with 
a little ether, recrystallised from alcohol, and finally from alcohol and 
water. It formed yellow needles melting at 181—183°, and was 
identical in properties with rhamnose osazone, a sample of which was 
prepared for comparison from the pure sugar. 

Myricitrin, on hydrolysis, thus gives myricetin and rhamnose, and 
this reaction may be expressed as follows: 


C,,H,,0,, + H,O = C\;H,0, + CgH,,0,. 
It is analogous to quercitrin which, in a similar manner, yields rham- 
nose and quercetin. 

C.,H..0,. +H,O = C,;H, 0, + CgH,,0¢. 


THEORETICAL. 


The remarkable similarity between the reactions of quercetin and 
myricetin, previously pointed out (Coc. cit.), is enhanced by the above 
results, and there seems no reason to doubt that myricetin 1s hydrosxy- 


tin. 
quercetin OH 


O 


LA Aon Ct 
OH CO 
It is interesting that myricetin can so readily be fully ethylated 
with formation of a hexaethyl ether, whereas quercetin, although con- 
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taining five hydroxyl groups, gi¥es but a tetraethyl derivative. This 
distinction is not of importance, in view of the behaviour in this 
respect of other members of the flavone group. Apigenin (Trans., 
1897, ‘72, 805), C,,H,O,(OH),, has given a dimethyl and a diethyl- 
ether ; luteolin (Trans., 1900, '77, 1314), C,,H,O,(OH),, a dimethyl 
ether of methylluteolin and tetraethylluteolin (Herzig, Ber., 1897, 
30, 656), and campherol, C,,;H,O0,(OH,), a dimethyl ether of methyl- 
campherol (Testoni, Gazzetta, 1900, 30, ii, 327); such results are 
thus evidently due to the presence or absence of certain hydroxyl 
groups in these compounds, although in what manner they effect the 
reaction is not at present clear. The resemblance between the dyeing 
properties of quercetin and myricetin has been already alluded to, 
butit is most interesting that quercitrin and myricitrin should ‘behave 
almost identically in this respect. These results indicate as probable 
that in both compounds the sugar group is present in the same posi- 
tion ; further, it is possible, from a knowledge of the dyeing properties 
of some members of the flavone series, to indicate with some certainty 
the locality of this in myricitrin at least. The shades produced from 
fisetin, quercetin (Trans., 1896, 69, 1287) and myricetin 
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are similar in strength and character, and the resemblance in this re- 
spect between quercetin and rhamnetin (quercetin monomethyl ether, 
OCH, =3) has also been pointed out. Consequently, it is evident 
that the hydroxyls 3 and 1 do not appreciably influence the colouring 
effect of quercetin or myricetin, the character of which is due to the 
orthohydroxyls they contain in conjunction with that present in the 
pyrone ring. Now, the dyeing properties of quercitrin and myricitrin 
are almost identical with those of morin, the constitution assigned to 
which (Trans., 1896, 68, 792) is very similar to that of myricetin, 
from which the hydroxyl (4’) has been removed. It is thus likely that 
myricitrin has the constitution 
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and that that of quercitrin may be similarly expressed. The only alter- 

“native formula for myricitrin is that in which the sugar group has 
the position (a); such a compound should, by analogy, dye like 
luteolin, the shades of which (oc. cit.) do not widely differ from those 
given by morin. Employing the monopotassium derivatives of quer- 
cetin and myricetin (loc. cit.), experiments will be carried out with 
the hope of preparing glucosides of these colouring matters. 


The expense incurred during this work has been largely defrayed by 
a grant from the Research Fund of the Chemical Society, and for this 
the author desires to acknowledge his indebtedness. 
CLOTHWORKERS’ RESEARCH LABORATORY, 


DygIne DEPARTMENT, 
YORKSHIRE COLLEGE. 


XXII.—The Colouring Matters of Green Ebony. 


By Artuur Greorce Perxin, F.R.S.E., and Samue, Henry CLIFFORD 
Briees, B.Sc. 


GREEN ebony is a yellow dyewood formerly employed to some extent 
in this country, but now almost entirely replaced by other colouring 
matters. It is native of Jamaica or West India, and according to 
the “‘Treasury of Botany” (1884, p. 437) is obtained from Hacoecaria 
glandulosa or Jacaranda ovalifolia, but the botanical name of that 
employed here is not certain, as this information could not be derived 
from a specimen of the wood alone. The trunk of the tree is about 
six inches in diameter, and the wood, which is very hard and of an 
orange-brown colour, stains the hands yellow when freshly cut. Refer- 
ences to this dyestuff are meagre, and it does not appear to have been 
largely employed. Bancroft (‘Philosophy of Permanent Colours,” IL, 
106, 1813) states, ‘The wood known in England by the name of green 
ebony, possesses a species of colouring matter very similar to that of 
Morus tinctoria in dyeing, and is sometimes employed in its stead,” and 
C. O'Neill (‘‘ Dictionary of Calico Printing and Dyeing,” 1862) men- 
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tions that it is “used principally in dyeing greens and other compound 
shades.” Until recently, it had a limited sale in Yorkshire as a dye 
for leather, particularly hat linings, but appears to have entirely 
passed out of use as a woollen dyestuff. According to Sir Thomas 
Wardle, it is little used in silk dyeing now, but was formerly employed 
for greening blacks, or making the shade more jet coloured. It wasa 
good deal used for making shades less bright or flatter in tone, and in 
France in the “‘avivage ” to give a slightly yellowish tint if the shade 
required it. The raw material was obtained by purchase from Messrs. 
James Richardson and Sons, of Leeds. 


EXPERIMENTAL. 


The rasped wood was extracted for six hours with ten times its 
weight of boiling water, and the decoction strained through calico, 
When cold, the orange-brown solution was saturated with salt, and 
the resulting somewhat viscous precipitate (C) collected, drained 
upon a porous tile, and allowed to dry. This product was ex- 
tracted with boiling alcohol for four hours, the extract evaporated 
to a small bulk, and poured into a large volume of ether, which caused 
the separation of a dark-coloured, tarry mass devoid of tinctorial 
property ; this was removed by decantation and the ethereal liquid 
repeatedly washed with water and evaporated to dryness. The viscous 
residue was dissolved in boiling alcohol, alcoholic lead acetate added, 
and the resulting orange-red precipitate repeatedly washed with boiling 
alcohol and finally with boiling water. It was now suspended in cold 
water, decomposed with a few drops of sulphuric acid, and the mixture 
of lead sulphate and colouring matter collected, washed, allowed to dry, 
and extracted with boiling alcohol. After evaporation to a small bulk, 
the solution was poured into ether, the mixture washed with water 
until a tarry impurity no longer separated, and after removal of the 
ether, the residue was dissolved in boiling absolute alcohol. On 
standing overnight, crystals of the colouring matter A, separated, 
which were collected and washed with alcohol. From the orange- 
brown, viscous filtrate, containing chiefly the resin A, on spontaneous 
evaporation and resolution in a little cold alcohol, a further quantity 
of the crystals was isolated. Different samples of the wood varied 
considerably, 8000 grams ofa good material yielding 3:15 grams 
of crude colouring matter, A, whereas others gave as little as 1 gram, 
or even less. “ 

The alcoholic filtrate from the lead precipitate was evaporated to a 
small bulk, poured into ether, and the mixture washed with water 
until tarry matter no longer separated. After removing most of the 
ether, chloroform was added, and the crystals of the colouring matter 
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B which separated were collected and washed with chloroform. The 
filtrate, on evaporation, yielded the resinous substance B. Eight 
thousand grams of the wood usually gave about 17 grams of this 
second colouring matter, but this again varied according to the 
material employed. From the aqueous filtrate from the precipitate 
C, by extraction with ether, approximately 0°3 gram could be isolated 
for each kilo. of the wood employed, but this was eventually run to 
waste on account of the costly nature of the operation. 

As the yield of these crystalline substances was so small, it was 
found more economical to collect a considerable quantity of the pre- 
cipitate C and work this up in one operation. 


The Colouring Matter B. 


The crude material was dissolved in boiling alcohol, the solution 
evaporated to half its bulk, and, while hot, treated with an equal 
volume of boiling chloroform. The crystals which separated were col- 
lected on the pump, washed two or three times witha little cold ether, 
and recrystallised in a similar manner : 


0°1178 gave 0°2714 CO, and 0:0532 H,O. C=62°83; H=5-01. 
1180 ,, 0:2720CO, ,, 00480 H,O. C=62°86; H=4°52. 
C,,H,,0, requires C= 62:90 ; H= 4°84 per cent. 


This substance, which it is proposed to name eacoecarin, crystallises 
in glistening, lemon-yellow needles, sparingly soluble in cold alcohol 
or ether, insoluble in benzene or chloroform; when heated, it be- 
comes orange-coloured at 210° and melts with effervescence at 
219—221°. It is soluble in aqueous and alcoholic alkaline solutions 
with a beautiful, violet-red coloration, which is bluer in the latter 
case, and in ammonia to form a red-brown liquid, and these solutions, 
on exposure to air, are rapidly oxidised and assume a rich brown 
tint. With alcoholic lead acetate, no precipitate is formed, and it 
yields neither acid compounds with mineral acids nor insoluble salts 
with alcoholic potassium or sodium acetates. Sulphuric acid dissolves 
it with a brown, and nitric acid with an orange-yellow, tint, but 
alcoholic ferric chloride gives no coloration. 

Although it does not dye calico with or without mordants, it has a 
weak, although decided, affinity for animal fibres, the best results 
being obtained by employing 10 per cent. of the colouring matter in 
conjunction with 5 per cent, of tartaric or oxalic acid. The shade 
produced is a pure pale yellow, but the bath is not exhausted, and the 
result, though scientifically interesting, is of no technical value. 

When examined by Zeisel’s method, it was found that excoecarin 
does not contain a methoxy-group. When digested with acetic an- 
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hydride and sodium acetate in the usual manner, a viscous, readily 
soluble product is obtained which could not be obtained in a crystal- 
line condition. 

The benzoyl compound was first prepared according to Baumann and 
Schotten’s method, but owing to the readiness with which the alkaline 
solution of the colouring matter is oxidised, the yield was poor. The 
substance was therefore heated at 175—185° with ten times its weight 
of benzoic anhydride for 5 hours and the mixture poured into alcohol. 
A colourless precipitate separated overnight, and this was collected, 
washed with alcohol, and purified by crystallisation, first from alcohol 
and finally from a mixture of alcohol and acetic acid : 


0°1110 gave 02963 CO, and 0°0439 H,O. C=72'79; H=4:39. 

01105 ,, 0°:2959CO, ,, 0°0445 H,O. C=73-:03; H=4-47. 

01112 ,, 0:2968 CO, ,, 0°0445 H,O. C=72°'79; H=4°44. 
C,,;H,O0,(C,H,O), requires C= 72°85 ; H=4:28 per cent. 


It consisted of colourless needles melting at 168—171°, sparingly 
soluble in boiling alcohol, more readily in boiling acetic acid, in- 
soluble in dilute alkalis. In one operation, this compound was 
contaminated with a trace of a more sparingly soluble product 
melting at 209—211°, probably a lower benzoyl derivative, for the 
compound melting at 168—171° was not altered by further treatment 
with benzoic anhydride. 

Fusion with Alkali.—Excoecarin was heated with twelve times its 
weight of caustic potash and a little water at 200—220° for half 
an hour. The rich brown fused mass was poured into water, neutral- 
ised with acid, extracted with ether, and the extract evaporated to 
dryness. The dark-coloured oil, which on standing became crystalline, 
was dissolved in water, excess of sodium bicarbonate added, and 
extracted with ether (A), and the aqueous residue neutralised with 
acid and extracted with ether (B). 

(A) yielded a crystalline residue, which was purified by crystal- 
lisation from benzene with the aid of animal charcoal : 


0°0779 gave 0°1928 CO, and 0:0438 H,O. C=67:49; H=6:24. 
C,H,O, requires C= 67°74 ; H=6°45 per cent. 


It formed colourless leaflets melting at 121—123°, readily soluble 
in water. The alkaline solution becomes brown on standing in air. 
Suspecting this to be a hydroquinone derivative, its aqueous solu- 
tion was treated with ferric chloride and digested at the boiling 
temperature for a short time. The solution was extracted with 
ether, the extract evaporated, and the residue sublimed between 
watch glasses. The product formed golden-yellow leaflets melting 
at 68° and having the reactions of toluguinone [CH,:0:0=1:2:5] 
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(Nietzki, Ber., 1877, 10, 833). Substance A was therefore the 
corresponding hydrotoluquinone, for which Nietzki gives the melting 
point 124°. B gave a dark-coloured, syrupy residue from which 
crystals separated on long standing. This was dissolved in water, 
the solution saturated with salt, filtered from the black, tarry pre- 
cipitate, the filtrate extracted with ether, and the extract evaporated. 
The residue, on crystallisation from benzene, yielded colourless needles 
melting at 199—200°, which, with aqueous ferric chloride, gave a 
deep blue coloration. When distilled, a purple vapour was evolved 
and a crystalline product condensed which melted at 150—155°; this 
was dissolved in water, the solution treated with sodium bicarbonate, 
extracted with ether, and the purified substance crystallised from 
benzene with the aid of animal charcoal. It gave no coloration with 
aqueous ferric chloride, melted at 166—168°, and was evidently hydro- 
quinone. Substance B was consequently hydroquinonecarboxylic 
(hydroxysalicylic) acid 
[CO,H :OH :OH=1: 2:5]. 

It seemed probable that this acid was derived from the action 
of the alkali upon the hydrotoluquinone first produced, and to de- 
termine this, some quantity of the phenol prepared from o-toluidine 
was heated with caustic potash under conditions similar to those 
previously employed. Although a considerable proportion of the 
substance remained unattacked, some hydroquinonecarboxylic acid 
was produced, and its presence above, at least in part, must have 
originated from the hydrotoluquinone. 

Action of Bromine.—Attempts to prepare a bromine derivative of 
excoecarin were unsuccessful, as decomposition so readily ensued, but 
experiments in the following manner lead to the isolation of a new 
product. 

Two grams of the substance, dissolved in 25 c.c. of a half-saturated solu- 
tion of potassium acetate in absolute alcohol, were cooled in a freezing 
mixture and bromine added drop by drop until the mixture, at first 
green, developed an orange-red coloration. The resulting semisolid, 
erystalline mass was collected on the pump, washed with a little 
absolute alcohol, then with water, and finally with alcohol. This sub- 
stance on standing over sulphuric acid gradually darkened, and on 
drying at 100° became olive-green, but it was ascertained that this 
colour change was not a decomposition. The yield was 1°65 grams. It 
was finally purified by crystallisation from nitrobenzene : 


0°1127 gave 0°2608 CO, and 0°0435 H,O. C=63:10; H=4:28. 
01081 ,, 0:2506CO, ,, 0°0400 H,O. C=63:22; H=4:10. 
C,,H,,0, requires C= 63°41; H=4-06 per cent. 


Thus obtained, it formed fiat, copper-coloured needles or leaflets 
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sparingly soluble in alcohol and melting with decomposition at about 
250°. Caustic alkalis dissolve it with a brown tint which, on stand- 
ing in air, becomes first olive-green, and finally brownish-black. This 
substance, which it is proposed to name excoecarone, has the composition 
of excoecarin less 2H, and as the latter has been shown to contain a 
hydroquinone group, the above reaction most probably consists in the 
oxidation of this to a quinone nucleus. The following experiment 
supports this view. 

Reduction of Eucoecarone.—A boiling aqueous solution of the sub- 
stance was treated with sodium bisulphite, and the digestion continued 
until a sample of the liquid, on addition of alkali, gave a violet-red 
coloration. It was then acidified, extracted with ether, the extract well 
washed with water, and evaporated to a small bulk. On addition of 
chloroform, yellow crystals separated, which, after purification, melted 
at 219—221°, and had all the properties of excoecarin. 

Action of Quinone.—Addition of excess of quinone to a boiling 
alcoholic solution of excoecarin caused the formation of a deep brown - 
liquid, which after a few minutes’ digestion was allowed to cool. 
Crystals of a deep green colour gradually separated, and these were 
collected, washed with alcohol, and crystallised from the same solvent : 


0°1125 gave 0:2609 CO, and 0°0420 H,O. C=63-:24; H=4:14. 
C,H,0,°C,,H,,0, requires C= 64°04; H=4°49 per cent. 


Thus obtained, the product formed minute, green-coloured leaflets melt- 
ing at 190° with decomposition. Its alcoholic solution is deep brown, 
and alkalis dissolve it with a coloration similar to that of excoecarone. 
When digested with boiling sodium bisulphite solution, it yields excoe- 
carin melting at 219—221°. Although complete proof is wanting and 
could not be obtained owing to lack of raw material, it is considered 
probable that this substance is of the nature of quinhydrone, the hydro- 
quinone nucleus of the excoecarin reacting with the quinone. Its simi- 
larity in certain points to excoecarone, on the other hand, made it possible 
that it consisted of this substance contaminated with a trace of some 
impurity not readily removed by the methods employed. 

Methylation of Excoecarin.—Five grams of the substance were dis- 
solved in 100 c.c. of methyl alcohol and treated with 20 c.c. of methyl 
iodide. To the boiling liquid, a solution of 4°5 grams of caustic potash 
in methyl alcohol was added, drop by drop, at intervals extending over 
three days, this procedure having for its object to prevent as far as 
possible the oxidation of the alkaline solution of the colouring matter. 
The product was evaporated to a small bulk, poured into ether, and 
the solution washed with dilute alkali. The pale yellow, ethereal 
liquid, which had a strong green fluorescence, was evaporated, and the 
viscous residue dissolved in carbon disulphide and left overnight. 
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Crystals gradually separated which were collected and recrystallised 
two or three times with a mixture of benzene and carbon disulphide. 
The mother liquor contained some quantity of an uncrystallisable 
resin : 


0°1126 gave 0:2694 CO, and 0:0600 H,O. C=65:25; H=5-92. 

01037 ,, 0°1830 Agl. CH,=11°26. 

01077 ,, 01890 AgI. CH,=11:-20. 

0°1222 ,, 02115 AgIl. CH,=11°04. 

C,3H,,0;(CH;), requires C= 65:21 ; H=5:'80; CH, =10°87 per cent. 

This compound was very troublesome to prepare, at first nothing 
but the resin being obtained, due evidently to the too rapid addition 
of the alkali, but subsequently yields varying from 0-8 to 1:1 grams of 
the crystalline ether were obtained. 

It formed glistening, yellow needles melting at 117—119°,very readily 
soluble in alcohol, sparingly in hot carbon disulphide, and is character- 
ised by the deep green fluorescence of its solutions. Alkaline solutions 
do not dissolve it, and alcoholic ferric chloride gives no coloration. 
With sulphuric acid, it gives a deep reddish-brown liquid, which on 
addition of a drop of nitric acid becomes blue-violet, and finally orange 
coloured. When dissolved in nitric acid of sp. gr. 1°54 and the solution 
evaporated to a small bulk, a crystalline product separates on cooling, 
consisting of oxalic acid and a compound readily soluble in benzene. 
The latter crystallises in needles, and is apparently a nitro-compound, 
but the yield was too small to permit of its investigation. As excoe- 
carin contains three hydroxyl groups but yields only a dimethyl] ether, 
it would appear to contain one hydroxyl in the ortho-position to a 
carbonyl group. Attempts to prepare an acetyl compound in a crystal- 
line condition were unsuccessful, the product consisting of an orange- 
yellow resin ; a similar result was obtained in an attempt to prepare a 
benzoyl! derivative. 

Experiments carried out on the ethylation of excoecarin gave a 
viscous substance, from which, after standing some weeks, a small 
amount of crystalline matter separated; owing, however, to its 
soluble nature, the yield of substance was too small to admit of 
examination. 

Molecular Weight of Excoecarin.—For this purpose, the dimethyl 
ether was employed with the following result: 

0°4146 dissolved in 14468 acetic acid depressed the freezing point 
0°385°. Found, 287. 

04090 dissolved in 13°380 acetic acid depressed the freezing point 
0°420° Found, 283. 

This corresponds with the formula C,,H,,0,(CHsg), = 276, and excoe- 
carin itself has thus the formula C,,H,,0,. 
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Summary.—The investigation of excoecarin shows that this colouring 
matter contains three hydroxyl groups, one of which is not methylated, 
and that by means of fused alkali it gives hydrotoluquinone and 
hydroquinonecarboxylic acid, the latter being derived in part, if not 
entirely, from the former. Oxidation with bromine gives excoecarone, 
C,;H,,0;, which, by reduction, is reconverted into excoecarin, and 
treatment with quinone yields a compound which is probably a quin- 
hydrone compound of the formula C,,H,,O,. The latter results 
indicate the presence in the colouring matter of free hydroquinone 
hydroxyls. Any further clue to its constitution has not yet been 
obtained, though this is probably of a nature not previously met with 
among the natural colouring matters. Interesting results would, no 
doubt, ensue by a study of the oxidation products of the dimethyl 
ether, but the laborious operations involved in the preparation of any 
quantity of this substance will render the work extremely slow and 
difficult. 


The Colowring Matter A (p. 211). 


The crude product was purified by two or three crystallisations 
from alcohol with the aid of animal charcoal. 


0°1099 gave 0°2600 CO, and 0:0465 H,O. C=6451; H=4-70. 
C,,H,,0, requires C= 64°61 ; H=4°61 per cent. 


This colouring matter, which it is proposed to name jacarandin, 
crystallises in glistening, yellow plates or leaflets which commence to 
darken at 220° and melt with evolution of gas at 243—245°. It is 
sparingly soluble in alcoho] and the usual solvents to form pale yellow 
liquids having a green fluorescence, and soluble in sulphuric acid with 
a deep orange coloration having a strong green fluorescence. With 
caustic alkali solutions, it gives orange-red liquids; with alcoholic 
lead acetate, a bright orange-coloured precipitate ; and with alcoholic 
ferric chloride, a dark greenish-black solution. When examined by 
Zeisel’s method, it was found not to contain a methoxy-group. 

It dyes mordanted fabrics good full shades, the following being 
obtained with mordanted wool : 


Chromium. Aluminium. Tin. Iron. 
Dull yellow-brown. Orange-brown. Bright golden-yellow. Deep olive. 


These somewhat resemble those given by luteolin, but are rather 
more orange. It has a slight affinity for animal fibres, pale yellow 
shades being obtained, which are, however, feebler than those given 
by excoecarin. 

When treated with mineral acids in the presence of acetic acid, no 
crystalline compounds separate, but with alcoholic potassium acetate 
* potassium salt is formed. Analysis of this compound did not give 


218 PERKIN AND BRIGGS: 


concordant results, owing to the sparingly soluble nature of the 
colouring matter, the small portion unattacked separating together 
with the salt on cooling the mixture. 

Acetyl compound.—This substance was digested with six parts of 
acetic anhydride and one of anhydrous sodium acetate at the boiling 
point for one hour. On pouring into water, a pale yellow, crystalline 
precipitate separated which was purified by recrystallisation from alcohol. 


0°1166 gave 0:2667 CO, and 0:0489 H,O. C=62:37; H=4-65. 
01211 ,, 02775 CO, ,, 00535 H,O. C=62-49; H=4:86. 
C,,H,0,(C,H,0), requires C= 62°79 ; H=4-65 per cent. 


It formed pale yellow needles sparingly soluble in alcohol and melt- 
ing at 192—194°. An attempt to determine the acetyl groups in the 
usual way, by decomposing the acetyl derivative with sulphuric acid, 
gave 72°23 per cent. of regenerated colouring matter, but a slight de- 
composition of the latter had ensued, as a resinous substance was also 
present. It has been found by one of us that some acetyl derivatives 
are decomposed by digestion with a boiling alcoholic solution of potass- 
ium acetate, and quantitative experiments are now being carried 
out to determine if this method is of general application, not only 
with acetyl, but also with benzoyl, compounds. Such a process would 
be valuable with colouring matters which cannot withstand the action 
of strong acids. As colouring matters of the nature of quercetin yield 
in this manner the mono-potassium salt, this reaction was applied to 
acetyljacarandin, not only to determine the acetyl groups, but with 
the hope of producing a potassium salt which would give some clue to 
its molecular weight. A weighed quantity of the acetyl compound 
was therefore dissolved in boiling absolute alcohol, treated with excess 
of alcoholic potassium acetate, and the solution slowly evaporated. As 
soor as crystals commenced to separate, the mixture was left for a 
few minutes, the potassium salt collected, washed with methyl 
alcohol, dried- at 160°, weighed, and analysed. The filtrate and 
washings were again evaporated, cautiously diluted with boiling 
water containing a few drops of hydrochloric acid, and the crystals of 
the colouring matter which separated collected when the mixture was 
cold, and weighed. Three distinct preparations of the salt were made, 
and two acetyl determinations carried out: 


0:3857 gave 00607 K,SO,, K=7°05. 

04295 ,, 00665 K,SO, K=6'94. 

07495 ,, 0°1180-K,SO, K=7:05. 
C,,H.,0,)K requires K = 6°99. 


It formed glistening, yellow needles, insoluble in cold water, some- 
what soluble in alcohol. 
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Acetyl Determinations. 


1:4140 gave 1:0682 colouring matter. Found 75°54. 
18907 ,, 1°4141 - " » 74°82. 
O,,H,,0,;(C,H,0), requires C,,H,,0;= 75°58 per cent. 

These results indicate that the molecular weight of jacarandin is 
probably represented by the formula C,,H,,0,, and that it gives a diacetyl 
compound, C,,H,,0,(C,H,O),.. Its potassium salt, prepared in the 
manner already described, and formed by the replacement of one 
hydrogen in a double molecule of the colouring matter, will thus be 
analogous to those of rhamnetin and rhamnazin (Trans., 1899, 75, 433). 

The benzoyl derivative was prepared by heating the colouring matter 
to 180° for 4 hours with ten times its weight of benzoic anhydride 
and pouring the product into alcohol. Yellow, prismatic needles 
slowly separated, and, after being left overnight, were collected and 
purified by crystallisation from a mixture of alcohol and acetic acid. 
It melted at 167—169° : 


0°1121 gave 0°2952 CO, and 0:0428 H,O. C=71'82; H=4°24, 
C,,H,,0;(C;H,0), requires C=71°79 ; H = 4:27 per cent. 


Experiments on the methylation of jacarandin gave a large 
amount of resinous matter and also a trace of a crystalline ether 
too small in quantity for analysis. The latter forms bright yellow 
needles, readily soluble in boiling alcohol, soluble in sulphuric acid, 
forming an orange liquid which has a deep green-coloured fluorescence. 
It melts at 154—155°. The paucity of raw material did not permit 
of further work in this direction, but it is possible that under altered 
conditions a larger yield of the ether could be obtained. 

Fusion of a trace with alkali at 200—220° yielded a very soluble 
acid, which gave a green coloration with ferric chloride, but was not 
identical with protocatechuic acid. The presence of a fatty acid, 
possibly acetic acid, was also detected. 

Unless a more plentiful source of this colouring matter be dis- 
covered, but little insight can be obtained into its constitution. Of 
the known natural colouring matters, it approaches in general 
Properties most closely to curcumin, but its molecular weight 
~onagatiog Cnt 0y Ciamician and Silber, Ber., 1897, 30, 192) 

with this supposition. Possibly, therefore, it is a 

member of some group hitherto unknown. 
come salah - “ was ee as an orange-brown, transparent, 
pence hfe ae jacarandin in many of its properties. It 
aon q ity of this colouring matter, and as no method 
een at present devised by which this can be entirely removed, it 
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has not been closely examined. It dyes mordanted calico similarly, 
but not so strongly as jacarandin, but there can be no doubt that 
to this substance the tinctorial properties of green ebony are mainly 
due. The yield was approximately 0:1 per cent. 

The resin B (p. 212) in appearance resembles the resin A, but it 
does not dye mordanted calico. Its reactions coincided with those of 
excorearin, with which no doubt it was to some extent contaminated. 
It is the main constituent of green ebony, and was present in one 
sample to the extent of 0°4 per cent. 


Dyeing Properties of Green Ebony. 


These experiments corroborated those of Bancroft (loc. cit.) in that 
the shades given by green ebony are of a similar character to those 
obtained with old fustic. The colours, however, from the former with 
aluminium, tin, and copper mordants are browner, and with iron 
greener and paler, than those yielded by old fustic. Employing 
mordanted woollen cloth, the following shades were produced : 


Chromium. Aluminium. Tin. Copper. Iron. 
Dull yellow-brown. Dull brown-yellow. Golden-yellow. Pale brown. Olive-green. 


With 40 per cent. of the dyewood, the iron mordant gives greener 
and brighter tints than with larger amounts, in which case a browner 
colour is produced. Possibly from this green shade and the extremely 
hard and compact nature of the wood, the name “ green ebony’’ has 
originated. The sample of wood here employed possessed half the 
colouring power of an average sample of old fustic. 


In the earlier stages of this work, which has been in progress 
for more than two years, considerable assistance was given by Mr. 
R. Gloag Thomson, of Perth, to whom we are much indebted. The 
authors also express their thanks to the Research Fund Committee 
of the Chemical Society for a grant which has been in part employed to 
cover the expenses of the research. 
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XXIIL.—On Brazilic Acid and the Constitution of 
Brazilin. 
By W. H. Perkin, jun. 
In Part I. of this research (A. W. Gilbody, W. H. Perkin, jun., and 
J. Yates, Trans., 1901, '79, 1401), it was argued that since trimethyl- 
brazilin, on oxidation with permanganate, yields 2-carbowy-5-methoxy- 


phenoxyacetic acid and metahemipinic acid, the constitution of brazilin 
must be represented by one of the following formule: 


, 0 , O 
oH’ \% ‘ow / oH oH/ NY \ou/ CH Now 
A nena. 
es oH og A/F \/ANOHY CH \/ 
OH ‘ OH 
1. II. 


These two formule are so similar that for a long time it was found 
impossible to obtain evidence sufficient to afford even a clue as to which 
was the correct one, but ultimately the detailed examination of braztlic 
acid (loc. cit., p. 1410) led to results which show clearly that formula I 
is to be accepted as representing the constitution of brazilin. 

Brazilie acid, C,,H,,0,, which is produced in a yield of only 0:7 per 
cent. by the oxidation of trimethylbrazilin with permanganate, crystal- 
lises from water in colourless needles and melts at 129°; it is a mono- 
basic acid, since its silver salt has the formula ©,,H,,AgO,, and its 
sodium salt the formula C,,H,,NaO,; when, however, its solution in 
water is boiled with baryta, it yields a barium salt of the formula 
C,,H,,BaO,, and therefore, under these circumstances, it behaves like a 
dibasic acid, a point which will be referred to later. 

Brazilic acid contains 1 methoxy-group, as shown by Zeisel’s method, 
and when fused with potash, it is decomposed with formation of a readily 
soluble acid which in aqueous solution gives an intense violet coloration 
with ferric chloride ; it is therefore derived from the resorcyl nucleus 
in brazilin. 

On treatment with hydroxylamine, brazilic acid yields an oxime, and 
with semicarbazide, a semicarbazone ; it therefore contains a carbonyl 
group, and this group is evidently situated in the y-position to the 
carboxyl group, because, when reduced with sodium amalgam, brazilic 
acid yields dihydrobrazilic acid, C,,H,,Og, and this, when liberated from 
its sodium salt, Spontaneously loses water with formation of the lactone 
©1225. 

These facts, although they throw much light on the constitution of 


brazilic acid, are not sufficient to establish its formula, but the neces- 
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sary further information was ultimately obtained by the examination 
of the behaviour of the acid with dehydrating agents, especially sul- 
phuric acid. When brazilic acid is warmed with concentrated sulphuric 
acid, it loses 1 molecule of water and is converted into anhydrobrazilic 
acid, a crystalline substance which melts at 197°, and differs sharply 
from brazilic acid in being very sparingly soluble even in boiling water. 
This new acid is monobasic and still contains a carbonyl group, since 
with hydroxylamine it yields a crystalline oxime, C,,H,,0,N ; further- 
more, a determination by Zeisel’s method showed that it still contained 
the methoxy-group which was present in the brazilic acid. It is also 
an unsaturated acid, because its solution in sodium carbonate at once 
decolorises permanganate, and on investigating this oxidation it was 
found that an almost quantitative yield of p-methoxysalicylic acid, 


OMe/ ou 

| ? 

es /C0,H 
is formed if the oxidation is carried on at a sufficiently low temperature, 
a fact which affords a valuable clue as to the constitution of the acid. 

A further clue was obtained by the discovery that, when boiled with 

baryta water, anhydrobrazilic acid is readily decomposed into formic 
acid and a new acid, C,,H,,0,, thus: 


C,,.H,,0,; + 2H,O = ©,,H,,0, + H-CO,H. 


This new acid crystallises from water in colourless needles and melts 
at 155°; it is a monobasic, ketonic acid and its aqueous solution gives, 
with ferric chloride, an inteuse violet coloration. Since anhydrobrazilic 
acid gives no coloration with ferric chloride, it was probable that the 
elimination of formic acid had been accompanied by the formation of 
a free hydroxyl group in the benzene ring. That this is the case was 
proved by the fact that the methyl ester of the acid C,,H,,0,;, when 
heated with sodium methoxide and methyl iodide, is converted into the 
methyl ester of an acid, C,,H,,0,, which gives no coloration with ferric 
chloride ; the hydroxy-group of the former acid had therefore been 
converted into a methoxy-group in the latter. The further considera- 
tion of the properties of the acid C,,H,,0,, taken in conjunction with 
the fact that anhydrobrazilic acid on oxidation yields p-methoxysalicylic 
acid, seemed to indicate that the acid C,,H,,0, is 6-hydroxy-4-methoxy- 
benzoylpropionic acid (1), and that its methyl derivative, C,,H,,0,, is 
therefore dimethoxybenzoylpropionic acid (II), 


OMe SoH OMe Meo 
| }co-oH,-CH,*00,H ha )00-CH,CH,'C0, ° 


I, Il. 
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In order to prove this point, it was decided to attempt the synthesis 
of the dimethoxy-acid, and after a number of failures this was ulti- 
mately accomplished (in conjunction with Mr. E. Ormerod) by treating 
a mixture of dimethylresorcinol and the ester of the half-chloride of 
succinic acid with aluminium chloride, thus : 


/\No) 
OMer OMe . CICO-CH,-CH,*C0,Et = 
WF 


OMe NOMe a 
\_ J00-CH,CH,'CO,Bt 


The product of this reaction yielded, on hydrolysis, an acid melting at 
147°, which was identical with the dimethoxy-acid, C,,.H,,0,, obtained 
from brazilin, and the constitutions of this acid and of the hydroxy- 
methoxy-acid, C,,H,,0,, from which it was obtained are consequently 
proved to be represented by the formule II and I given above. 
Referring again tothe conversion of anhydrobrazilic acid by hydrolysis 
with baryta into hydroxymethoxybenzoylpropionic acid and formic acid, 


C,9H\,0, + 2H,O = OMe-C,H,(OH)-CO*CH,-CH,-CO,H + H-CO,H, 
we see that we have here a case of a decomposition which has repeatedly 
been observed in the pheno-y-pyrone series. 

Thus fisetin, which is somewhat similarly constituted to brazilin, 
when digested with alcoholic potash is decomposed into fisetol and 
protocatechuic acid, 


+ 2H,O = 
os acai anaes ‘ 
OH 
oH’ ae: , 00,8 oH 
OH’ 
/\oO-CH,"0H \4 


and many other similar examples might be given. 

Arguing, then, from analogy, it is evident that the formula of 
anhydrobrazilic acid and its decomposition into methoxyhydroxybenzoy]- 
Propionic acid must be represented thus : 


O 
OMe/” > i \ou 
r 
\/1\co/©:CH,'C0,H 
Anhydrobrazilic acid. 
A 
OMe, OH + H-CO,H ’ 
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and this formula is in accordance with all the properties of the 
acid, 

Since, then, anhydrobrazilic acid is produced from brazilic acid by the 
elimination of 1 molecule of water and consequent formation of a 
double-linking, it follows that there are only two formule which can 
represent brazilic acid, namely, 


OMe’ \“ one: q OMe Nee -OH 


So M(OH)-CH,-C0,H § go SH: CH, 00, H 


I, II. 


In formula II, the hydroxyl group is in the y-position in relation to 
the carboxy! group, and an acid of this constitution should therefore 
readily yield a lactone, whereas an acid, represented by formula I, 
being a f-hydroxy-acid, would not show any tendency to lactone 
formation. 

Since brazilic acid is not only stable at 100°, but even when boiled 
with hydrochloric acid’ shows no tendency to pass into a lactone, its 
constitution must obviously be represented by formula I. 

It has been shown by the preparation and analysis of its sodium, 
silver, and barium salts that brazilic acid is a well-characterised, mono- 
basic acid, but it is also pointed out (p. 228) that when boiled with 
baryta water it yields a very sparingly soluble barium salt of the 
formula C,,H,,0O,Ba, which is quite different from the normal salt, 
(C,,H,,0,).Ba, obtained by precipitating the solution of the sodium salt 
with barium chloride. The formation of the salt C,,H,)BaO, is evi- 
dently due to the hydrogen of the hydroxyl group, as well as that of 
the carboxyl group, being replaceable by barium, that is to say, the salt 
has the constitution : 


O 
OMe/ ba Nou, 
A006 CH os 


That the hydrogen of this hydroxyl group should be replaceable by 
treatment with caustic alkalis is not surprising in view of its 
proximity to the CO group of the dihydropyrone ring. 

When brazilic acid is reduced by sodium amalgam, it is converted 
into the lactone of dihydrobrazilic acid, and the constitution of this 
substance must therefore be represented thus: 
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If, now, the two formule for brazilin given at the beginning of this 
paper be examined, it will be seen that only formula I can yield brazilic 
acid in a simple manner, and there seems, therefore, to be no reason to 
doubt that the constitution of brazilin is: 


oH/ \“ \oH ‘a Now 


\A \QH/ CH\ oy A 
OH 


This formula accounts for all the known properties of brazilin in a 
satisfactory manner, and of the four hydroxyl groups three are repre- 
sented as phenolic and the other one as alcoholic ; it is thus obvious 
that three only should be converted into methoxy-groups on treating 
brazilin with sodium methoxide and methyl iodide, and this is actually 
the case. The trimethylbrazilin so produced, which has been so largely 
employed in this investigation, will have the constitution : 


O 
OMe’ \” \ou——/( ‘ome 
JOMe- 
Aon CH /\/ 
OH 


In the previous paper (Joc. cit., p. 1403), it was suggested that the 
constitution of the dye-stuff, brazilein, C,,H,,0;—which contains two 
atoms of hydrogen less than brazilin and is produced from it by oxida- 
tion—may probably be : 


0" \ow 


YY No/ CH. ‘CH, MW/ 
OH 


the two atoms of hydrogen being removed, one from the CH(OH) group 
and one from the OH group of the resorcyl nucleus, It must, how- 
ever, be pointed out that it is quite possible that the two atoms of 
hydrogen may be derived from the CH, group and the parahydroxy- 
group of the catechol nucleus, and the formula of brazilein would 
then be: 


(on 
OH’ 


a ®\ca—/ 0 


OH . 
\/A NOH OB gy/ OW, 
OH 


Since, however, brazilein yields such complicated, salt-like compounds 
with sulphuric acid (A. G. Perkin and Hummel, Ber., 1882, 15, 2343), it 
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is not improbable that it may be derived from several molecules of 
brazilin, and therefore have a constitution much more complex than 
represented by the formule given above. This view receives some 
support from the fact that it has so far not been found possible to 
reconvert brazilein into brazilin by reduction, 


Brazilie Acid, C,,H,,.0,. 


This acid was mentioned in the previous paper (Trans., 1901, 79, 
1411), and the method employed in isolating it from the products of the 
oxidation of trimethylbrazilin with potassium permanganate was briefly 
described, Two analyses were also given, the mean of which (C =57'1 ; 
H=5:0) agrees with the numbers required by the formula C,,H,,0, 
(C=57'2; H=4°8). The molecular weight of the acid has since been 
determined by the cryoscopic method, when two experiments gave 265 
and 276, whereas the molecular weight of C,,H,,0, is 254. 

Brazilic acid melts at 129—130° and is only sparingly soluble in 
cold water ; it dissolves readily in hot water and separates, on slowly 
cooling, in long, colourless needles. It dissolves readily in alcohol, 
ether, or acetic acid, but less readily in chloroform, and is almost 
insoluble in cold light petroleum ; in hot benzene, it is readily soluble, 
and separates, on cooling, in long needles. That brazilic acid isa 
saturated substance is shown by the fact that its solution in cold 
sodium carbonate does not decolorise permanganate, oxidation taking 
place, indeed, only very slowly on warming. Bromine dissolved in 
chloroform is also without action on the acid in thecold. An aqueous 
solution of brazilic acid gives no coloration with ferric chloride, but 
when fused with potash the acid is readily decomposed, and, on acidi- 
fying and extracting with ether, a syrupy substance is obtained 
which is very soluble in water and gives, with ferric chloride, an in- 
tense violet coloration. 

When boiled with acetic anhydride, brazilic acid dissolves, forming 
a yellow solution, but this rapidly becomes brown and then quite 
black, decomposition evidently taking place. If a small quantity of 
the dry acid is heated in a test-tube, it chars and gives an oily distil- 
late which has a strong odour of coumarin. 

Brazilic acid contains one methoxy-group, as is shown by the follow- 
ing determinations made by Zeisel’s method : 


0°1429 gave 0°1370 AgI. OCH,=12°6. 
01892 ,, 01795 AgIl. OCH,=12°5. 
C,,H,,0,, containing one OCH,, requires OCH; = 12:3 per cent. 


The residues from these methoxy-determinations were decolorised 
by sulphurous acid and extracted with ether, when a substance was 
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obtained which crystallised from water in pale yellow crystals and 
melted at about 178°; it was not further examined. 

Salts of Brazilic Acid.—That this acid is monobasic was first proved 
by titration with decinormal sodium hydroxide, using phenolphthalein 
as the indicator. 

0:21 gram, dissolved in warm water, required for neutralisation 
8:1 c.c. of sodium hydroxide solution =0-0324 gram, whereas this 
amount of an acid, C,,H,,0,, if monobasic, would neutralise 0°033 gram 
NaOH. 

The solution was then mixed with a further quantity of 11-9 c.c. of 
the sodium hydroxide (making 20 c.c. in all) and boiled for 5 minutes, 
when, on titrating back, it was found that the amount neutralised 
was practically the same as before, namely, 0:034 gram. 

The sodium salt, C,,H,,0O,Na, separates in glistening plates when a 
hot solution of the acid is neutralised with sodium carbonate and then 
allowed to cool. The salt was recrystallised from water, dried at 
100°, and analysed : 


01602 gave 0:0405 Na,SO,. Na=8:2. 
C,,H,,0,Na requires Na= 8-4. 


This salt, which does not appear to contain water of crystallisation, 
is comparatively sparingly soluble in cold water, although it dissolves 
readily on warming. On account of the facility with which it crys- 
tallises even when impure, it proved to be very valuable as a 
means of isolating brazilic acid from mixtures with other acids and 
resinous products. The corresponding potassium salt appears to be 
readily soluble in water. 

The silver salt, C,,.H,,O,Ag, is obtained, on adding silver nitrate to 
a neutral solution of the ammonium salt, as a white precipitate which 
is very sparingly soluble in water. On analysis 


0:1613 gave 02352 CO,, 0°0496 H,O, and 00484 Ag. C=39°8; 
H=3°4; Ag=30'l. 
0:201 gave 0°2932 CO,, 0:0608 H,O, and 0:0605 Ag. C=398; 
H=3°3; Ag=30'l. 
C,,H,,0,Ag requires C=40:1; H=3:1; Ag=30°1 per cent. 


The barium salt, (C,,H,,0,).Ba,2H,0.—When a neutral solution of 
the ammonium salt of brazilic acid is mixed with barium chloride, an 
amorphous, almost gelatinous, precipitate is at first produced, but this 
rapidly becomes crystalline. This salt is readily soluble in hot water, 
and separates, on cooling, in slender needles ; after draining on porous 
porcelain and exposing to the air for 3 days, it appears to contain 
2 molecules of water of crystallisation : 
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02228 air-dried salt lost, at 100°, 0°0118 =5°3. 
(C,,H,,0,),Ba,2H,O requires 5:3 per cent. of water. 
0211, dried at 100°, gave 00773 BaSO,. Ba=21°6. 
(C,,H,,0,).Ba requires Ba = 21-7 per cent. 


A neutral solution of the ammonium salt of brazilic acid gives no 
precipitate with calcium chloride, a pale blue precipitate with copper 
sulphate, and a white, amorphous, very insoluble precipitate with lead 
acetate. 

The barium salt, C,,.H,)0;Ba, the constitution of which is discussed 
in the introduction to this paper, was prepared as follows. 

A hot solution of brazilic acid was rapidly mixed with a large excess 
of hot baryta water, when a white, granular precipitate rapidly 
separated and increased, apparently, on boiling. After boiling for a 
few minutes out of contact with air, the salt was rapidly collected on 
the pump, washed repeatedly with boiling water, dried at 100°, and 
analysed : 


04653 gave 0'2689 BaSO,. Ba=34°0. 
01449 ,, 0°0824 BaSO,. Ba=33°5. 
C,.H,,0,Ba requires Ba = 35°5. 
C,,H,,0,Ba,H,O requires Ba = 33:9 per cent. 


These results, which agree better with the latter formula, clearly 
show that brazilic acid, when boiled with baryta, yields a dibasic 
barium salt. In order to be certain that no change in constitution 
had taken place during this treatment, the barium salt was ground in 
a mortar with a little dilute hydrochloric acid, and the crystalline 
precipitate collected on the pump, washed with water, and dried at 
100°. It then melted at 129° and consisted of pure brazilic acid. 

Oxime of Brazilic Acid, C,,H,,O,N.—In preparing this oxime, the 
pure acid (0°5 gram) was dissolved in dilute caustic potash (containing 
2 grams KOH), a solution of 2 grams of hydroxylamine hydrochloride 
was then added, and the whole allowed to stand for 24 hours. On 
acidifying, a flocculent precipitate separated ; this was extracted with 
ether, the ethereal solution dried over calcium chloride and evaporated, 
and the syrupy residue left over sulphuric acid in a vacuum desiccator 
for several days, when it gradually solidified. As all attempts to re- 
erystallise the substance were unsuccessful, it was analysed in its 
crude form : 


02376 gave 12:1 c.c. nitrogen at 22° and 756 mm. N=5°7. 
C,.H,,0,N requires N = 5:3 per cent. 
This oxime dissolves readily in hot water and, on cooling, separates 


as an oil. 
Semicarbazone of Brazilic Acid, C,,H,,O,N,.—Brazilic acid appar- 
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ently combines with semicarbazide only with difficulty, as the follow- 
ing experiment shows. About 1 gram of the acid was dissolved in 
hot water and mixed with 1°5 grams of semicarbazide hydrochloride 
and 15 grams of sodium acetate and allowed to stand. After a few 
days, a thick oil had separated, which, on vigorous stirring, soon 
solidified toa mass of minute crystals; these appeared to consist of 
the semicarbazone mixed with small quantities of unchanged brazilic 
acid, since the substance contained only 11 per cent. of nitrogen, in- 
stead of 13°6 per cent. required by the formula C,,H,,0,N,. The fil- 
trate from the crystals deposited, in the course of a few days, a hard, 
compact crust of crystals, which were collected, washed well, and dried 
at 100°. On analysis : 


0165 gave 18-4 c.c, nitrogen at 17° and 747 mm. N=12°7. 
C,,H,,N,0, requires N =13°6 per cent. 


The substance began to decompose at 125—126°, then at about 
150—160° it became quite solid, and a few degrees higher it again 
decomposed and was converted into a black mass. That this sub- 
stance, although not quite pure, is the semicarbazone of brazilic acid 
was proved by dissolving it in hot hydrochloric acid, when, on cooling, 
the solution became filled with needle-shaped crystals of pure brazilic 
acid, 5 

Lactone of Dihydrobrazilic Acid. 

Brazilic acid is readily reduced by sodium amalgam with formation 
of the sodium salt of dihydrobrazilic acid, and on acidifying this the 
y-hydroxy-acid at once loses water with formation of its lactone. 

The pure sodium salt of brazilic acid (0°5 gram) was dissolved in 
water, the solution placed in a flat, porcelain dish cooled by running 
water, and treated with 3 per cent. sodium amalgam (100 grams) in 
small quantities at a time. On acidifying the product, an oily sub- 
stance separated which was at first partly soluble in sodium carbonate 
and therefore probably contained some hydroxy-acid. In order to 
convert the whole into the lactone, the strongly acid liquid was 
warmed for a few minutes on the water-bath. 

After repeatedly extracting with pure ether, the solution was dried 
over calcium chloride and evaporated to a small bulk, when, on stand- 
ing, small, colourless, glistening crystals separated: these were col- 
lected, washed with ether, and analysed. 


0°1753 gave 0°3949 CO, and 0:°0831 H,O. C=614; H=5°3. 
01052 ,, 0°2354C0, ,, 00498 H,O. C=610; H=5-2. 
C,,H,,0, requires C= 61:0; H=5:1 per cent. 
The lactone of dihydrobrazilic acid melts at 142—144° and is 
sparingly soluble in dry ether ; it dissolves readily in warm water and 
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separates on cooling as an oil which, however, soon crystallises ; it jg 
readily soluble in alcohol, moderately so in chloroform and benzene, 
and sparingly soluble in light petroleum. When heated in small 
quantities in a test-tube, it decomposes to a large extent and gives an 
oily distillate smelling of coumarin ; this solidifies on rubbing, and on 
erystallising from water some of the lactone is recovered, showing that 
it distils to some extent without decomposition. 

The lactone dissolves in baryta water, yielding a readily soluble 
barium salt, but is insoluble in cold sodium carbonate ; on boiling, 
however, it dissolves, and the solution, if well cooled and acidified, 
remains clear and evidently contains the hydroxy-acid, since, if 
heated to boiling and again cooled, the lactone separates. Concentrated 
sulphuric acid colours the crystals an intense crimson, and on standing 
a deep crimson solution is produced; this, on warming, becomes at 
first more intensely coloured, and then the crimson changes to dark 
brown. 

Anhydrobrazilic Acid. 

This acid is obtained when brazilic acid is treated with sulphuric 
acid under the following conditions. Pure brazilic acid (0°3 gram) 
is dissolved in 5 c.c. of sulphuric acid and the test-tube containing the 
solution plunged into boiling water for 14 to 2 minutes ; the dark 
brown solution is then cooled and mixed with 2 vols. of water when, 
on rubbing with a glass rod, a pale yellow, crystalline substance 
quickly separates. The sparingly soluble precipitate is collected on 
the pump, washed well, and dissolved in boiling water, a little purified 
animal charcoal being added, when, on cooling the filtered solution, a 
sandy, crystalline powder is deposited which consists of pure anhydro- 
brazilic acid. 

In the preparation of this acid, it was found best to always work 
with the quantities given above ; if larger quantities are used, the yield 
obtained is not nearly so good. From the sulphuric acid mother liquors, 
small quantities of the anhydro-acid mixed with some unchanged 
brazilic acid may be extracted with ether and the two acids may then 
be separated by crystallisation from water. 

The total yield of anhydrobrazilic acid obtained is, however, not 
more than 50 per cent. of the brazilic acid used, the loss being 
apparently due to some of the latter acid becoming sulphonated 
during the process of preparation. On analysis: 


0°1635 gave 0°3681 CO, and 0:0645 H,O. C=61:4; H=4-4. 
01472 ,, 03319CO, ,, 0°0580 H,O. C=615; H=4°4. 
C,,H,,O; requires C=615; H=4:°3 per cent, 


Anhydrobrazilic acid is very sparingly soluble in water and melts at 
197°. When heated in a test-tube, it decomposes and gives a brown 
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oily distillate which, on cooling, solidifies and has an odour strongly 
resembling that of coumarin. It dissolves readily in alcohol, but 
is sparingly soluble in benzene, chloroform, or ether, and almost 
insoluble in light petroleum. Jt behaves like an unsaturated acid, 
since its solution in sodium carbonate rapidly decolorises permangan- 
ate. That it is a monobasic acid is shown by the results obtained by 
titrating it with decinormal sodium hydroxide. 

0'1536 required for neutralisation 0°0264 NaOH, whereas this amount 
of a monobasic acid, C,,H,,0,, should neutralise 0:°0263 NaOH. 

Oxime of Anhydrobrazilic Acid, C,,H,,NO,.—In preparing this oxime, 
a small quantity of the acid was dissolved in sodium bicarbonate, mixed 
with an excess of a solution of hydroxylamine hydrochloride which 
had been neutralised with sodium carbonate, and the whole allowed to 
stand for 24 hours. On acidifying, the product deposited an oil, but 
this rapidly solidified to a granular precipitate, which was collected, 
washed well, and recrystallised from boiling water. It was thus 
obtained as a sandy powder consisting of microscopic needles, which 
melted with decomposition at about 175—180°. On analysis: 


0°1533 gave 0°3260 CO, and 0:0629 H,O. C=579; H=4°5, 
01567 ,, 79 cc. nitrogen at 20° and 760mm. N=58, 
C,,H,,NO, requires C=57°8; H=4:4; N=5°6 per cent. 


Oxidation of Anhydrobrazilic Acid. Formation of p-Methoxysalicylic 
Acid, OMe-C,H,(OH)-CO,H.—The pure acid (0°5 gram) was dissolved 
in dilute sodium carbonate and a cold saturated solution of perman- 
ganate added drop by drop with constant shaking until the pink 
colour remained permanent. After sufficient sodium sulphite had 
been added to destroy the excess of permanganate, the whole was 
boiled, filtered, and the filtrate and washings of the manganese pre- 
cipitate evaporated to a small bulk, On acidifying, a colourless acid 
separated which crystallised from water in colourless needles. On 
analysis : 

0'1104 gave 0°2299 CO, and 00495 H,O. C=568; H=4°9. 

C,H,O, requires C=57'1; H=4°8 percent. 


This acid melted at 156°, and its aqueous solution gave, with ferric 
chloride, an intense violet coloration. That it was p-methoxysalicylic 
acid was further proved by mixing it with an equal quantity of this 
acid, when the mixture melted at 155—156°, 


6-Hydroxy-4-methoxybenzoylpropionic Acid, 
OMe:C,H,(OH):CO-CH,-CH,°CO,H. 


Anhydrobrazilic acid dissolves readily in warm barium hydroxide solu- 
tion, and if the solution is boiled a thick, crystalline precipitate of the 
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barium salt of hydroxymethoxybenzoylpropionic acid rapidly forms, the 
separation being complete after 15 to 20 minutes. 

If the solution is dilute, the separation does not take place until it 
is concentrated sufficiently, and then the barium salt separates in 
stellate groups. The barium salt is collected on the pump, washed 
with water, and dissolved in warm dilute hydrochloric acid, when, on 
standing, the free acid separates in colourless needles, and by recrys- 
tallisation from water is readily obtained pure, in long threads 
somewhat resembling crystals of sublimed phthalic acid. On analysis; 


0°1714 gave 0:3702 CO, and 0:0840 H,O. C=58°9; H=5-4. 
01541 ,, 0°3329C0O, ,, 00756 H,O. C=58:9; H=5-4. 
©,,H,,0; requires C=58°9; H=5°3 per cent. 


6-Hydroxy-4-methoxybenzoylpropionic acid melts at 155—156° and 
dissolves readily in hot, but is rather sparingly soluble in cold, water ; its 
aqueous solution gives an intense violet coloration with ferric chloride. 

The barium salt, obtained by the action of barium hydroxide on 
anhydrobruzilic acid in the way described above, after drying at 100°, 
was analysed with the following results : 


0:3987 gave 0:2440 BaSO,. Ba=36'l. 
C,,H,,0,;Ba,H,O requires Ba = 36°4 per cent. 


From this it would appear that the barium salt prepared in this 
way has the formula C,,H,,0,Ba,H,0, that is to say, that the barium 
has replaced, not only the hydrogen of the carboxyl group, but also 
that of the phenolic hydroxyl group. 

Such cases as this have often been observed before; thus salicylic 
acid yields a barium salt, C,;H,O,Ba,2H,O, which is very sparingiy 
“ soluble in water. 

The filtrates from several preparations of the barium salt of hydr- 
oxymethoxybenzoy|propionic acid were mixed and the excess of barium 
hydroxide removed by passing carbon dioxide through the boiling 
solution. 

The filtrate deposited, on evaporation, a further small quantity 
of the insoluble barium salt; this was removed by filtration, and 
the concentrated solution, which contained a considerable quantity of 
a barium salt, carefully tested for formic acid. This was easily proved 
to be present, not only by the fact that the solution blackened silver 
nitrate, but also because it readily reduced mercuric chloride to mer- 
curous chloride. There can, therefore, be no doubt that anhydro- 
brazilic acid is decomposed by boiling with barium hydroxide into 
formic acid and hydroxymethoxybenzoylpropionic acid, according to the 
equation 


C,,H,,0, + 2H,O = H-CO,H + ©,,H,,0,. 
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Dimethoxybenzoylprojionic Acid, C,H,(OMe),*CO-CH,*CH,°CO,H. 


It was necessary to prepare this acid, in order to compare it with 
the acid obtained synthetically by the action of aluminium chloride on 
the mixture of dimethylresorcinol and the ester uf the half-chloride of 
succinic acid (see next section). 

Hydroxymethoxybenzoylpropionic acid (1 gram) was dissolved in 
12 grams of methyl alcohol, 3 grams of concentrated sulphuric acid 
added, and the whole heated to boiling in a reflux apparatus for 
4 hours, 

On adding water, a crystalline substance separated, which, since it 
was insoluble in sodium carbonate, evidently consisted of the methyl 
ester, OMe-C,H,(OH)-CO-CH,:CH,°CO,Me. In this condition, it 
melted at about 85°, and its alcoholic solution gave an intense violet 
with ferric chloride ; it was, however, not further purified, owing to 
the necessity for using the whole quantity for further methylation. 
The dry methyl ester (0°8 gram) was dissolved in dilute sodium meth- 
oxide (containing 0-1 gram Na) and heated in a sealed tube with 
3 grams of methyl iodide at 120° for 2 hours; the tube was then 
opened, the same quantity of sodium methoxide and methyl iodide 
again added, the tube resealed, and heated at 120—130° for 3 hours. 
The product was poured into water, the oily precipitate extracted with 
ether, the ethereal solution well washed with water, and then three 
times with dilute soda in order to extract some unmethylated ester 
which was present. The ethereal solution was then evaporated and 
the residual oil hydrolysed by boiling for a few minutes with methyl 
alcoholic potash. Water was then added and the clear solution evap- 
orated until free from methyl alcohol, when, on the addition of hydro- 
chloric acid, a crystalline acid was deposited, which was collected, 
washed with water, dried ona porous tile, and recrystallised twice from 
benzene. On analysis : 


01250 gave 0:2779 CO, and 0:0673 H,O. C=606; H=6°0. 
C,,H,,0, requires C=60°5 ; H=5-9 per cent. 


Dimethoxybenzoylpropionic acid melts at 146—148°, with slight previ- 
ous softening, and when kept a short time a few degrees above its 
melting point, it becomes a deep violet colour. It is readily soluble 
in alcohol and in hot benzene, but sparingly so in cold benzene ; its 
alcoholic solution gives no coloration with ferric chloride. 
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Synthesis of Dimethoxybenzoylpropionie Acid. 
[With E. Ornmerop. | f 


In synthesising this acid, a process was employed which is some- 
what similar to that recommended by L. Bouveault (Bull. Soc. Chim., 
1897, [iii], 1'7, 333) as suitable for cases of this kind. 

Dimethylresorcinol (8°4 grams) was dissolved in nitrobenzene 
(17 grams) and carbon disulphide (35 grams), and then mixed with 
the ester of the half-chloride of succinic acid, CleCO-CH,*CH,°CO, Et 
(10 grams). Powdered aluminium chloride* (8 grams) was then added 
in small quantities and, after standing for some hours, the mixture 
was gently heated on the water-bath for a few minutes. 

The product was treated with water, the oily layer well washed 
with water, and the carbon disulphide removed on the water-bath ; 
the residue was then distilled in steam until the nitrobenzene and 
small quantities of unchanged dimethylresorcino] had been removed. 
The non-volatile oil was extracted with ether, the ethereal solution 
evaporated, and the brown oil hydrolysed with a slight excess of 
alcoholic potash. After evaporating off the alcohol, the residue was 
dissolved in water ,and acidified, when a brown solid separated, 
which was collected on the pump and purified by repeated recrys- 
tallisation from benzene. On analysis: 


0°1559 gave 0°3465 CO, and 0:0834 H,O. C=60°6; H=5°9. 
C,,H,,0; requires C= 60°5 ; H=5°9 per cent. 


The synthetical dimethoxy benzoy!propionic acid thus obtained melted 
at 146—148° with slight previous softening, and the melted mass be- 
came a deep violet colour a few degrees above this temperature. 
That it is identical with the acid of this composition obtained from 
anhydrobrazilic acid as described above, was further proved by mix- 
ing the two acids, when no alteration in the melting point could 
be observed. 


In conclusion, I wish to express my thanks to Mr. J. Yates for his 
valuable assistance in carrying out this investigation, and I wish also 


to state that much of the expense incurred was defrayed by repeated 


grants from the Royal Society Fund. 


THE OwENs COLLEGE, 
MANCHESTER, 


* Prepared from aluminium. 
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XXIV.—Brazilin and Hematoxylin. Part III. The 
Constitution of Hamatoxylin. 


By W. H. Perkin, jun., and J. Yares. 


HMATOXYLIN is the colouring matter of Hamatoxylon campechianum, 
a tree which belongs to the family Cesalpiniacee,and the wood of which 
appears to have been first imported into Europe by the Spaniards 
shortly after the discovery of America. The heart-wood of this tree, 
known as logwood in this country, is still largely used in cotton and 
wool dyeing for the production of blacks and greys, and it is also em- 
ployed on account of its cheapness along with other colours, such as 
indigo, for dyeing compound shades. 

The importance of hematoxylin may be judged from the fact that it 
has probably been, and perhaps is still, more largely used than any 
other natural colouring matter, not even excepting indigo. The dye is 
sent into the market either as a concentrated liquid extract or 
in the solid form, the rasped wood, in either case, being extracted with 
water and the extract evaporated in vacuum pans. 

For dyeing cotton, or in calico printing, logwood extract is generally 
used in conjunction with an iron, chromium, or aluminium mordant ; 
the two first-named give intense black, whereas, with the latter, grey- 
ish-violet shades are produced. Very large quantities of the liquid 
extract are still used in wool dyeing for the production of blacks, the 
wool being immersed alternately in the extract, and in a bath of potass- 
ium dichromate and .sulphuric acid. Again, in silk dyeing, logwood 
extract is very largely used in conjunction with an iron mordant for 
the production of blacks. It is worthy of note that hematoxylin and 
iron alum have long been used as one of the most important stains for 
microscopical secticns of animal tissues, but, quite recently, Professor 
8. J. Hickson (Quart. J. Micros. Sci., 1901, p. 469) has shown that 
brazilin used with iron alum gives results which are even more 
satisfactory. 

The actual colouring matter of logwood was first isolated by Chevreul 
(Ann. Chim. Phys., [ii], 82, 53, 126) in 1810, who obtained it by 
extracting the wood with water, evaporating the extract to dryness, 
and digesting the residue with alcohol, which dissolved the hematoxylin, 
but not the other substauces present. 

After distilling off the alcohol, the residue was allowed to stand in 
contact with water, when the hematoxylin separated in crystals. Pure 
hematoxylin is now comparatively easily obtained from the dark 
coloured crusts which gradually separate when the casks of concentrated 
logwood extract are allowed to stand in a cool place. ‘The crude mass 
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is ground to a fine powder, extracted repeatedly with ether, the ether- 
eal solution evaporated, and the residue left in contact with water 
when dark coloured crystals separate, which, by recrystallisation from 
water containing a small quantity of sodium bisulphite, may be obtained 
colourless, and consist then of pure hematoxylin. 

Hematoxylin crystallises in tetragonal prisms with 3 molecules of 
water of crystallisation, and is sparingly soluble in cold, but readily in 
hot, water ; it dissolves in alkalis, forming an intense purple-coloured 
solution. It is strongly dextrorotatory, a 1 per cent. aqueous solution 
having a rotation of 1°85° ina 200 mm. tube; it also reduces Fehling’s 
solution and silver nitrate in the cold. 

The first attempt to determine the composition of hematoxylin is due 
to Erdmann, who in 1842 (Annalen, 44, 292) proposed the formula 
C,,H,,0;; this he subsequently altered to C,,H,,0,, for the an- 
hydrous substance and this formula, which was confirmed by Hesse 
(Annalen, 1859, 109, 332) and by other workers, is now accepted as 
correct. 

From very early times experiments were made with the object of 
obtaining evidence as to the nature of this important dye-stuff, but the 
results in most cases did not afford any clue to its constitution. The 
literature bearing on the subject is, in fact, so extended, that it is only 
possible in this paper to give a very brief outline of such of the work 
as produced really valuable evidence of the nature of hematoxylin. 

Reim (Ber., 1871, 4, 331) showed that when an ethereal solution of 
hematoxylin is mixed with a few drops of nitric acid; oxidation takes 
place and hematein, C,,H,,0,, is produced. J. J. Hummel and A. G. 
Perkin (Ber., 1882, 15, 2337) subsequently obtained hematein pure in 
the form of reddish-brown crystals by leading air through a solution of 
the dye-stuff in ammonia. The action of fused caustic potash on hema- 
toxylin was also first investigated by Reim (oc. ett., 332) and from the 
fused mass he was able to isolate considerable quantities of pyrogallol, 
a result of great importance, since it showed that hematoxylin is prob- 
ably a derivative of this substance. R. Meyer (Ber., 1879, 12, 1392) 
submitted hematoxylin to dry distillation, and obtained a distillate 
which he stated contained resorcinol, as well as pyrogallol, but the 
qualitative tests by which he claimed to have recognised the former 
of these were quite insufficient, and it will be shown in this paper that 
resorcinol is not formed in this way. That hematoxylin contains 
several hydroxyl groups was clear from early times, and in order to 
determine how many such groups were present in the molecule, Reim 
(loc. cit., 331) investigated its behaviour with acetyl chloride, and 
obtained a substance which he considered to be hexa-acetylhematoxylin , 
C,,H,O,(C,H,0),, and as a result of this he suggested the first consti- 
tutional formula for hematoxylin, namely, 


i! 
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Erdmann and Schultz (Annalen, 1883, 216, 234), by determining the 
number of acetyl groups in this substance, subsequently showed that 
Reim’s substance was penta-acetylhematoxylin and had the formula 
C,gH,(C,H,0),0,, and therefore hematoxylin contains only five 
hydroxyl groups. This result was confirmed by the investigation of 
the action of sodium methoxide and methyl iodide on hematoxylin 
when, under certain conditions (Herzig, Monatsh., 1894, 15, 143), 
tetramethylhematoxylin, C,,H,,O,(OMe),, is produced a substance 
which still contains a hydroxyl group, since on treatment with acetic 
anhydride it yields acetyltetramethylhematoxylin, 

C,,H,O(OMe),-OC,H,0. 
It is thus shown that hematoxylin, like brazilin, contains an alcoholic 
hydroxyl group which is not methylated by the action of sodium meth- 
oxide and methy] iodide, and indeed, from the general similarity between 
brazilin and hematoxylin, it has long been considered probable that 
these two colouring matters are closely allied in constitution. 


During the investigation of brazilin, we have also carried out a 
number of experiments on hematoxylin, the results of which, in our 
opinion, not only prove the close relationship of these two colouring 
matters, but also enable us to assign a formula to hematoxylin 
which we believe correctly represents the constitution of this 
substance. 

In the present paper, we describe only the experiments on the oxida- 
tion of tetramethylhematoxylin with permanganate, and leave for a 
future communication the description of the interesting substances 
which have been obtained by oxidising tetramethylhematoxylin with 
chromic acid. 

We have also carefully repeated R. Meyer’s (loc. cit.) experiments on 
the distillation of hematoxylin, and show that pyrogallol (but no re- 
sorcinol) is produced in considerable quantity in this way. We are 
thus able to confirm Reims’ discovery (loc. cit.) that hematoxylin is 
probably a derivative of pyrogallol. 

When tetramethylhematoxylin is oxidised with permanganate, it 
yields m-hemipinic acid, an important result, because it shows that 
hematoxylin, like brazilin, contains the catechol nucleus. Briefly stated, 
then, the molecule of brazilin is made up of a resorcinol and a catechol 
nucleus, whereas hematoxylin contains a pyrogallol and a catechol 
nucleus, 

From the product of the oxidation of tetramethylhematoxylin, we 
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have also been able to isolate considerable quantities of a beautifully 
crystalline acid, C,,H,,0,, which melts at 215° 

This acid is dibasic, since it yields a silver salt, C,,H,,O,Ag, ; it is 
also converted into the anhydride C,,H,,O, by treatment with acetic 
anhydride, and as it contains two methoxy-groups and yields pyrogallol 
when heated in a sealed tube with hydrochloric acid, its constitution is 
evidently represented by the formula: 


OMe 


OMe/ \0-CH,*CO, H 


| le 
\ 0, 


that is to say, it is 2-carboxy-5 : 6-dimethoxyphenoxyacetic acid. This acid 
is therefore exactly similar to the 2-carboxy-5-methoxyphenoxyacetic acid : 


OMe/ Bes CH,-CO,H 


i 


which was obtained from trimethylbrazilin by oxidation with per- 
manganate, from which, indeed, it only differs by containing an extra 
methoxy-group. The close relationship between brazilin and hema- 
toxylin which owing to the general similarity in the properties of these 
two colouring matters has so long been considered probable, is now 
clearly proved and may be briefly expressed in the following way. 
Trimethylbrazilin, on oxidation, yields 2-carboxy-5-methoxyphenoxy- 
acetic acid and m-hemipinic acid, and therefore its constitutional 
formula must contain the two nuclei: 


oH’ \\c C./N\on 
_ d and | lOH ? 
\V4%0 Oo\/ 


These two combined together lead, then, to the formula, 
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OH 


which, as shown in the preceding paper, there is every reason to 
believe represents the constitution of brazilin. 

Similarly, tetramethylhematoxylin, on oxidation with permanganate, 
yields 2-carboxy-5 : 6-dimethoxyphenoxyacetic acid and m-hemipinic 
acid, and therefore hematoxylin must contain the two nuclei : 

OH 
oH/ \/\¢ O\/Non 
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These combined together in the same way as in the construction of 
the brazilin formula give the expression 
OH Ov 
OH CH 
AE H% CH\y H,/\ Pa 
OH 


ou 
OH’ 


as representing the constitution of hematoxylin, and as this accounts 
in a satisfactory manner for all the known decompositions of this 
colouring matter, there can be little doubt that it is correct. 


Besides the acids mentioned above, another acid is formed in the 
oxidation of tetramethylhematoxylin with permanganate in consider- 
able quantities ; this melts at 180°, has the formula C,,H,,.0,5, and has 
been named hematoxylinic acid. 

This new acid, which it will be seen contains the same number of 
carbon atoms as tetramethylhematoxylin, is dibasic, since its silver salt 
has the composition C,)H,,.Ag,0,o. 

On reduction with sodium amalgam, it is converted quantitatively 
into an acid, C,)H,,0,, which is a monobasic lactonic acid, and it is 
therefore evident that the latter is produced in two stages, thus: 


CypH 0,9 + 2H - C49 H 2949 

Hematoxylinic acid. Dihydrohematoxylinic 
acid. 

C9H 5.0); - H,0 - C5H 0, 


Lactone of dihydro- 
heematoxylinic acid. 


Hematoxylinic acid corresponds in all its properties with brazilinic 
acid, C,,H,,0, (Trans., 1901, '79, 1411), from which it diiters only by 
one methoxy-group, and it is extremely probable that its constitu- 
tion is ; 


OMe/ \/ H——/ OMe, 
HO / OMe 


The lactone of dihydrohematoxylinic acid would then be 
OMe 0. 
OMe’ \“ SG H———/ Nome, 
sh CH, J~ / Me 
CO-O 00,H 


or the CO,H of the catechol nucleus might of course take part in the 
R 2 
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lactone formation. To prove conclusively the constitutions of brazil- 
inic and hematoxylinic acids is a matter of great difficulty, and a 
description of the large amount of experimental work which has been 
accumulated with this object will, it is hoped, form the subject matter 
of a future communication. 


Oxidation of Tetramethylhematoxylin*® with Permanganate. 


This oxidation, like the oxidation of trimethylbrazilin, was carried 
out under a variety of conditions, but the following method was the one 
ultimately adopted in preparing the substances described in this paper. 

Tetramethylhematoxylin (10 grams) is ground up with a little 
water into the finest possible paste, washed into a three litre flask 
with 100 c.c. of water, and then 100 c.c. of a cold saturated solution 
of permanganate added and the whole allowed to stand at the ordinary 
temperature until the colour has disappeared. A further 100 c.c. of 
permanganate are then added, and the operation continued until, after 
standing for 10—12 hours, the liquid still remains pink. The excess 
of permanganate is then destroyed by adding sodium sulphite and the 
product, after heating to boiling, filtered on the pump; the maganese 
precipitate is then extracted twice with boiling water and the combined 
aqueous solutions nearly neutralised with hydrochloric acid and 
evaporated to a small bulk, but not to dryness. 

On acidifying the residue with hydrochloric acid, a small quantity of 
a black, tarry substance separates and is removed by filtration, the 
red fitrate is then shaken with chloroform, which causes a small 
quantity of a crystalline substance (A) to separate ; the filtrate from 
this is then repeatedly extracted with chloroform. The chloroform 
extract is washed with a little water, dried over calcium chloride, 
when, on distilling off the chloroform, a semi-solid tarry mass remains 
(B). The solution, after treatment with chloroform, is saturated with 
ammonium sulphate and extracted at least 10 times with ether ; the 
ethereal solution is dried over calcium chloride and evaporated and in 
this way a brick-red, crystalline mass is obtained (C). 


* The hematoxylin used in this research was obtained from Kahlbaum and was 
‘always of excellent quality. The preparation of the tetramethylhematoxylin was 
carried out almost exactly in the way described in the case of trimethylbrazilin 
(Trans., 1901, 79, 1403). On pouring the product of methylation into water and 
allowing the whole to stand for a few days, in almost all cases, part of the tetra- 
methylhematoxylin separated in roseate groups of straw-coloured needles; these 
melted at 65—70° and contained water of crystallisation. After drying at 100° and 
recrystallising from alcohol, the substance was obtained in an anhydrous condition 
melting at 140—142°. The rest of the tetramethylhematoxylin was extracted with 
ether and purified as in the case of the trimethylbrazilin: but in the oxidation 
experiments, much better results were always obtained with the crystals melting at 
65—70° than with the anhydrous substance, 
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The Substance A is 2-Carboxy-5 : 6-dimethonyphenoxyacetic Acid, 
a 


OMe/ pire CH,°CO, i 


*\ 


The substance A crystallises from glacial acetic acid in colourless 
needles and so easily that even when much contaminated with resin, 
as was frequently the case, it separates at once from this solvent in an 
almost pure condition. After two crystallisations, the following 
numbers were obtained on analysis: ~ 


0'1730 gave 0°3258 CO, and 0:0753 H,O. C=51:4; H=48. 
01153 ,, 02179 co, »» 0°0495 HO. C= 515 ; H=4°8. 
C,,H,,0, pvanlies C=51°6; H=4°7 per cent. 


2-Carboxy-5 : 6-dimethoxyphenoxyacetic acid melts at 214—215° and 
at about 225—230° decomposes with evolution of gas. It is almost 
insoluble in cold water, but is dissolved slightly by boiling water and 
is deposited on cooling in needles ; it is sparingly soluble in cold acetic 
acid, but dissolves readily on boiling. 

The methoxy-groups were determined by Zeisel’s method : 


0:2703 gave 05148 AgIl. MeO= 25-2. 
CO,H:C,H,(MeO),0°CH,:CO,H requires MeO = 24:2 per cent. 


The silver salt, C,,H,,O,Ag,, is precipitated on the addition of silver 
nitrate to a mashed ‘cides of the ammonium salt as a white, gelatin- 
ous precipitate which is difficult to wash. On analysis : 


0°2251 gave 02343 CO,, 00457 H,O, and 0°1035 Ag. C=28°3; H=2°2; 
Ag =46°0. 
C,,H,,0,Ag, requires C= 28:1; H=2:1; Ag=45-9 per cent. 


A neutral solution of the ammonium salt gives a white, gelatinous 
precipitate with calcium chloride, but with barium chloride no precipitate 
is produced until the solution is boiled, and then a very sparingly 
soluble, crystalline salt separates. When fused with potash, the acid 
gives a brown mass, and the solid acid obtained from this by acidifying 
and extracting with ether gives all the reactions of pyrogallol. 

In order to clearly prove that this acid is a derivative,of pyrogallol, 
a small quantity was heated with hydrochlovic acid in a sealed tube for 
2 hours at 180°. On opening the tube, carbon dioxide escaped, and the 
liquid contained small, black flocks in suspension ; these were removed 
by filtration. The filtrate was saturated with ammonium sulphate, ex- 
tracted five times with ether, and the ethereal solution, after drying 
with calcium chloride, evaporated, when a brown oil remained 
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which was distilled under reduced pressure from a small retort. The 
distillate, which was a light brown oil, crystallised at once on rubbing 
with a trace of pyrogallol, and, in contact with porous porcelain, the 
dark mother liquor was rapidly absorbed, leaving a colourless, crystal- 
line residue. After crystallising from benzene, this melted at 125—130°, 
gave with ferric chloride a blue colour rapidly changing to brownish- 
green, and with nitrous acid a yellow colour changing to brown, and 
since when dissolved in potash and left exposed to air a deep brown 
solution was obtained, there can be no doubt that the substance is 
pyrogallol (m. p. 132°), 


Anhydride of Carboxydimethoxyphenoxyacetic Acid. 


When this acid is heated in a small flask under reduced pressure, it 
first melts, then water is eliminated, and an oily distillate is obtained 
which has a penetrating odour like that of formaldehyde, and which, on 
cooling and rubbing, partly solidifies. When this was ground up with 
ether, some dissolved, but a portion remained insoluble as a white, crys- 
talline powder which softened at 150° and melted at 175°. This 
substance dissolved only partly in cold dilute sodium carbonate, and 
the solution, on acidifying, deposited a‘ considerable quantity of the 
unchanged acid melting at 214°. The residue consisted of the crude 
anhydride of the acid. 

It appears, therefore, that on distillation under reduced pressure the 
acid is partly converted into the anhydride and partly distils un- 
changed. 

‘Subsequently, the pure anhydride was obtained by heating the acid 
in a reflux apparatus with acetic anhydride for 20 minutes. The solu- 
tion, on standing over potash in a vacuum desiccator, gradually de- 
posited square plates from which, after drying at 100°, the following 
numbers were obtained on analysis : 


0°1488 gave 0°3013 CO, and 0:0575 H,O. C=552; H=4°3. 
C,,H,)0, requires C= 55°4 ; H=4°2 per cent. 


This substance is therefore the anhydride of carboxydimethoxyphenoxy- 
acetic acid. 


A 
The Substance C is Metakemipinic Acid, Mee \CO:H 


The substance C, obtained from the ethereal extract (p. 240) of the 
product of the oxidation of trimethylhematoxylin with permanganate, 
was a brick-red powder sparingly soluble in ether. In purifying it, it 
was first washed on the pump with ether and then crystallised from 
water with the aid of animal charcoal, and was thus obtained in almost 
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colourless, glistening needles which melted at 190° with decomposition 
and consisted of pure m-hemipinic acid. On analysis: 


0°1284 gave 0°2496 CO, and 0:0529 H,O. C=53:0; H=4°6. 
C,)H,)O¢ requires C=53:1; H=4°4 per cent. 


As it was most important to be certain of the identity of this acid, 
it was next converted into the silver salt, which was obtained as a 
granular precipitate on adding silver nitrate to a neutral solution of 
the ammonium salt. On analysis : 


0°1489 gave 01517 CO,, 00279 H,O, and 0:0728 Ag. C=27'7; 
H=2:1; Ag=48°8. 
C,,H,O,Ag, requires C=27'°3 ; H=1:9; Ag= 49-1 per cent. 


Lastly, the characteristic ethylimide was prepared by dissolving the 
acid in ethylamine, evaporating to dryness, distilling the residue, and 
erystallising the distillate from alcohol. The yellow needles which 
separated melted at 230° and consisted of pure m-hemipinethylimide. 
On analysis : 


0°1829 gave 9°6 c.c. of nitrogen at 13° and 732 mm. N=6°2. 
C,,H,,0,N requires N=5:9 per cent. 


There can therefore be no doubt that the acid is m-hemipinic acid, 
a very important fact, since it proves that hematoxylin contains the 
catechol nucleus. : 


Hematoxylinic Acid, Cy)H5)0,p. 


This acid is contained in the chloroform extract (B) of the product 
of the oxidation of tetramethylhematoxylin, and is evidently that 
derivative of hematoxylin which corresponds with brazilinic acid 
(Trans., 1901, '79, 1411) obtained in a similar way from trimethyl- 
brazilin. The tarry residue left after distilling off the chloroform 
was boiled with a large quantity of water, when all dissolved except a 
small quantity of dark coloured, resinous matter. The aqueous 
solution was mixed with an excess of basic lead acetate, and the 
pale yellow, amorphous precipitate which separated was collected 
and well washed with water. The precipitate was then ground 
up with water to a fine paste and decomposed with sulphuretted hydro- 
gen, first by passing the gas in the cold, and afterwards through the 
boiling liquid. After filtering, the precipitate was again heated with 
water and sulphuretted hydrogen, and the combined, nearly colourless 
filtrates were then evaporated to a small bulk. The concentrated 
aqueous solution, on standing, deposited nodular crystals ; these were 
collected, washed with water, and recrystallised from glacial acetic 
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acid, from which the new avid separated in colourless needles. On 
analysis : 


0°1717 gave 0°3582 CO, and 0:0714 H,O. C=56:9; H=4°6. 
01546 ,, 03231 C0, ,, 0°0677H,O. C=570; H=4'8. 
CoH 90,9 requires C=57'1; H=4°8 per cent. 


Hematoxylinic acid melts at 180° without decomposition, and is very 
sparingly soluble in water ; it dissolves readily in hot methyl alcohol 
and glacial acetic acid, but is sparingly soluble in chloroform, very 
sparingly so in benzene, and almost insoluble in light petroleum. 

Hematoxylinic acid, like brazilinic acid, dissolves in concentrated sul- 
phuric acid, producing an intense reddish-brown solution. That it is a 
dibasic acid is shown by the following results, obtained by titrating 
with decinormal sodium hydroxide. 

0:2067 neutralised 0-041 gram NaOH, whereas this amount of a di- 
basic acid of the formula C,,H,,0,, should neutralise 0°04 gram NaOH. 

Salts of Hematoxylinic Acid.—The silver salt, C.)H,,0,,Ag, is ob- 
tained as a white, granular precipitate on adding silver nitrate to a 
neutral solution of the ammonium salt. On analysis : 


0:2201 gave 0°3030 CO,, 0°0549 H,O, and 0°0704 Ag. C=376; 
H=2'8 ; Ag=33°6. 
C.,H,,0,,Ag, requires C= 37°8 ; H=2°8; Ag=34°0 per cent. 


The neutral solution of the ammonium salt gives no precipitate with 
calcium chloride, barium chloride, or zine sulphate, but on the addition 
of copper sulphate a pale green, very sparingly soluble salt separates. 


Lactone of Dihydrohematoxylinie Acid, Cy)H4,0y. 


This lactone acid is formed by the action of sodium amalgam on 
hematoxylinic acid, reduction and elimination of water taking place 
simultaneously, as explained in the introduction (p. 239). 

In preparing the lactone acid, pure hematoxylinic acid was dissolved 
in dilute caustic soda and left in contact with excess of 3 per cent. 
sodium amalgam for 24 hours. On acidifying the strongly alkaline 
solution, a gelatinous precipitate separated, which was collected on the 
pump, washed with water, ani purified by recrystallisation from glacial 
acetic acid, from which it separated in beautiful, colourless needles. On 
analysis : 

0°1748 gave 0°377 CO, and 00759 H,O. C=58°8; H=4'8. 

01380 ,, 0:2996 CO, ,, 0°0621 H,O. C=59:2; H=49. 

C,5H, 50, requires C=59°4; H=4-9 per cent. 

The lactone of dihydrohemutoxylinic acid melts at 192—193° with- 

out decomposition, and is practically insoluble in cold water ; it dis- 
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solves, however, slightly in boiling water, and the solution, on cooling, 
deposits the acid inthe form of peculiar gelatinous flocks. It is moderately 
readily soluble in hot methyl alcohol, and separates on cooling in 
microscopic needles resembling asbestos threads ; it is readily soluble 
in hot glacial acetic acid, but almost insoluble in chloroform, benzene, 
and light petroleum. Concentrated sulphuric acid colours the crystals 
a salmon-pink,* and on standing a pink solution is formed, the colour 
of which becomes more intense on warming, and the solution on diluting 
with water deposits a white, amorphous precipitate. 

That this new acid is a lactonic acid is shown by the following 
titration experiments : 

I. 0:229 gram of substance, titrated with decinormal sodium 
hydroxide in the cold, neutralised 0°0234 gram NaOH, whereas this 
amount of a monobasic acid, C,)H,,O,, should neutralise 0°0227 gram 
NaOH. 

II. 0°2357 gram was boiled with excess of decinormal sodium 
hydroxide for 10 minutes and the excess determined by titration with 
decinormal sulphuric acid. It was found that 0°0478 gram NaOH 
had been neutralised, whereas, on the assumption that the lactone 
ring had been hydrolysed and the acid become dibasic, the amount of 
substance taken should have neutralised 0:0467 gram NaOH. 

Salts of the Lactone of Dihydrohematoxylinic Acid.—The silver salt, 
C,)H,,0,Ag, was prepared by adding silver nitrate to a neutral solu- 
tion of the ammonium salt. It is a white, amorphous precipitate very 
sparingly soluble in water. On analysis: 


0°1640 gave 0:2789 CO,, 00557 H,O, and 00342 Ag. C=46-4 
H=3°8; Ag=20°9. 
C,)H,,0,Ag requires C=46°9; H=3-7; Ag=21'1 per cent. 


The neutral solution of the ammonium salt gives no*precipitate 
with barium or zalcium chlorides, even on boiling ; copper sulphate 
gives a pale blue, very insoluble precipitate, and zinc sulphate a white, 
caseous salt which melts in boiling water. 


Distillation of Hematoxylin. 
[With A. W. Giizopy.] 


It was pointed out in the introduction (p. 237) that our results 
showed that hematoxylin must contain a pyrogallol and a catechol 
nucleus, and that the statement of R. Meyer (Ber., 1889, 12, 1392), 
that this substance, on distillation, yields pyrogallol and resorcinol, was 


* his colour reaction is much less intense than that shown in the case of the 
correspording lactone of dihydrobrazilinic acid, a substance which will be described 
in a future communication. 
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not in harmony with our work, and we therefore felt it necessary to 
repeat his experiments. In doing this, hematoxylin (10 grams) was 
distilled from a small retort under reduced pressure, and the brown, 
semi-solid distillate from ten such experiments was dissolved in water 
and filtered from a small quantity of insoluble resinous matter. 
The solution, which reacted strongly acid, was precipitated with 
excess of lead acetate and the voluminous lead salt, after washing 
with water, suspended in water and decomposed by sulphuretted 
hydrogen. The filtrate from the lead sulphide deposited, on evapora- 
tion, a brown, semi-solid mass, which was repeatedly extracted with 
hot benzene, when, on concentrating the benzene solution and allow- 
ing it to stand, a mass of crystals of nearly pure pyrogallol separated. 
After recrystallising from toluene with the aid of animal charcoal, the 
following results were obtained on analysis : 


0°2046 gave 0:4274 CO, and 0:0878 H,O. C=57:0; H=4°'8. 
C,H,(OH), requires C= 57:1: H=4'8 per cent. 

The substance melted at 130—131° and showed all the reactions of 
pyrogallol. The filtrate from the lead salt, which should contain any 
resorcinol which had been formed, was acidified with sulphuric acid 
and extracted five times with ether. The ethereal solution was 
washed with dilute sodium hydrogen carbonate, dried over calcium 
chloride, and evaporated, when only a small quantity of a dark- 
coloured oil remained, which was found to contain traces of pyrogallol 
which had escaped precipitation by the lead acetate. We were not 
able, in spite of every careful experiments, to detect even a trace 
of resorcinol in this oil, and therefore conclude that the statement 
that resorcinol is formed by the distillation of hematoxylin is in- 
correct. 


We wish to state that much of the expense which was incurred 
during this long investigation has been met by repeated grants from 
the Government Grant Fund of the Royal Society. 


Tue Owens COLLEGE, 
MANCHESTER. 


XXV.—On aa-Dimethylglutaconic Acid and the Syn- 
thesis of isoCamphoronic Acid. 
By W. H. Perxmy, jun. 


isoCamPHoronic¢ acid, C,H,,0,, has been obtained by the oxidation of 
campholenic acid, camphoroxime, and other derivatives of camphor, and 
it is also one of the products of the oxidation of pinene. For these 
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reasons the determination of the constitution of this acid has always 
been considered to be a matter of great importance, since, until this 
is definitely proved, it is not possible to obtain a correct view of the 
relationship which undoubtedly exists between the various members of 
the camphor and terpene series. For a considerable time, two views as to 
the constitution of isocamphoronic acid have been especially prominent. 
Baeyer (Ber., 1896, 29, 2775), as the result of his classical researches 
on pinene, came to the conclusion that this acid probably had the con- 
stitution 

CO,H:CH,*CMe,*CH(CO,H)-CH,°CO,H, 
whereas Tiemann (ibid., 2612), who prepared the acid from cam- 
pholenic acid as well as from pinene, preferred the formula 

CO,H*CMe,*CH(CH,°CO,H),, 

on account of the fact that tsocamphoronic acid, when treated with con- 
centrated sulphuric acid, is converted into terpenylic acid, and when 
oxidised with permanganate yields dimethyltricarballylic acid, two 
changes which are easily understood with the aid of his formula, 


a a oe 
2 
0—CO O0,H 
Terpenylic acid. 
CH—CH, 
CO, H CO,H CO,H 
Dimethyltricarballylie acid. 


Me,C——C CH, —” 
CO,H CH,-CO,H C0,H 
ay, Me,€ 


but which are difficult to bring in agreement with Baeyer’s formula. 

In order to decide whether either of these two formule represented 
isocamphoronic acid, an experimental investigation on the synthesis of 
the acids represented by these formule has been in progress during 
the last four years, and in a paper published some time since (Perkin 
and Thorpe, ‘T'rans., 1899, '75, 897) a method was described by which 
it was found possible to synthesise the acid having the formula which 
Baeyer assigned to isocamphoronic acid. Briefly stated, this synthesis 
is as follows: 

Ethyl dimethylacrylate, CMe,:CH:CO,Et, is heated with the 
sodium compound of ethylic tyanoacetate, CN*CHNa:CO,Et, when 
condensation takes place and the sodium compound of-ethyl cyano- 
dimethylglutarate, CO,Et:C(CN)Na*CMe,°CH,°CO,Et, is obtained. 
When this is heated with ethyl bromoacetate, ethyl cyanodimethyl- 
butanetricarboxylate is produced, and this, on hydrolysis with hydro- 
chloric acid, yields the dimethylbutanetricarboxylic acid, which is the 
acid represented by Baeyer’s isocamphoronic acid formula, 

C a ‘CH, ‘elds CH ¢ CH: CMe, CH, 
CO,Et O0,Et Co,EE dot 60,8  60,H’ 
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The acid thus obtained did not crystallise, and differed from iso- 
camphoronic acid in many of its other properties, and it was therefore 
clearly proved that the latter cannot be a dimethylbutanetricarboxylic 
acid of this formula. Since these results were obtained, a great num- 
ber of experiments have been carried out with the object of synthesis- 
ing the acid having the formula which Tiemann considered must 
represent isocamphoronic acid, but until lately without success. 

In the present paper, however, a method is described by which the 
acid of this formula has been synthesised, and it is shown that the 
synthetical acid is identical with isocamphoronic acid, and therefore 
Tiemann’s view is the correct one, and isocamphoronic acid is 


Me,C CH OH, 
CO,H CH,:CO,H CO,H 


The synthesis of zsocamphoronic acid may be briefly described as 
follows. aa-Dimethylglutaric acid, CO,H-CMe,*CH,°CH,°CO,H, is 
converted into its anhydride, this is then brominated by treating it 
with phosphorus pentachloride and bromine, and the product poured 
into alcohol, when ethyl a,-bromo-aa-dimethylglutarate is obtained as an 
oil boiling at 170° (35 mm.). When this ester is digested with 
alcoholic potash, decomposition takes place readily, and one of the 
substances formed is a new dimethylglutaconic acid, 

CO,H*CMe,°CH:CH:CO,H, 
which melts at 172°. If, now, the ester of this acid is digested 
in alcoholic solution with the sodium compound of cyanoacetic 
ester, a condensation product is formed which, on hydrolysis with 
sulphuric acid, yields isocamphoronic acid. These changes may be 
represented thus : 


CO, Et-CMe,-CH:CH-CO,Et + CN-CHNa:CO,Et = 


CMe,—CH-CH,*CO,Et _ = CMe, —CH-CH,-CO,H 
CO,Et CNa(CN)CO,Et ~ CO,H CH,-CO,H 


The acid thus obtained melted at the same temperature as isocam- 
phoronic acid, and furthermore a mixture of equal parts of the syn- 
thetical acid and of isocamphoronic acid from pinene (which Professor 
von Baeyer kindly sent the author) melted at exactly the same tem- 
perature as the constituents. Finally, the synthetical acid, when 
heated with sulphuric acid, is converted into terpenylic acid with 
evolution of carbon monoxide, a reaction which, as Tiemann first 
showed, is highly characteristic of isocamphoronic acid. There can 
therefore be no doubt that the synthetical acid is the same as the 
isocamphoronic acid obtained from camphor and from pinene. 


The aa-dimethylglutaconic acid, CO,H*CMe,°CH:CH:-CO,H, which 
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is formed from ethyl a,-bromo-aa-dimethylglutarate by the action of 
alcoholic potash as described above, is an acid of considerable interest, 
for the following reasons : 

It melts at: 172° and is undoubtedly aa-dimethylglutaconic acid, since, 
on oxidation with permanganate, it is quantitatively converted into 
dimethylmalonic acid and oxalic acid : 

CO,H-CMe,:CH:CH-CO,H + 40 = CO,H:CMe,°CO,H + CO,H-CO,H. 
Two other aa-dimethylglutaconic acids have, however, been described, 
namely, an acid melting at about 133°, which Henrich (Monatsh., 
1899, 20, 559) obtained by heating the sodium compound of glutaconic 
ester with methyl iodide and then again with sodium and methyl 
iodide and hydrolysing the product. 
I. CO,Et‘-CHNa:CH:CH-CO,Et + MeI= 
CO, Et-CHMe-CH:CH-CO,Et + Nal. 

II. CO,Et-CNaMe-CH:CH-CO,Et + MeI = 
CO, Et*CMe,*CH:CH-CO,Et + Nal. 

III. CO,Et-CMe,°CH:CH:CO,EKt + 2H,O = 
CO,H-CMe,°CH:CH:-CO,H + 2EtOH. 

That this acid melting at about 133° is aa-dimethylglutaconiec acid 
is proved by the fact that, on oxidation with permanganate, it also 
yields dimethylmalonic acid. 

Conrad (Ber., 1899, 32, 137; 1900, 33, 1921) has prepared a 
different acid melting at 150°, which he considers to be an aa-di- 
methylglutaconic acid, the process he employed being briefly as follows. 
Methyl bromodimethylacetoacetate was treated with potassium 
cyanide and thus converted into methyl cyanodimethylacetoacetate ; 
this, on hydrolysis with acids or alkalis, yields a crystalline sub- 
stance melting at 214°, which he considers to be the. lactone of 
a,8-dihydroxy-aa-dimethylglutaric acid. He thinks it probable that the 
formation of this substance takes place thus: 

(a) CN-CH:C(OH):CMe,*CO,Me + H,O 
Methyl] cyanodimethylacetoacetate. 
= CN*CH(OH):CH(OH)-CMe,:CO,Me. 
(6) CN-CH(OH)-CH(OH):CMe,°CO,Me + 2H,0 + HCl = 
CO,H*CH:-CH(OH)-CMe, 
Os 6 — iy 2 + NH,Cl + MeOH, 


By heating the lactone with hydriodic acid, he obtained a crystalline 
lactone melting at 153°, which he concludes is the lactone of hydroxy- 
dimethylglutaric acid, 
CO,H-CH-CH,"CMe, 
O CO 
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Lastly, the methyl ester of this lactonic acid, when heated with sodium 
and isoamyl alcohol, undergoes molecular change, yielding an aa-di- 
methylglutaconic acid, 


CO,H*CH:CH-CMe,* CO,H, 


which melts at 150°. This acid is unsaturated, since its solution in 
sodium carbonate readily decolorises permanganate, but it is not known 
whether dimethylmalonic acid is or is not formed during this oxidation. 
The author of the present paper is, however, of the opinion that this 
unsaturated acid obtained by Conrad is not aa-dimethylglutaconic acid, 
because the lactone melting at 153° from which it was obtained does 
not appear to be the lactone of a,-hydroxy-aa-dimethylglutaric acid. 

It is shown on p, 259 of this paper that the lactone of this constitu- 
tion is produced in considerable quantities, along with aa-dimethyl- 
glutaconic acid, by the action of alcoholic potash on ethylic bromodi- 
methylglutarate. 


CO,Et:CHBr-CH,*CMe, 


bo,Ft gives 


CO,H-CH-CH,: OMe, 
O co 


and as thus obtained it is a substance which crystallises well from 
toluene and melts at 83°, or nearly 70° lower than Conrad’s lactone. 
It must be left to further investigation to determine what the consti- 
tution of Conrad’s unsaturated acid is. 

An acid of the formula of aa-dimethylglutaconic acid should, of 
course, exist in cis- and trans-modifications corresponding with maleic 
and fumaric acids, and these may be represented tbus : 


CO,H-OMe,* C-CO,H CO,H-CMe,*C-CO,H 
H-C:CO,H CO.H-CH — 
cis. trans, 


It is probable that the acid melting at 172°, obtained by the hydro- 
lysis of ethyl bromodimethylglutarate, is the trans-modification, be- 
cause of its high melting point, its sparing solubility in water, and the 
fact that it is not easily attacked by bromine, and does not yield an 
anhydride on treatment with acetic anhydride. There can also be little 
doubt that the acid, of melting point about 133°, obtained by Henrich, 
is aa-dimethylglutaconic acid, not only on account of the way in which 
it is formed, but also because it yields dimethylmalonic acid on oxida- 
tion. Possibly this is a mixture of the cis- and trans-modifications 
difficult to separate into its constituents by fractional crystallisation, 
and experiments are at present being made in order to determine 
whether this is the case. 

Many attempts have been made to convert the acid of melting point 
172° into the corresponding cis-modification, but these have all failed, 


ee 


PM 


Lay 
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partly on account of the acid not yielding an anhydride, but principally 
because the acid is so readily decomposed on heating with elimination 
of carbon dioxide. 

This decomposition seemed so interesting that it was carefully in- 
vestigated, and it is showu on p. 256 that the elimination of carbon 
dioxide is accompanied by the formation of an oily, unsaturated acid 
of the formula C,H,,0,, which boils at 207—208°. 

Carbon dioxide may be removed from aa-dimethylglutaconic acid, 
CO,H:CMe-CH:CH:-CO,H, in two directions, yielding the following 
enmiented acids, 


CO,H-CMe,°CH:CH,. CHMe,°CH:CH:-CO,H. 
Vinyldimethylacetic acid. B-isoPropylacrylic acid. 

Since, however, the acid actually obtained is quantitatively converted 
into a lactone on treating with 33 per cent. sulphuric acid, it cannot be 
isopropylacrylic acid, which contains the doublelinkingin the af-position. 
It is therefore vinyldimethylacetic acid, and the lactone formed by the 
action of the sulphuric acid is the lactone of hydroxyethyldimethylacetic 
acid, and is isomeric with the isocaprolactone which has been obtained 


20 — CH: 
by the distillation of terebic acid, Me,’ 0 _. and in other 


0-CO-CH, 
ways. 
OMe,*CH,-CH, OMe,"CH,'CH, 
Gy @ G-ieeeen.” 
Lactone of hydroxyethyl- 
dimethylacetic acid (b. p. 206°). isoCaprolactone (b. p. 207°). 


The solution of vinyldimethylacetic acid in chloroform instantly de- 
colorises bromine with formation of dibromoethyldimethylacetic acid, 
CO,H-CMe,*CHBr-CH,Br, and its unsaturated nature is also shown 
by the fact that its solution in chl>roform instantly reduces perman- 
ganate ; but, on the other hand, the acid is not acted on by sodium 
amalgam, a behaviour which has repeatedly been observed in the case 
of other acids of similar constitution. 


Preparation of aa-Dimethylglutaric Anhydride, yay OH, ‘7% 


co— aan, 

The method which was employed in preparing the large quantities 
of this anhydride which were required for the research was as follows.* 
Finely powdered isolauronolic acid (100 grams) is mixed, in a flask of 
1500 c.c. capacity, with 500 c.c. of nitric acid (sp. gr. 1-2) and cautiously 


_heated on the water-bath. As soon as the first violent reaction has 


* Compare Blanc (Bull. Soc. Chim., 1898, [iii], 19, 284). 


| 
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subsided, the heating is continued for about 6 hours, with a further 
addition of small quantities of nitric acid of the same strength if it is 
found that the first quantity is not sufficient to dissolve the isolauronolic 
acid completely. The clear solution is evaporated to a small bulk, 
mixed with water, and the evaporation repeated with the constant 
addition of small quantities of water, until nearly all the nitric acid 
has been removed. The residue, after concentrating as far as possible, 
is allowed to stand, when it gradually becomes converted into a semi- 
solid mass, owing to the separation of dimethylglutaric acid. After 
the mother liquor * has been removed as far as possible on the pump, 
the residue is left in contact with porous porcelain until quite dry, and 
then heated to boiling in a reflux apparatus with twice its weight of 
acetic anhydride for 6 hours. The acetic acid and excess of anhydride 
are then distilled off and the crude anhydride purified by fractionation 
under reduced pressure, when, after two distillations, almost the whole 
quantity distils at 175—180° (60 mm.), and on cooling sets to a mass 
of crystals. These are transferred to the pump, and the residue left 
in contact with porous porcelain ; the substance then consists of pure 
aa-dimethylglutaric anhydride melting at 38—40° On analysis: 


0°1371 gave 0:2963 CO, and 0:0895 H,O. C=59:°0; H=7'3. 
C,H,,0, requires C=59°1 ; H=7-1 per cent. 


Ethyl Bromodimethylglutarate, CO,Et‘'CMe,*CH,*CHBr-CO,Et. 


In preparing this bromo-ester, dimethylglutaric anhydride (14 grams) 
is mixed with phosphorus pentachloride (22 grams) in a flask fitted 
with a ground-in air-tube and the mixture heated to boiling for about 
1 hour and until the whole of the pentachloride has dissolved. After 
cooling, a slight excess of bromine (17 grams) is added and the whole 
heated on the water-bath for 12 hours. The action of bromine is 
unusually slow, and it sometimes happens that even after 12 hours the 
whole of it has not been used up ; in such cases, the liquid is sealed up 
in tubes and heated at 125—130° for 2 hours. The somewhat 
brownish product is now poured in a thin stream into three times its 
volume of alcohol, and after the vigorous reaction has subsided, and 
the whole has become cold, it is poured into a large volume of ice and 
water. . The heavy oil is then extracted twice with ether, the ethereal 
solution washed with sodium carbonate, dried over calcium chloride, 
evaporated, and the residual oil rapidly fractionated under reduced 
pressure, when almost the whole quantity passes over at 165—170° 


* A further quantity of crude dimethylglutaric acid may be obtained from thia 
mother liquor by repeatedly evaporating with water and finally allowing the residue 
to remain over sulphuric acid until nearly solid. 
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under 35 mm. pressure aud consists of nearly pure ethyl bromodimethyl- 
glutarate. On analysis: 


0°217 gave 0°1325 AgBr. Br=26'1. 
C,,H,,BrO, requires Br = 27:1 per cent. 


Action of Alcoholic Potash on Ethyl Bromodimethylglutarate. Formation 
of aa-Dimethylglutaconic Acid, CO,H*CMe,*CH:CH:-CO,H. 


When the bromo-ester is digested with a large excess of alcoholic 
potash, hydrolysis and elimination of hydrogen bromide takes place 
simultaneously with formation of dimethylglutaconic acid and the 
lactone of hydroxydimethylglutaric acid (p. 259). The process was 
usually carried out in the following way. 

Caustic potash (35 grams) is dissolved in the least quantity of 
boiling alcohol in a large flask fitted with a wide condenser, and 
through the top of this the bromo-ester (50 grams) is run in rapidly from 
a tap funnel, so that the reaction may be as vigorous as possible and yet 
sufficiently under control to prevent loss through the liquid being 
forced out of the condenser. The whole is then boiled on the water- 
bath for 1 hour, diluted with water, and evaporated with successive 
additions of water until it is quite free from alcohol ; the strongly 
alkaline liquid is then mixed with excess of hydrochloric acid and 
extracted 10 times with ether. 

After washing with water, drying over calcium chloride, and dis- 
tilling off the bulk of the ether, a point is reached in the concentration 
when crystals begin to separate ; at this stage, the flask is well cooled 
and shaken, and the crystals collected on the pump and washed with 
ether.* 

The colourless, crystalline mass consists of almost pure aa-dimethyl- 
glutaconic acid, and after once crystallising from water, needle-shaped 
crystals were obtained which melted at 172°. On analysis : 


0'1740 gave 0°338 CO, and 0°'1008 H,O. C=53:0; H=6-4. 
01581 ,, 0308 CO, ,,. 0:0920 H,O. C=53:1; H=6-4. 
C,H,,0, requires C= 53'2; H=6°3. 


aa-Dimethylglutaconic acid melts at 172°, and is very sparingly soluble 
in cold water, but dissolves readily on boiling. It is readily soluble 
in methyl alcohol, acetone, or glacial acetic acid, sparingly in 
chloroform, ether, or toluene; even in boiling toluene it is only 
dissolved to a very slight extent and in this respect it differs from 
the aa-dimethylglutaconic acid prepared by Henrich (p. 249). 

The molecular weight of the acid as determined by the boiling point 

* For the description of the treatment of the ethereal mother liquors of these 
crystals, see p. 259. 
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method was found to be 146 and 144, whereas the molecular weight 
of C,H,,0, is 158. That the acid is a dibasic acid was shown by 
titration with decinormal caustic soda when 0°1763 gram neutralised 
0:044 gram NaOH, whereas this amount of a dibasic acid, C,H,,0,, 
should neutralise 0044 gram NaOH. 


a, B-Dibromo-aa-dimethylglutaric Acid, CO,H*CMe,-CHBr:CHBr:CO,H, 


Dimethylglutaconic acid is not readily attacked by bromine, as is 
shown by the fact that when suspended in chloroform it does not de- 
colorise bromine, but it may be converted into its dibromo-additive pro- 
duct in the following way. The pure acid is ground toa fine powder and 
mixed with a large excess of bromine, in which it dissolves ; the liquid 
is left overnight in a closed vessel and then poured on to a watch 
glass and exposed to the air. ; 

After the bromine has evaporated, an almost colourless residue is 
obtained which crystallises from glacial formic acid in needles and 
melts at 217—219°. On analysis : 


0:1974 gave 0:231 AgBr. Br=51°7. 
C,H,,0,Br, requires Br = 50°3 per cent. 


a,8-Dibromo aa-dimethylglutaric acid is almost insoluble in cold water, 
benzene, chloroform, and light petroleum, but dissolves readily in 
methyl alcohol. When the finely powdered substance is boiled with 
sufficient water, it rapidly dissolves, much hydrogen bromide is elim- 
inated, and the solution, when concentrated to a small bulk, deposits on 
cooling beautiful, needle-shaped crystals. These, after recrystallising from 
water, melt at about 168—170°, the fused mass giving off gas rapidly 
at 180°, and becoming quite black. The crystals are readily soluble 
in sodium carbonate in the cold, and the solution does not decolorise 
permanganate in the cold, but on warming reduction sets in at once. 
The substance contains much bromine and is evidently the lactone of 
B-bromo-a,-hydroxy-aa-dimethylglutaric acid, 


| ale baton 
co— 3 


Ethyl Dimethylglutaconate, CO,Et’CMe,-CH:CH:-CO,Et. 


In order to prepare this ester, the pure acid was heated in a reflux 
apparatus with alcohol and sulphuric acid for 6 hours on the water- 
bath. The product was mixed with water, extracted three times with 
ether, the ethereal solution washed well with water and dilute sodium 
carbonate, and after drying over calcium chloride, the ether evaporated , 
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when a colourless oil was obtained which distilled constantly at 
195—197° (200 mm.). 


0-1679 gave 0°3797 CO, and 01316 H,O. C=61-'7; H=8°7. 
C,,H,,0, requires C=61'7; H=8:4 per cent. 


Ethyl dimethylglutaconate is a colourless oil which has a pleasant 
but pronounced odour closely resembling that of pineapples. It was 
noticed in its preparation that dimethylglutaconicacid is esterified with 
great ease, and that only a trace of an acid ester was extracted from 
the product by means of the sodium carbonate employed. 


Oxidation of aa-Dimethylglutaconic Acid. Formation of Dimethyl- 
malonic Acid and Oxalic Acid. 


In carrying out this oxidation, pure dimethylglutaconic acid 
(4 grams) was dissolved in a slight excess of sodium-carbonate, water 
(500 c.c.) was added, and after the solution had been mixed with 
powdered ice, a cold saturated solution of potassium permanganate 
was run in until the colour, which disappeared instantaneously at 
first, remained permanent. During the whole operation, a rapid 
stream of carbon dioxide was passed, and the liquid was also kept well 
stirred by means of aturbine. The product was decolorised by adding 
sodium sulphite, heated to boiling, filtered, and the filtrate and the 
washings of the manganese precipitate were evaporated to a small bulk. 
The concentrated residue was acidified~and extracted ten times with 
pure ether and the ethereal solution evaporated, when a syrupy 
acid was obtained which, on examination, was found to contain much 
oxalic acid, as well as another acid, evidently dimethylmalonic acid, 
since, on heating, carbon dioxide was evolved and an oily acid smelling 
of isobutyric acid produced.. In order to separate these acids, 
they were dissolved in water, the solution made strongly alkaline with 
ammonia, heated to boiling, and then excess of calcium chloride added. 
After filtering from the calcium oxalate, the filtrate was concentrated 
and allowed to stand, when a quantity of colourless, star-like crystals 
separated, which consisted of the calcium salt of dimethylmalonic acid. 
The crystals were collected, decomposed with hydrochloric acid, and 
the solution extracted with ether. The ethereal solution was then 
carefully dried over calcium chloride and evaporated nearly to dry- 
ness, when, on standing, glistening, prismatic crystals separated 
which melted at 190° and consisted of pure dimethylmalonic acid : 


0°1723 gave 0°2887 CO, and 0°0956 H,O. C=45°7; H=6°2. 
071206 ,, 02016 CO, ,, 0°0669H,O. C=45°6; H=6:1. 
C,H,O, requires C=45°5 ; H = 6:1 per cent. 
s 2 
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As it was most important that there should be no doubt as to the 
identity of this acid, it was heated in a small retort until the evolu- 
tion of carbon dioxide had ceased, when an oily acid was produced, 
which distilled constantly at 154° (748 mm.) and consisted of pure 
isobutyric acid : 


0-152 gave 0°3022 CO, and 0:125 H,O. C=54:'2; H=9°2. 
C,H,O, requires C=54'5 ; H=9-l per cent, 


By weighing the calcium oxalate formed, it was found that the 
dimethylglutaconic acid had been converted almost quantitatively into 
oxalic and dimethylmalonic acids by oxidation with permanganate 
under the conditions given above. 


Distillation of Dimethylglutaconic Acid. Formation of Vinyldimethyl- 
acetic Acid, CO,H*CMe,*CH:CH,. 


Dimethylglutaconic acid (3 grams) was heated in a small retort by 
means of a metal-bath, when it first melted, and then, at about 200°, 
carbon dioxide commenced to come off in quantity. When the evolu- 
of gas had ceased, the residue, which had a strong odour like that of 
isovaleric acid, was distilled, and nearly the whole quantity passed 
over at 195—210°, only a small quantity of a thick, dark-coloured oil 
remaining. The distillate, on cooling, deposited a few crystals, con- 
sisting probably of a trace of unchanged acid, but after again distilling, 
a colourless oil passed over almost constantly at 207—208° (760 mm.), 
and this showed no signs of crystallising. On analysis: 


0°1186 gave 0°2767 CO, and 0°0966 H,O. C=63°6; H=9°0, 
O,H, 0, requires C=63'2 ; H=8°8 per cent. 

Vinyldimethylacetic acid is a colourless, unpleasant smelling oil, 
which behaves like an unsaturated acid, since, when dissolved in 
sodium carbonate, it at once decolorises permanganate at the ordinary 
temperature ; its solution in chloroform also instantly absorbs bromine. 

In order to investigate the latter reaction, 1 gram of the acid was 
dissolved in chloroform, and after cooling in ice water, bromine was 
added drop by drop until the colour just remained. On exposure to 
the air in a watch-glass, it was noticed that the liquid gave off a little 
hydrogen bromide, and after the chloroform had evaporated, a pale 
yellow oil remained, which when left overnight became semi-solid. In 
contact with porous porcelain, the dark-coloured mother liquor was 
rapidly absorbed and a colourless, crystalline mass was left. On 
analysis : 

00843 gave 0'1141 AgBr. Br=60°1. 

O,H,,0,Br, requires Br = 58-4 per cent. 
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This substance is evidently dibromoethyldimethylacetic acid, 
CO,H:CMe,*CHBr-CH,Br, and in its crude state it melted at about 
100°. Unfortunately, the quantity was too small to allow of its being 
recrystallised. Vinyldimethylacetic acid is apparently not acted on 
by sodium amalgam, since 1 gram of it, after boiling with excess of 
sodium amalgam for 1 hour, was recovered unchanged on acidifying 
and extracting with ether. 


Lactone of Hydroxyethyldimethylacetic Acid satarnaans 0 
CMe, CH, ‘CH, 
ea aD 


Vinyldimethylacetic acid dissolves in 33 per cent. sulphuric acid, 
and if the solution is heated to boiling for a few minutes, an oil 
separates. The product was cooled well, made alkaline by the careful 
addition of potassium carbonate, and repeatedly extracted with ether. 
The ethereal solution was dried over potassium carbonate and evap- 
orated, and the residual oil distilled, when almost the whole quantity 
passed over constantly at 205—206°. On analysis: 

0:1568 gave 0°3607 CO, and 0°1271 H,O. C=62'7; H=9-0, 

C,H,,0, requires C=63°'2; H=8°8 per cent. 

The lactone of hydroxyethyldimethylacetic acid has a rather pleasant, 
fruity odour. It dissolves readily in water, but is reprecipitated 
on adding potassium carbonate. It is closely related to the lactone 
of y-hydroxyisocaproic acid (isocaprolactone), 

OMe,’ CH,CH, 

O nip ? 
which boils at 207°, and which Fittig and Bredt (Annalen, 1880, 
200, 58, 259) first obtained by the distillation of terebic acid, 
C,H 90, : 


Synthesis of isoCamphoronic Acid, CO,H*CMe,*CH(CH,°CO,H),. 


In carrying out this synthesis, sodium (2 grams) was dissolved in alcohol 
(30 grams),and the solution of sodium ethoxide thus obtained mixed 
with ethyl cyanoacetate (13 grams) and allowed to stand for 10 minutes. 
On adding ethyl dimethylglutaconate (20 grams), it was noticed that 
there was very little rise of temperature, but the reaction seemed to 
set in rapidly at 100°, as the sodium compound of ethyl cyanoacetate 
soon passed into solution and the mass quickly acquired a yellow 
colour. After heating for 15 hours in a reflux apparatus and allowing 
to cool, a gelatinous mass was obtained which was mixed with excess 
of dilute hydrochloric acid and extracted three times with ether. After 
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washing several times with water and evaporating off the ether, 30 
grams of a yellow oil were obtained, which was not fractionated and 
analysed but at once conyerted into isocamphoronic acid by the follow- 
ing process. The oil is mixed with about twice its volume of 90 per 
cent. sulphuric acid, in which it dissolves with development of heat but 
without charring. After standing until cold, the whole is diluted with 
1} vols. of water and heated to boiling in a reflux apparatus for 6 
hours, the hydrolysis being facilitated by removing the condenser 
from time to time in order to allow the alcohol produced to escape. 
The brownish liquid on standing overnight becomes filled with a 
mass of crystals and these, after collecting on the pump and washing 
with a little water, melt at 164° and consist of nearly pure isocam- 
phoronic acid. A further considerable quantity in aless pure condition 
may be obtained from the mother liquors by extraction with ether, 
evaporating, and leaving the residue, which becomes semi-solid on 
standing, in contact with porous porcelain. 

The crystalline acid obtained in this way was not weighed, but the 
yield was very considerable, and it is only necessary to recrystallise it 
once from water in order to obtain it quite pure. On analysis: 

0°1821 gave 0°3341 CO, and 0:1064 H,O. C=500; H=6°5. 

01651 ,, 03013CO, ,, 00972H,O. C=49'7; H=6°6. 

C,H,,0, requires C=49°6 ; H=6°4 per cent. 


The synthetical acid, when rapidly heated, softened at 165° -and 
melted at 168°, whereas the melting point of isocamphoronic acid is 
given as 166°. A sample of pure isocamphoronic acid from pinene, 
which Professor A. von Baeyer was good enough to send the author, was 
mixed with the synthetical acid without any alteration in the melting 
point being observable. This, and the fact that the synthetical acid 
on treatment with sulphuric acid yields terpenylic acid, proves that it 
is identical with the acid obtained from pinene and camphor. 


Conversion of Synthetical isoCamphoronice Acid into Terpenylic Acid, 
Me,0-——CH CH, "CO, H. 
O0-CO-CH, , 


In carrying out this decomposition, synthetical tsocamphoronic acid 
(1 gram) was dissolved in concentrated sulphuric acid (8 grams), and 
- the solution heated at 100°, when bubbles of gas were slowly given 
off. After 6 hours, the liquid, which had scarcely darkened in colour, 
was diluted with water and repeatedly extracted with ether, the ether- 
eal solution was washed until free from sulphuric acid, evaporated, 
and the oily residue mixed with a very little water and allowed to 
stand. After about 3 days,the crystals which had separated were left 
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in contact with porous porcelain until dry, and then crystallised from 
water, when glistening prisms were obtained, which melted at 59—60°, 
and consisted of hydrated terpenylic acid. On leaving these crystals 
over sulphuric acid in a vacuum desiccator, they soon became opaque, 
and after two days the chalky mass melted sharply at 90° and gave 
the following results on analysis : 


0°1634 gave 0°3332 CO, and 0:1034 H,O. C=55°6; H=7°0. 
C,H,,0, requires C=55°8 ; H=7-0 per cent. 


This acid is therefore terpenylic acid, whiclf, according to Tiemann, 
crystallises from water in well-defined, hydrated crystals melting at 
56°; these, when placed over sulphuric acid in a vacuum desiccator, lose 
their water of crystallisation, giving a chalky mass which melts at 90°. 


-  Lactone of a,-Hydroxy-aa-dimethylglutaric Acid, 
CMe,*CH,* CH-CO,H 
OOF) : 


The ethereal mother liquors of the crystals of dimethylglutaconic 
acid (p. 253) yielded on evaporation a thick, brown oil, which, on 
standing for several days and repeatedly stirring, partially crystallised. 
The semi-solid mass was spread on porous porcelain and left for some 
weeks until almost all the thick oil had been absorbed and a yellow, 
crystalline mass remained. This, after crystallising first from ether 
and then from water, yielded a considerable quantity of pure dimethyl- 
glutaconic acid (m. p. 172°). 

The porous plates were crushed and extracted in a Soxhlet apparatus 
with ether, the ether was then evaporated, and the dark brown oil, 
from which nothing crystalline could be obtained directly, was esterified 
by treatment with alcohol and sulphuric acid in the usual way (p. 254). 
The large amount of ester thus obtained was distilled twice under 
reduced pressure, and the fraction 215—217° (200 mm.), which was 
about two-thirds of the whole, collected separately. On boiling 
this fraction with 10 per cent. hydrochloric acid, it was readily hydro- 
lysed, and on evaporating to dryness a very thick syrup was obtained, 
which, when placed over sulphuric acid in a vacuum desiccator, soon began 
to crystallise,and ultimately became almost solid. In contact with porous 
porcelain, the mother liquor was slowly absorbed, and a colourless, erys- 
talline residue was obtained, which consisted of the lactone of hydroxy- 
dimethylglutaric acid mixed with small quantities of dimethylglutaconic 
acid. 

The separation of these two substances is very tedious, and was 
carried out by rubbing the crystalline mass with 50 per cent. hydro- 
chloric acid, which dissolves the lactone, but in which the dimethyl 
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glutaconic acid is practically insoluble. After filtering, the filtrate was 
extracted with ether, the oil obtained after distilling off the ether 
allowed to solidify, and again treated with hydrochloric acid. Ulti- 
mately, the lactone was further purified by recrystallisation from toluene 
On analysis : 


0°1631 gave 0°3177 CO, and 0:0950 H,O. C=53:1; H=6°4. 
0°1304 ,, 0:2544CO, ,, 00760H,O. C=532; H=65. 
C,H,,0, requires C=53°1 ; H=6°3 per cent. 


The lactone of a,-hydroxy-aa-dimethylglutaric acid melts at about 85° 
but not quite sharply. It is readily soluble in water, and when the 
crystals are placed on water they rotate rapidly, like camphor crystals, 
and slowly dissolve. The lactone dissolves readily in hot toluene, but 
is sparingly soluble in the cold. 

That it is a monobasic lactonic acid is shown by its behaviour on 
titration with decinormal caustic soda solution, when 0°1849 gram, 
dissolved in cold water, neutralised 0:049 gram NaOH, whereas this 
amount of a monobasic acid, C,H,,0,, should neutralise 0:°047 gram 
NaOH. A considerable excess of decinormal caustic soda was then 
added, and the solution heated to boiling for 10 minutes, and the excess 
of soda estimated by titration with decinormal sulphuric acid. It was 
then found that the total amount of NaOH taken up was 0°0944 gram, 
whereas 0°1849 gram of a monobasic lactone acid, C,H,,0,, on dissolv- 
ing to form the salt of the hydroxy-dibasic acid, should neutralise 
0094 gram NaOH. The first results of titration in the cold show that 
the lactone ring is hydrolysed only to a very slight extent when the 
lactonic acid is dissolved in cold water. 

The hydroxy-dibasic acid, when set free from its solution in caustic 
alkali, is obtained on extraction with ether as a colourless syrup, 
which does not rapidly pass into the lactone, since titration showed 
that even after standing for a quarter of an hour it consisted princi- 
pally of the hydroxy-dibasic acid. When, however, the syrup is placed 
over sulphuric acid in a vacuum desiccator, it is rapidly converted into 
the lactone and solidifies completely. 

Silver Salt of the Lactone of Hydrouydimethylglutaric Acid, C,H,0,Ag. 
—When silver nitrate is added to a neutral solution of the ammonium 
salt, there is at first no precipitate, but soon the silver salt begins to 
separate in microscopic needles, and when dried it has the appearance of 
a silky mass of needles, which are readily soluble in hot, but sparingly 
in cold, water. On analysis: 


0:2310 gave 0°:2691 CO,, 0°0714 H,O and 0:0941 Ag. C=318; 
H=34; Ag=40°7. 
C,H,O,Ag requires C=31°7; H=3°4; Ag=40°7 per cent. 


RUHEMANN AND STAPLETON: TETRAZOLINE. PART II. 261 


The neutral solution of the ammonium salt gives no precipitate with 
calcium or barium chlorides, or with copper sulphate or lead acetate. 


The author wishes to express his thanks to Mr. J. Yates for his 
valuable assistance in carrying out this investigation, and also to state 
that some of the expense of the research was met by repeated grants 
from the Research Fund of the Royal Society. 


THE OwENs COLLEGE, 
MANCHESTER. 


XXVI1.—Tetrazoline. Part I. 


By Stecrriep RuneEemANN and H. E. Stapieron. 


Hanrzscu and SILBErRaD, in their interesting research on diazoacetic 
ester (Ber., 1900, 33, 58), showed that one of the polymerides of 
diazomethanes, described by Curtius and Lang (J. pr. Chem., 1888, [ii], 
38, 534) as trimethintriazimide, was hydrotetrazine (tetrazoline), and 
they used for its synthesis the same method, namely, the action of 
heat on monoformylhydrazine, which we had published previously 
(Trans., 1899, '75, 1131). The remarkable properties of tetrazoline 
induced us to subject it toa closer study. Although this is not yet 
completed, we thought it advisable to give a record of the results 
already arrived at in order to be able to continue the work undisturbed. 
Our attention was mainly directed to the investigation of the action 
of methyl iodide on tetrazoline. We expected that the basic character 
of this substance, as indicated by the fact that it forms salts with 
strong acids and, as stated in this paper, yields a thiourea with 
phenylhydrazine, would also appear in its behaviour towards alkyl 
iodides. We were, however, surprised to find that the action of 
methyl iodide on tetrazoline was complicated and yielded several 
products, two of which we were able to isolate. One of these is 
rather unstable, crystallises in dark blue needles, and has the formula 
C,H,N,I,, whilst the other forms colourless crystals, and has the 
composition C,H,N,I. The formula of the latter compound would | 
correspond with the iodide of methyltetrazoline ; its behaviour, how- 
ever, proves it to have another constitution, for, on attempting to 
isolate the base from the iodide or the chloride by means of an alkali 
or silver oxide, oxidation takes place, and a deep blue solution is 
produced, whereas tetrazoline does not give a similar reaction. More 
’ remarkable still is the nature of the other compound which is formed 
from tetrazoline and methyl iodide. It is decomposed with separation 
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of iodine even by cold water, more readily, however, on boiling ; this 
property characterises it as a nitrogen iodide. 

The continuation of this research, which one of us has undertaken, 
will most probably lead to the knowledge of the reaction between 
methyl iodide and tetrazoline, and to the establishment of the con- 
stitutional formule of the two compounds which are described in this 


paper. 


EXPERIMENTAL, 


Phenyltetrazolylthiourea, C,H, NH-C8:-N<p sy >NHL 


A mixture of tetrazoline and phenyl mustard oil, when cautiously 
heated, yields an oil which, on adding a little dilute alcohol, sets to a 
white solid. In order to remove the adhering mustard oil, it is washed 
with ether and then dissolved in boiling alcohol, from which, on cool- 
ing, it separates in colourless needles melting at 153—154°. On 
analysis : 


0°1457 gave 39°4 c.c. moist nitrogen at 16° and 774 mm. N =32°15, 
02040 ,, 0°2219 BaSO,. S=14:93. 
C,H,N;,S requires N = 31°96 ; S=14°61 per cent. 


Action of Methyl Iodide on Tetrazoline. 


On heating tetrazoline with an excess of methyl iodide at 100° ina 
closed tube for 3 hours, a dark red, viscous product is formed which is 
freed from the unaltered alkyl iodide by evaporation on the water- 
bath. After adding a few drops of methyl alcohol, the oil is allowed 
to remain in a desiccator over sulphuric acid, when, in the course of a 
day, a solid separates. This is filtered and dissolved in a warm mix- 
ture of chloroform and alcohol, from which, on cooling, bluish-black 
needles crystallise melting at 102—103°. The following analytical 
data of the substances, dried in vacuo, correspond with the formula 
C,H,N,I, : 

0°2258 gave 0°0655 CO, and 0°0382 H,O. C=7:91; H=1°87. 

02395 ,, 0°0660CO, ,, 00380 H,O. C=751; H=1°76. 

0°2534 ,, 24°5..c. moist nitrogen at 10° and 767 mm. N=11°68. 

0°2243 ,, 03242 Agl. I=78'11. 

0:2453 ,, 03578 Agl. I[=78°81. 

C,H,N,I, requires C=7'47; H=1°87; N=1162; 1=79-04 per cent. 

The substance is soluble in cold alcohol, and the solution gives with 
silver nitrate a precipitate of silver iodide, which proves it to be an 
iodide. Carbon disulphide neither dissolves it nor is it coloured by it ; 
the characteristic violet coloration, due to iodine, appears, however, 
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on adding a trace of water. This fact indicates that the compound is 
a nitrogen iodide, and that water has to be excluded in its prepara- 
tion. More readily than with cold water does the decomposition take 
place on boiling. The substance melts, and iodine is separated which 
distils with the steam. The dark solution which remains, and which 
is almost neutral to litmus paper, is freed from iodine by extraction 
with carbon disulphide, and, on concentration, yields a dark oil which 
does not deposit crystals, even on standing for several days. The 
viscous residue, when heated with potash, decomposes and evolves 
ammouia ; we have not been able to isolate any other substance. 

The yellowish mother liquor from the bluish-black needles contains 
the second compound which is formed by the action of methyl iodide 
on tetrazoline. It is evaporated on the water-bath, and the dark oil 
which remains, on standing in vacuo over sulphuric acid, yields 
slightly coloured crystals. A further crop can be obtained from the 
syrupy filtrate ; finally, a viscous product is left behind from which 
nothing crystalline separates. The compound, after recrystallisation 
from water or methyl alcohol, appears in well developed, colourless 
crystals which melt at 98—99°, and on analysis yield data which 
agree with the formula C,H,N,I. 


0:2166 gave 0°1268 CO, and 0:0605 H,O. C=15°96 ; H=3:10. 
02405 ,, 5lc.c. moist nitrogen at 13° and 750 mm. N=24°71. 
0.1597 ,, 0°1634 AgI. 1=55°38. 
0:2063 ,, 0°2135 AgI. [=55-93. 

C,H,N,I requires C = 15°92 ; H=3-09 ; N=24-77 ; [=56°19 per cent. 


This compound is almost insoluble in chloroform, but dissolves with 
the greatest ease in alcohol or water. It can be transformed into the 
corresponding chloride by boiling its aqueous solution with an excess 
of freshly prepared silver chloride. The filtrate is evaporated on 
the water-bath, when an oil is left behind which solidifies on standing 
in vacuo over sulphuric acid for a day. The chloride is extremely 
soluble in water, less so in absolute alcohol, and crystallises from 
it in deliquescent, colourless needles which melt at 130°. On 
analysis : 

0'3153 gave 0°3305 AgCl. Cl=25-93. 

C,H,N,Cl requires Cl = 26°39 per cent. 


The concentrated aqueous solution of the chloride gives with 
platinic chloride beautifui, red plates of the platinichloride which is 
rather soluble in cold, readily in boiling, water, but is almost insoluble 
in cold absolute alcohol, and melts at 175°. On analysis: 


0°2415 left, on ignition, 00775 Pt. Pt=32°09. 
(C,H,N,),H,PiCl, requires Pt = 32°11] per cent. 
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The formation of a platinichloride leads to the view that the sub- 
stance C,H,N,Cl is not the hydrochloride of methyltetrazoline, since 
tetrazoline itself yields a compound of the formula (C,H,N,),PtCl,. 
This conclusion is supported by the fact that solutions of the chloride 
or the iodide in the presence of an alkali turn violet on exposure to 
the atmosphere, but that such a reaction does not take place with 
tetrazoline. On account of the solubility of the base in water, 
and the ease with which it is oxidised, we have not succeeded in 
isolating it, since silver oxide has not the desired effect ; neither have 
we been able, as yet, to obtain the blue oxidation product in a pure 
state. 


GONVILLE AND Calus COLLEGE, 
CAMBRIDGE, 


XXVII.—Studies in the Camphane Series. Part VII. 
Conversion of Hydroxycamphene into B-Halogen 
Derwatives of Gamphor. 


By Martin Onstow Forster. 


In a recent communication (Trans., 1901, '79, 644) I described, under 
the name hydroxycamphene, an isomeride of camphor which exhibited 
some remarkable properties. The method by which it was obtained 
from camphor, although circuitous, leads by steps, apparently straight- 
forward, through camphoroxime, bromonitrocamphane, nitrocamphene, 
and aminocamphene. The substance itself behaves like an unsatur- 
ated compound towards bromine and potassium permanganate, and 
is readily converted into camphor by the agency of dilute mineral 
acids ; it also contains the hydroxyl group. On the strength of these 
facts, it was regarded as the tautomeric modification of camphor : 


CH H. 
es 
Hydroxycamphene. Camphor. 


It was necessary to admit, however, that in some respects the be- 
haviour of hydroxycamphene was dissimilar from that which is usually 
associated with compounds of this type. Its unsaturated character, 
and its ready conversion into the ketoni¢ isomeride were certainly 
in accordance with this view of its constitution, but its insolubility in 
alkalis, the indifference of an alcoholic solution towards ferric chloride, 
and the extraordinary stability of the substance on distillation, were 
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points which demanded an explanation more complete than that which 
was put forward at the time. It was suggested, namely, that the 
abnormal behaviour of hydroxycamphene might be due to the fact 
that, unlike the enolic modifications of the ketonic esters which have 
received so much attention during recent years, it contains no acyl 
substituent attached to the B-carbon atom. This view received some 
support from the observation (Trans., 1901, '79, 987) that a-benzoyl- 
camphor, in which the acyl radicle occupies a £-position relative to 
the ketonic oxygen, is readily converted into an enolic modification 
which has all the general properties of compounds belonging to this 
class. On the other hand, it must be borne in mind that the con- 
stitution of enolic a-benzoyleamphor is by no means assured, because 
although, at present, the evidence is in favour of representing it as 
1-hydroxy-2-benzoyleamphene, the matter is still under investigation, 
which may produce facts in support of the alternative structure, 
namely, that of phenylhydroxymethylenecamphor : 


‘CO-C,H 0:C(OH)-C,H 
C,H, <4 aad C,H di 
84 O.0H 8 Wo 
1-Hydroxy-2-benzoyl- Phenylhydroxymethylene- 
camphene. camphor. 


With the object of gaining further evidence relating to the constitu- 
tion of hydroxycamphene, the action of bromine on this compound has 
been studied. It was anticipated that if the structure of hydroxy- 
camphene is that which has been assigned to it, addition of bromine, 
followed by elimination of hydrogen bromide, would yield a-bromo- 
camphor, either alone, or mixed with the unknown a’-bromocamphor : 


o<i oc 
0,1, < | = a OH, < | - 
\ H _ 
7 c<? C 
OH ft Pf Br 
s4uS0-0H _Br Br 
C<a <a 
CH, < | <Br ia CsA | 
C\oHn 


The product actually obtained by the action of bromine on hydroxy- 
camphene ;dissolved in glacial acetic acid containing sodium acetate 
is a new bromocamphor, which melts at 78°, and when dissolved in 
alcohol has [a], +19°; a-bromocamphor melts at 76° and has 
[a], +135°. No addition to the list of mono-halogen derivatives 
of camphor has been made since Kipping and Pope described 
m-chlorocamphor and z-bromocamphor (Trans., 1895, 67, 371), pre- 
pared by eliminating sulphur dioxide from camphorsulphonic chloride 
and bromide respectively. Since the new bromocamphor does not agree 
in properties with those attributed to any of the isomerides previously 
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described, it seemed probable at first that it was a’-bromocamphor, 
the unknown stereoisomeride of ordinary a-bromocamphor. Such a 
substance, however, would be expected to yield a-bromocamphor on 
treatment with the usual transforming agents, but the new derivative 
resists the action of fuming hydrogen bromide and concentrated 
sulphuric acid. Moreover, alcoholic potash should convert it into 
camphor, and although zine and acetic acid reduce it to that substance, 
showing it to be a true camphor derivative, alcoholic potash acts as a 
hydrolytic agent, giving rise to a-campholenic acid : 


C,,H,,0Br + H,O = O,H,0, + HBr. 


Finally, bromine, which would yield a-dibromocamphor in the case of 
a’-bromocamphor, converts the new substance into B-dibromocamphor. 

These facts have only one explanation. The substance obtained by 
the action of bromine on hydroxycamphene must be the unknown 
8-bromocamphor, bearing the relation to B-dibromocamphor that 
a-bromocamphor has to a-dibromocamphor. In the last-named sub- 
stance both bromine atoms occupy the a-position, whilst in B-dibromo- 
camphor, which is more suitably named af-dibromocamphor, one 
bromine atom is attached to the a-carbon atom, the other occupying 
the B-position, of which the exact situation is unknown. 

A bromo-derivative of camphor has been described by Marsh, who 
refers to the substance as “‘8-bromocamphor.” Without disparaging 
the claims of this compound to be regarded as an individual substance, 
it may be questioned whether the bromine atom occupies the B-position 
in the sense just indicated, it being nowhere stated that bromine con- 
verts it into a8-dibromocamphor, or that alcoholic potash resolves it 
into a-campholenic acid. 

Tt will be recognised that the production of B-bromocamphor from 
hydroxycamphene by a process so simple as addition of bromine 
followed by elimination of hydrogen bromide, necessitates a recon- 
sideration of the relationship between camphor and hydroxycamphene. 
The last-named substance is indifferent towards hydroxylamine and 
phenylhydrazine, but readily forms alkyl ethers; its hydroxylic 
character seems therefore assured, apart from the fact that it is pro- 
duced by the action of nitrous acid on a primary amine. There is no 
reason to doubt that the nitro-group in 1 : 1-bromonitrocamphane, and 
consequently the nifro-group in nitrocamphene, and the amino-group 
in aminocamphene, are attached to the carbon atom which, in camphor, 
is ketonic, because bromonitrocamphane yields camphoroxime on re- 
duction, and aminocamphene gives rise to camphor when heated with 
acetic anhydride ; moreover, hydroxycamphene is converted so readily 
into camphor that the action of nitrous acid on aminocamphene can 
scarcely have been abnormal. The only uncertain step, therefore, 


a =p © oO 8 


“See, ee 
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in the series connecting camphoroxime with hydroxycamphene, is the 
removal of hydrogen bromide from 1: 1-bromonitrocamphane. The 
question arises, How does this change take place ? 
Adopting Bredt’s formula for camphor as the basis of representation, 
the constitution of 1 ; 1-bromonitrocamphane is expressed as follows : 
CH,"CH CH, 
O(CH )2 
CH,°O(CH,)——CBr-NO, 
The point to be decided, therefore, is the source of the hydrogen atom 
which is eliminated in association with bromine when bromonitro- 
camphane is converted into nitrocamphene. In view of the unsatur- 
ated character of the latter, and the fact that, of the two carbon 
atoms united with that to which the bromine is attached, only one 
is combined with hydrogen, it was natural to conclude that nitro- 
camphene is represented by the formula : 


CH, ‘CH CH 
O(CHs). | 

CH, -O(CH pe? NO, 
It is this expression which is now shown to be incorrect. It is, 
however, the sole possible formula for a compound which is not 
only produced by the removal of hydrogen bromide from 1 : 1-bromo- 
nitrocamphane, but also contains an ethylenic link. The obvious 
conclusion is that nitrocamphene, and consequently hydroxycamphene, 
are compounds which owe their unsaturated nature to a trimethylene 
or tetramethylene ring, which is resolved so easily into the original 
form as to simulate an ethylenic structure. 

Although, theoretically, this change might occur in each of six 
ways, the production of a-campholenic acid by the action of alcoholic 
potash on 8-bromocamphor renders all improbable excepting two ; these 
would involve the representation of hydroxycamphene by one of the 
formule : 


CH,.CH———CH, CH,-CH CH, 
I. | C(CH,), IL. ((CH,), 
GH—-C(CH,)—C-0H CH, oath OH 


the structure of B-bromocamphor being then indicated by one of the 
expressions : 


CH,—CH CH, CH,-CH-——OH, 
C(CH,), | or | O(CH,), 
OHBr-C(CH,)—UO OH,*C(CH,Br)*UO 


respectively. 
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So'far as the evidence in this paper is concerned, it is scarcely 
possible to come to a definite conclusion, although the transformation 
of B-bromocamphor into a-campholenic acid is distinctly in favour of 
the former representation, according to which the change in question, 
although fundamental, would appear quite simple, as follows : 


CH,—C¢ CH, CH, ¢ CH, 
as) > | ae | 
CHBr*C(CH,)—CO CH(OH)-CH(CH,) HO-CO 
8-Bromocamphor. 
CH,*CH-CH,°CO,H 
O(CH,), 

CH=C(CH,) 

a-Campholenic acid. 

Moreover, although the plane formula I represents union to have 
occurred between two carbon atoms which appear to be at some 
distance from one another, it is possible that they are in reality 
comparatively close, in accordance with the tetrahedral conception of 
the combining power of carbon. This is illustrated by the following 
representation of bromonitrocamphane : 


Simultaneously with the publication of a preliminary notice of 
B-bromocamphor (Proc., 1901, 243, 245), Armstrong and Lowry 
recorded the properties of the same substance obtained by the action 
of heat on the camphorsulphonic bromide belonging to the Reychler 
series. These authors have converted B-bromocamphor by direct oxi- 
dation into B-bromocamphoric acid, and the investigation of the latter 
should make it possible to determine which, if either, of the two 
formule suggested in this paper correctly represents the constitution 
of B-bromocamphor. 

An examination of 8-bromocamphoroxime has already produced two 
observations of some interest. In the first place, the oxime does not yield 
the nitrile of an unsaturated acid when treated with hot dilute sulphuric 
acid, thereby differing completely from camphoroxime, which is con- 
verted into a-campholenonitrile. This again may be construed in 
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favour of the expression for f-bromocamphor corresponding with 
formula I for hydroxycaniphene, as it accords with the simplest 
possible explanation of the last-named reaction : 


OH,-CH-CH,ON 
O(CH,), 
CH=C(CH,) 


Cam phoroxime. a-Campholenonitrile. 


In the second place, although f-bromocamphor is hydrolysed to 
a-campholenic acid by alcoholic potash, this agent is without action 
on f-bromocamphoroxime, a result which seems to suggest that, in 
the change undergone so readily by 8-bromocamphor, disruption of 
the ring precedes replacement of bromine by hydroxyl, and the 
subsequent elimination of water. Indirectly, this also favours the 
formula for B-bromocamphor in which the bromine is represented as 
replacing hydrogen in the ring, because if substitution had occurred 
in a methyl group, it would be reasonable to expect the halogen to be 
more easily removed. 


EXPERIMENTAL. 


B-Bromocamphor, C,H, B<to? 


Twenty-five grams of 1-hydroxycamphene were dissolved in 400 c.c. 
of glacial acetic acid containing 25 grams of anhydrous sodium 
acetate. To the well cooled liquid were added in small quantities 26°5 
grams of bromine dissolved in 100 c.c. of glacial acetic acid; the 
colour of the halogen was immediately destroyed, and heat being 
developed, the temperature of the liquid was allowed to return to about 
20° before each addition of bromine. When the stated quantity had been 
added, the pale yellow liquid was poured into a large volume of cold 
water, which precipitated a colourless, crystalline substance. This 
was filtered, washed with water, and dried in the desiccator, when it 
weighed 38 grams. 

8-Bromocamphor dissolves very readily in warm petroleum, and 
after being recrystallised twice from this solvent, melts at 78°, the 
second crystallisation producing no change in the specific rotatory 
power, and a very slight increase only in the fusion temperature. If 
the substance, purified in this way, is then recrystallised from absolute 
alcohol, the melting point is lowered about 1°. 


0'2053 gave 0°1656 AgBr. Br=34°32. 


C,,H,,OBr requires Br = 34°63 per cent. 
VOL. LXXXI. 
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The substance dissolves very readily in chloroform, benzene, 
or glacial acetic acid, also in warm petroleum or hot alcohol, crystallising 
from the last solvent named in long, striated prisms ; when deposited 
slowly by petroleum, it crystallises in large, well formed, transparent 
prisms. It is readily volatile in steam, the vapour having a faint 
odour of camphor. 

A solution containing 0°5014 gram in 25 ¢.c. of chloroform at 20°, 
gave ap 39’ in a 2-dem. tube, whence the specific rotatory power 
[a] +16°2°; 05012 gram dissolved in 25 c.c. of absolute alcohol at 
20°, gave ap 46’ in the same tube, corresponding with [a], +19°1° 

8-Bromocamphor may be dissolved in fuming hydrobromic acid 
(sp. gr. 1°83) or in concentrated sulphuric acid without undergoing 
any chemical change or alteration of rotatory power. 

Conversion into Camphor.—Two grams of B-bromocamphor were 
dissolved in glacial acetic acid and treated with 5. grams of zinc 
dust. After remaining on the water-bath during 2 hours, the 
liquid was diluted with water, neutralised with sodium carbonate, and 
distilled in a current of steam. Camphor was deposited in the con- 
denser, and was converted into the oxime by the usual process; the 
product was crystallised from petroleum, which deposited the charac- 
teristic crystals melting at 118°. 

Conversion into af-Dibromocamphor.—Five grams of the new bromo- 
camphor were covered with one molecular proportion of bromine and 
heated on the water-bath, when evolution of hydrogen bromide soon 
occurred. When this gas was no longer liberated, the pale yellow 
liquid solidified almost immediately on being withdrawn from the water- 
bath. The product was washed with water, and recrystallised several 
times from alcohol, until the melting point was constant at 114°, when 
a mixture of the substance with aB-dibromocamphor melted at the 
same temperature; 1°0005 giam dissolved in 25 c.c. of chloroform at 
21° gave ap 8°4’ in a 2-dem. tube, whence the specific rotatory power 
[a]p +100°8°. 


Action of Alcoholic Potash on B-Bromocamphor. 


Twenty grams of recrystallised B-bromocamphor were dissolved in 
100 c.c. of alcohol which had been distilled from caustic soda ; 15 grams 
of caustic potash, dissolved in the minimum quantity of water, were 
then added to the liquid, which was heated in a reflux apparatus during 
8 hours. Alcohol was then removed by distillation, and a current of 
steam passed through the residual liquid, a preliminary experiment 
having shown that if an insufficient quantity of alkali has been em- 
ployed any bromocamphor remaining unchanged can be removed 
conveniently at this stage. The contents of the distilling flask were 
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then cooled, just acidified with dilute sulphuric acid, and extracted 
with ether, the extract being washed several times with water, dried 
with calcium chloride, and evaporated on the water-bath. The residue 
was then distilled, passing over completely at 256—257° under 767 mm. 
pressure ; 


0°1570 gave 04087 CO, and 0°1330 H,O. C=71:00; H=9-41. 
C,,H,,0, requires C= 71°43 ; H=9°52 per cent. 


The substance is slowly volatile in steam, and has a very faint odour ; 
it dissolves in sodium carbonate, forming a solution which immediately 
decolourises potassium permanganate, It has a sp. gr. 0°9974 at 20°/20°, 
and gives a, 16°40’ ina 2-dem. tube at 20°, whence the specific rotatory 
power [a], +8°34°. The product was thus identified with a-campho- 
lenic acid. 


8-Bromocamphoroxime, OH Brent. 

Ten grams of £-bromocamphor were dissolved in 50 c.c. of alcohol 
and heated with 5 grams of hydroxylamine hydrochloride and 5 grams 
of dry sodium acetate in a reflux apparatus during 2 hours; 3 grams 
of the hydrochloride and the same quantity of sodium acetate were 
then added, and the heating continued during 3 hours, a preliminary 


experiment having shown that conversion into the oxime is incomplete 
unless a considerable excess of the hydrochloride is employed. On 
pouring the liquid into twice its own volume of cold water, a crystalline 
precipitate was obtained ; this was filtered, washed, and recrystallised 
twice from hot alcohol, which deposited lustrous, rhomboidal plates 
melting at 156°: 


02566 gave 01944 AgBr. Br=32°23. 
C,)H,,ONBr requires Br = 32°52 per cent. 


The oxime is readily soluble in chloroform, benzene, or ethyl acetate, 
but dissolves very sparingly in hot petroleum, which deposits it in 
aggregates of rhomboidal plates. 

A solution containing 0°5017 gram in 25 c.c. of chloroform at 21° 
gave a, — 2°57’ in a 2-dem. tube, whence the specific rotatory power 
[aly —73°5°. 

8-Bromocamphoroxime dissolves in caustic alkalis and in 50 per cent. 
sulphuric acid ; it may be warmed with concentrated sulphuric acid 
without undergoing conversion into a nitrile. It is also indifferent to 
alcoholic potash, with which a specimen has been heated in a reflux 
apparatus during 4 hours without becoming hydrolysed. 

The benzoyl derivative is readily obtained by the Schotten-Baumann 
method. It is very readily soluble in hot alcohol, from which it 

T 2 
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separates in tufts of white needles. Warm petroleum dissolves it less 
readily, and it is scarcely soluble in the cold solvent, which deposits it 
in long, snow-white, silky needles melting at 71—73°. 


0°'2695 gave 0:1437 AgBr. Br=22°69. 
C,,H,,O,NBr requires Br = 22°86 per cent. 


The substance dissolves very readily in chloroform, ethyl acetate, 
or benzene. A solution containing 0°5040 gram in 25 c.c. of 
chloroform at 21° gave ap — 1°35’, whence the specific rotatory power 
[a]p —39°2°. 


B-Chlurocamphor, OHO Ae? 


Twenty grams of hydroxycamphene were dissolved in 400 c.c. of 
glacial acetic acid containing 20 grams of anhydrous sodium acetate. 
The liquid was immersed in cold water and treated with a solution of 
chlorine in glacial acetic acid, which was added in small quantities at a 
time until, after an interval, the halogen was found to be in slight ex- 
cess. As the precipitate obtained on pouring the liquid into a large 
volume of water weighed only 16 grams, the filtrate was neutralised 
with solid sodium carbonate, 6 grams more being obtained in this way ; 
the product was then recrystallised three times from alcohol. 


0°2064 gave 01565 AgCl. Cl=18°76. 
C,,H,,OCl requires Cl=19-03 per cent. 


The new chlorocamphor is very similar to the bromo-derivative in 
appearance and properties ; it melts, however, at 132°5°. It is readily 
soluble in chloroform, acetic acid, petroleum, benzene, or ethyl acetate, 
but dissolves less freely in alcohol, from which it crystallises in slender, 
striated prisms, sometimes exceeding an inch in length ; it is readily 
volatile in steam, and the vapour has a faint odour of camphor. 

A solution containing 0°5012 gram in 25 cc. of chloroform at 
21° gave ap 1°35’ in a 2-dem. tube, whence the specific rotatory power 
[a]p +39°5°; 05019 gram dissolved in 25 c.c. of absolute alcohol at 
19° gave a, 1°38’, corresponding to [a]p +40°7°. 


. H 
B-Chlorocamphoroxime, Of Oa: 


The oxime of B-chlorocamphor was obtained by the same process as 
the bromo-derivative, which it closely resembles in appearance and 
properties. It separates from alcohol in colourless crystals isomorphous 
with those of £-bromocamphoroxime, and melts at 134°. 


0°2412 gave 0°1662 AgCl. Cl=17:05. 
C,)H,,ONCI requires Cl= 17-62 per cent. 
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It dissolves very readily in chloroform, ethyl acetate, or benzene, 
but is sparingly soluble in boiling light petroleum, from which it 
crystallises on cooling. A solution containing 0°5015 gram dissolved 
in 25 ¢.c. chloroform at 21° gave ap — 2°20’ in a 2-dem. tube, whence 
the specific rotatory power [a], —58°1°. The benzoyl derivative was 
prepared by the Schotten-Baumann method ; it dissolves very readily 
in alcohol and in warm petroleum, crystallising from the latter in 
lustrous, silky needles, which begin to shrink about 70°, and melt at 
86°. 

A solution containing 0°5012 gram dissolved in 25 c.c. of chloro- 
form at 21° gave ay —1°9’ ina 2-dem. tube, whence the specific rotatory 
power [a], 28°7°. 


B-Chloro-a-bromocamphor, OHO 


Five grams of f-chlorocamphor were heated with 5 grams of 
bromine in an open flask on the water-bath, when, after a short 
interval, hydrogen bromide was evolved. Heating was continued 
until the gas was no longer liberated, the pale yellow liquid solidify- 
ing to a camphor-like mass on cooling; this was washed with water 
until free from acid, dried in the desiccator, and crystallised from a 
small quantity of boiling petroleum, in which it dissolves readily. 
After being recrystallised several times from this solvent, it was ob- 
tained in tabular aggregates of white prisms, melting at 101°. 


0°1445 gave 0:1790 AgCl+AgBr. Cl+Br=43:15, 
C,,H,,OCIBr requires Cl + Br = 43°50 per cent. 


The substance dissolves very readily in cold ethyl acetate, benzene, 
or chloroform ; also in hot alcohol, from which it crystallises in well- 
formed, oblong prisms. A solution containing 0°5021 gram in 25 c.c. 
of chloroform at 20° gave ay 5°5’ in a 2-dem. tube, whence the specific 
rotatory power [ a] +126°5°. 


Ethers of 1-Hydroxycamphene. 


Further evidence of the hydroxylic character of hydroxycamphene 
was obtained by converting it into ethers, the method which has been 
studied by Lander (Trans., 1900, '77, 729) having been found very 
suitable for this purpose. 

The methyl ether, C,)H,,*OCH,, was prepared by treating 15 grams 
of hydroxycamphene, dissolved in 45 grams of methyl iodide, with 35 
grams of dried silver oxide ; no apparent action took place in the cold, 
and the mixture was therefore heated in a reflux apparatus on the 


water-bath during 8 hours. The product was then filtered, and the 
residue washed several times with dry ether, which was afterwards 
removed by evaporation. The residual oil was heated with a further 
quantity of methyl jiodide (30 grams) and silver oxide (24 grams) 
during a period of 8 hours, and subsequently, after removing excess of 
methyl iodide and the ether employed in washing the silver residue, 
distilled under the ordinary pressure. 

The substance obtained in this manner is a colourless, limpid oil, 
readily volatile in steam, and having a pleasant odour. It boils at 
193—194° under 766 mm. pressure, has the sp. gr. 0°9314 at 20°/20°, 
and gives ap — 50°53’ in a 2-dem. tube at 20°, whence the specific 
rotatory power [a], —27°31°; a solution containing 0°5012 in 25 c.c. 
of benzene at 20 gave ap — 58’ in the same tube, corresponding with 
[a]p —24°5°. 


0°1621 gave 0°4743 CO, and 0°1531 H,O. C=79°80; H=10°50. 
C,,H,,0 requires C= 79°52; H=10°84 per cent. 


A solution of methoxycamphene in chloroform decolorises bromine 
immediately in the cold. 

The ethyl ether, C,,H,,-OC,H,, was obtained by the same process 
from hydroxycamphene and ethy! iodide; it boils at 203—204° under 
a pressure of 760 mm. 

An attempt to hydrolyse the substance with alcoholic potash was 
unsuccessful, a specimen which was heated with that agent during 
several hours in a reflux apparatus remaining unchanged. 

Bromine converts ethoxycamphene into f-bromocamphor. Five 
grams were dissolved in glacial acetic acid containing sodium acetate 
and treated with bromine in the same solvent; on pouring the liquid 
into water, a crystalline precipitate was obtained, and this, when 
recrystallised from petroleum, melted at 78°. 

An attempt to prepare the benzoyl derivative of hydroxycamphene 
by the action of benzoyl chloride (2 mols.) on the hydroxy-compound 
dissolved in pyridine (3 mols.) gave rise to a pale yellow, viscous oil, 
which did not crystallise. 


Roya CoLuEcE oF SciENCcE, LONDON. 
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RESOLUTION OF TRIMETHYLHYDRINDONIUM HYDROXIDE, 275 


XXVIII.—Resolution of Trimethylhydrindonium Hydr- 
oxide into its Optically Active Components. 


By Freperic STanitey Krprina. 


Many attempts have already been made to resolve hydrindamine into 
its optically active components by fractionally crystallising its salts 
with optically active acids; the results of such experiments have 
shown that, in the case of some acids, two partially racemic hydrind- 
amine salts are obtained in very unequal quantities (Trans., 1900, '77, 
861 ; Kipping and Hall, Trans., 1901, '79, 430), whilst in that of 
others only one such partially racemic compound is formed (Trans., 
1901, 79, 370 ; Kipping and Hall, Joc. cit., and Trans., 1901, '79, 446); 
in no case has it been found possible to obtain a salt which gives, on 
decomposition, an optically active base. 

Under these circumstances, it appeared interesting to study the 
behaviour of externally compensated trimethylhydrindonium hydroxide 
(Kipping and Hall, Trans., 1900, '77, 469). This base contains an 
asymmetric carbon group very similar to that present in hydrind- 
amine, 


CH. CH 
C.H.<o 70H, O.H.<67>CH, 
| | 
NMe,°OH NH, 
Trimethylhydrindonium hydroxide. Hydrindamine. 


and might therefore be expected to show much the same behaviour as 
the latter towards a given optically active acid. 

Experiments showed that this was not so; when trimethylhydrind- 
onium bromocamphorsulphonate is submitted to fractional crystal- 
lisation, it does not yield two partially racemic salts corresponding 
with the hydrindamine bromocamphorsulphonates, but is gradually 
resolved into the salts of the enantiomorphously related bases ; the salt 
of the dextrorotatory base which is finally isolated gives, on decom- 
position with potassium iodide, an optically active trimethylhydrind- 
onium iodide. The behaviour of the quaternary base, therefore, is 
perfectly normal. 

In attempting to account for the abnormal character of the hydrind- 
amine salts, it was suggested that the observed isomerism might be 
conditioned by the configuration of the quinquevalent nitrogen atom. 
Now since the trimethylhydrinddnium salts contain the group -NMe,X, 
which, as regards any possible isomerism of this kind, would seem to be 
identical with the group -NH,X, contained in the hydrindamine salts, 
it might be concluded that, on the resolution of the quaternary salt, 
such a view became untenable. This, however, is not a necessary or 


276 KIPPING: RESOLUTION OF TRIMETHYLHYDRINDONIUM 


even probable consequence of the new fact ; the bromocamphorsulphate 
of the externally compensated quaternary base may consist of four 
isomerides corresponding with those which, it has been suggested, are 
formed from externally compensated hydrindamine and bromocamphor- 
sulphonic acid, and the only difference in the two cases may be that in the 
former the four isomerides do not unite in pairs to give partially racemic 
salts ; on fractional crystallisation, therefore, under the conditions 
employed, the most sparingly soluble salt is isolated, leaving a 


mixture which would contain three other isomerides. It would be | 


useless at this stage to consider further the question of the isomerism of 


nitrogen compounds ; experiments which are in progress may throw 
some light on the subject. 


Ex PERIMENTAL. 


The racemic trimethylhydrindonium iodide (Kipping and Hall, 
Trans., 1900, '7'7, 470) which was required for this work, was prepared 
by digesting an aqueous alcoholic solution of hydrindamine hydro- 
chloride with methyl] iodide and excess of potash until the solution no 
longer gave a vapour alkaline to litmus; on cooling, most of the 
product separated in pale yellow crystals, and the portion remaining 
in the mother liquors was obtained by evaporating to dryness with 
dilute hydrochloric acid, extracting the residue with boiling alcohol, 
and then conceentrating the alcoholic extract. 


Trimethylhydrindonium Bromocamphorsulphonate, 
C,,H,,NO-SO,°C,,H,,BrO. 


On adding silver bromocamphorsulphonate, dissolved in aqueous 
alcohol, to a solution of trimethylhydrindonium iodide in the same 
solvent, a heavy precipitate of silver iodide is immediately formed ; 
after heating together molecular proportions of the two compounds for 
about 30 minutes under these conditions to complete the interaction, 
the filtrate, on evaporation, yields an almost colourless syrup which 
soon begins to crystallise when kept over sulphuric acid. 

The crude salt, when merely freed from oil with the aid of porous 
earthenwere, consists of an ill-defined, crystalline mass, and has no 
definite melting point, liquefying gradually between about 155° and 
165°; it is very readily soluble in water, alcohol, acetone, or 
chloroform, but only sparingly so in cold ethylic acetate. During 
damp weather, it liquefies or becomes pasty on exposure to the air. 

In dilute aqueous solution, the salt gives the normal rotation, that 
is to say, its molecular rotation is the same as that of bromocamphor- 
sulphonic acid. 


ne 
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0:25 gram dissolved in water, the solution diluted to 25 c.c. and 
examined in a 200 mm. tube, gave a +1°6’; hence [a]p +55° and 
[M]p +267°. 

A halogen determination was made with a sample dried over sul- 
phuric acid : 


0°2092 gave 0°0800 AgBr. Br=16:3. 
Calculated for C,.H,.NO,BrS. Br=16°5 per cent. 


Isolation of d-Trimethylhydrindonium Bromocamphorsulphonate.— 
The best way of carrying out the fractional crystallisation of the 
bromocamphorsulphonate is to dissolve the crude product in a small 
quantity of chloroform, and then heat on the water-bath until nearly 
all the chloroform has evaporated ; the salt is thus freed from traces of 
moisture and is left in the state of a syrup, which-is mixed with a 
considerable volume of warm, dry ethyl acetate; on cooling, crystal- 
lisation occurs and the salt separates in small, nodular aggregates or in 
the form of bulky masses of needles, the solution often setting to a 
paste which is difficult to filter. The deposit is separated, dissolved in 
dry chloroform, and the liquid treated as before. As these operations 
proceed, the melting point of the most sparingly soluble fraction 
gradually rises and becomes more sharply defined, until after some 
10—20 crystallisations a uniform product, namely, d-trimethyl- 
hydrindonium d-bromocamphorsulphonate, is obtained. The rise in 
melting point is accompanied by an increase in the specific rotation of 
the most sparingly soluble fraction in aqueous solution ; thus after 
four operations, the specific rotation was |a]p +60°5°; after ten, 
[a]p +67°4°; after sixteen, [a]) +71°3°. 

The mother liquors from the first operations give, on evaporation, 
deposits which can be easily crystallised from a mixture of chloroform 
and ethyl acetate, but the melting points of such deposits vary in a 
very irregular manner on recrystallisation, sometimes rising and some- 
times falling ; for this reason, further attempts to isolate the bromo- 
camphorsulphonate of the base were given up, and the mother liquors 
were directly employed for the preparation of the iodide of the /-base 
(p. 279). 

d-Trimethylhydrindonium d-bromocamphorsulphonate is obtained in 
long, slender needles or prisms when its solution in chloroform and 
ethyl acetate is slowly evaporated; it melts at 199—200°, decom- 
posing a little. It is very readily soluble in water, acetone, alcohol, 
or chloroform, but almost insoluble in dry ether or ethyl acetate, even 
on boiling. 

The specific rotation was determined in aqueous solution with three 


different preparations, of which II and III were successive crops of one 
sample, 
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I. 03445 gram dissolved in, and made up to 25 c.c. with, water, 
examined in a 200 mm. tube, gave a +1-97°; whence [a]p +71°5°. 

IL. 05088 gram under the same conditions ; a +2°83°; [a], +69°5°. 

III. 05040 gram under the same conditions ;a +2°78°; [a]p +69°0° 


The close agreement of the results obtained with II and III may 
be taken as evidence of the purity of the salt ; the rather higher value 
of that obtained with I is possibly due to the solution being more 
dilute, determinations in alcoholic solution having shown that the 
specific rotation is considerably greater in the latter, less dissociating, 
solvent. That the salt is a pure substance is also shown by its 
behaviour on decomposition with potassium iodide. 

Taking the mean of the above results, the molecular rotation of the 
salt is +340°, and that of the acid ion being +270°, the molecular 
rotation of the base ion would be +70°; this value agrees well with 
that calculated from the specific rotation of the iodide. 


d-Trimethylhydrindonium Iodide, C,,H,,NI. 


The iodide of the d-base is so much more readily soluble in water 
than that of the d/-base that it is not precipitated on mixing concen- 
trated aqueous solutions of d-trimethylhydrindonium bromocamphor- 
sulphonate and potassium iodide ; it is best, therefore, to isolate the 
salt by evaporating the mixed solutions to dryness and extracting the 
powdered residue with boiling chloroform, in which the quaternary 
iodide is readily soluble. 

It crystallises from water in long, highly lustrous, transparent 
needles, which, like the crystals of the racemic iodide, are anhydr- 
ous, but are quite different from the latter in crystallographic 
character, the racemic iodide forming compact, well-defined prisms. 
The salt of the active base decomposes at 190—191°, giving, doubtless, 
indene and trimethylamine hydriodide (Kipping and Hall, Trans., 1900, 
77, 467) ; on heating the optically active and racemic iodide simultan- 
eously, a difference in decomposing point of about 5° or 6° can be noticed, 
the racemic compound remaining unchanged until about 197—198°. 
The active iodide is readily soluble in hot water, alcohol, or chloroform, 
but practically insoluble in ether or ethyl acetate. 

That the salt just described, also the bromocamphorsulphonate of 
the d-base, are pure compounds, was proved by fractionally crystallising 
the iodide from warm water, and thus separating it into three portions ; 
the whole was obtained in long needles, free from crystals of the 
racemic iodide, which if present could be easily recognised, as was 
proved by crystallising a mixture of the two salts. 

As further proof of the purity of the iodide, the following deter- 
minations of the specific rotation of the first two fractions may serve : 
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I. 0°5333 gram dissolved in water and the solution diluted to 25 
c.c. gave on examination in a 200 mm. tube a +0°92°; whence 
[a]p +21°6°. 

IT. 0°3949 gram under the same conditions: a +0°70°; whence 
[a]o +22°2. 


Taking the specific rotation to be +21°9°, the molecular rotation is 
[M], +66-3°, a value which agrees well with that deduced from the 
molecular rotation of the bromocamphorsulphonate. 


Picrates of the Externally Compensated and d-Bases. 


The picrates of the optically inactive and of the active bases are 
only very sparingly soluble in cold water and are easily obtained from 
the iodides by precipitation. The racemic picrate crystallises in com- 
pact, yellow prisms which melt and decompose at about 188° ; the active 
compound is more readily soluble in both water and alcohol, from which 
it separates in long, very slender needles melting at about 167°; the 
differences between the picrates are therefore similar to those between 
the iodides. 


1-Trimethylhydrindonium Iodide. 


As the deposits of trimethylhydrindonium bromocamphorsulphonate 
remaining after separating some of the salt of the d-base were found 
to behave as if they were complex mixtures, and it did not seem 
possible to separate from them any other salt, the last mother liquors 
were evaporated and the residue treated with potassium iodide as 
already described; after separating the racemic iodide, which was 
precipitated in large quantities, the'mother liquors were evaporated 
to dryness and extracted with boiling chloroform. In this way, a 
salt, obviously the iodide of the /-base, was isolated without difficulty ; 
it crystallised from water in large, fern-like masses, and its aqueous 
solution was levorotatory. 


The author’s thanks are due to Mr. L. L. Lloyd for assistance in 
preparing some of the materials for this investigation. 
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’ XXIX.—The Action of Methylene Diiodide on Aryl- 
and Naphthyl-amines: Diarylmethylenediamines, 
Acridines, and Naphthacridines. 


By Atrrep Senrer and WILLIAM Goopwin. 


In a recent paper (Trans., 1901, '79, 254), we described two ethylene- 
diaryldiamines which resulted from the interaction of ethylene di- 
bromide and xylidine and y-cumidine respectively. At the same time, 
we mentioned that we had extended the reaction to the methylene 
series and had obtained well crystallisable compounds, Methylene 
diiodide was found to give better results than either the dibromide or 
dichloride. We now submit the results of further study of those 
compounds and of the reaction generally. It was expected that 
these derivatives would prove to be methylenediamines or, at least, 
to belong to one of the classes of compounds which are known to 
result from the action of ethylenedibromide on aniline. They might, 
for example, be methylenediamines, CH,(NHR’),, methyleneaniline 
homologues, CH,:NR’, methylenepiperazines, CH, <NE>CH,, or 
: , CH,°NR’':-CH, 
higher polymerides, NR’ : CH,-NR’’ 
with that of previous inquirers (Lermontoff, Ber., 1874, '7, 1252; 
Griinhagen, Annalen, 1890, 256, 219 and 285; Bischoff and Nast- 
vogel, Ber., 1890, 28, 2055). 

Parallel with the reaction of arylamines and methylene diiodide is 
the corresponding reaction between arylamines and formaldehyde or 
methylene oxide, CH,:O0. The experiments of Pratesi (Gazzetta, 1884, 
14, 351), Tollens (Ber., 1884, 17, 653), Wellington and Tollens (Ber., 
1885, 18, 3298), Eberhardt and Welter (Ber., 1894, 27, 1804), and 
Grassi-Cristaldi and Schiavo-Leni (Gazzetta, 1900, 30, ii, 112) with 
this latter reaction led to the discovery of the diamines and isomeric 
methylenearylamines previously referred to. The diamines were also 
shown to give rise by metastatic change to a series of methylene 
benzidenes. Methylenediphenyldiamine, CH,(NHPh),, for example, 
giving diaminodiphenylmethane, CH,(C,H,NH,),. 

The study of these reactions by the investigators mentioned, evi- 
dently conducted with the greatest care, has led to very contradictory 
results. The physical characters of the compounds described under 
the same name differ enormously, and the analytical data are far 
from satisfactory (compare Bischoff and Nastvogel). Working with 
aniline and the toluidines, our experience has been the same. This 
is due, no doubt, partly to the proved instability of the compounds 


This view is in agreement 
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formed, and partly to their number and the difficulty of separating 
them. With the increase in the number of alkyl groups, as in the 
case of xylidine and y-cumidine, the reaction becomes more definite, 
and with methylene di-iodide assumes a new character. With 
y-cumidine, beautiful, yellow crystals are obtained, easily recrystal- 
lised or sublimed, and in this way readily obtained of a constant 
and definite melting point. Elementary analysis proved that it was 
not a member of any of the classes of compounds alluded to above. 
It gave C=86°8, H=8'41, N=5°42 per cent., whereas methylene- 
dicumyldiamine or its isomerides would require C=80°85, H=9:22, 
N=9°93 per cent., and methylenecumidine or its isomerides would 
require C = 81°63, H = 8°84, N=9°52 per cent. The relative proportion 
of nitrogen found pointed toa condensation reaction whereby ammonia 
or a derivative was evolved. This view found confirmation in the fact 
that the odour of ammonia was observed during the course of the re- 
action, and also that a notable quantity of ammonium iodide collected in 
the tube of the reflux condenser employed in the experiment. The solu- 
tions of the compound exhibited a marked and very beautiful fluor- 
escence, and this, together with the high melting point, 221—222°, 
also indicated condensation. 

Consideration of the paper by Friedel and Crafts (Ann. Chim. Phys., 
1887, [vi], 11, 263) led to the hypothesis that the compound was an 
anthramine from which an amino-group had split off. These investi- 
gators found that benzene and methylene dichloride condensed to 
anthracene in presence of aluminium chloride thus : 


OH. 
20,H, + 2CH,Cl, =0,H,< bq CoH, + 2HCl + H,. 


The hydrogen formed, acting on an excess of methylene di- 
chloride, gave, by a secondary reaction, methyl chloride. To make 
certain of the right conditions, we repeated this experiment and 
obtained anthracene. Cumidine was substituted for benzene and the 
experiment repeated, but no reaction appeared to take place, and when 
methylene diiodide replaced the dichloride in the last experiment, the 
yellow, crystalline compound was obtained, but only to the same extent as 
in the absence of the aluminium chloride. We next modified the hypo- 
thesis by supposing condensation to take place at the position of the 
liberated nitrogen group. In this way, an acridine might be formed, 
thus: 


20,H,Me,NH, + CH,I, = C,HMe, _ C,HMe, + NH,I+ HI+H,. 
The odour of methyl! iodide was always noticed, which would explain 


what becomes of the hydrogen written as free in the equation as in 
the reaction of Friedel and Crafts. Such a hexamethylacridine would 
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require C = 86°61,,H=8:06, N=5°33 per cent., which is in agreement 
with the experimental numbers. A vapour density determination, using 
boiling sulphur, was found to be possible by Victor Meyer’s method : 


01303 gaye 11°8 c.c. at 18° and 767°5 mm. Density =130. 
C,,H,,N requires density =131°5. 


Further evidence in favour of this view was found in the experiments 
of Bernthsen and Bender (Ber., 1883, 16, 1802), who prepared acridine 
from diphenylamine and formic acid, for dicumylamine might well 
result from cumidine and hydriodic acid, and formic acid is hydroxy- 
methylene oxide. Similar analogies were found in the work of Méhlau 
(Ber., 1886, 19, 2451). 

Any doubt, however, that might remain as to the y-cumidine com- 
pound being hexamethylacridine was set at rest by the extension of the 
reaction to the a- and B-naphthylamines. These bases were found to 
react with methylene diiodide in precisely the same manner as y-cumid- 
ine. The same odour of ammonia and of methyl iodide was noticed, 
and the same condensation of ammonium iodide in the reflux condenser 
tube. From each of the naphthylamines we obtained yellow crystals 
with well-defined melting points, and their solutions exhibited the 
characteristic, well-marked fluorescence. On analysis, the numbers 
obtained agreed with those of naphthacridine. Finally, the B-compound 
was identified by its melting point and other characters with, B-naphth- 
acridine discovered by Reed (J. pr. Chem., [ii], 1886, 34, 160; 1887, 
35, 298) asa result of the action of methylal or of formaldehyde on 
B-naphthylamine. This base has also been studied in an interesting 
paper by Morgan (Trans., 1898, '73, 536). In a preliminary communi- 
cation (Proc., 1898, 14, 132), Morgan announced that the result of 
experiments on a-naphthylamine would be published later. Meanwhile, 
we have obtained a-naphthacridine by the methylene diiodide reaction. 

We find, then, that methylene diiodide yields methylene diamines 
with aniline, as originally stated by Lermontoff, also with xylidine and 
probably with the three toluidines. With y-cumidine, however, and 
with both a- and #-naphthylamines, condensation takes place with the 
formation of acridines. The acridines do not react with phenyl carb- 
imide forming ureas, but the methylenediamines do so in the same 
manner as their ethylene homologues (Trans., 1901, '79, 258), at least 
so far as we have been able to complete their investigation. 

The further study of a-naphthacridine and of hexamethylacridine we 
desire to reserve for another communication, 
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Diarylmethylenediamines. 
Diphenylmethylenediamine, CH,(NHPh),. 


Methylene diiodide and aniline, in equal molecular proportions, were 
brought together with an excess of dry potassium carbonate in a flask 
fitted with a reflux condenser. The flask was placed in a paraffin-bath 
which was heated gradually to about 150°, when a violent reaction soon 
took place. The flask was then removed from the bath until this 
moderated, when it was replaced and the heating continued for 4 hours. 
After cooling, the residue in the flask was treated with hot water to 
remove potassium salts. The dark red, semi-solid mass remaining was 
freed from aniline by distillation with steam. The resulting mass 
solidified on cooling, and, when reduced to powder, was of a dark yellow 
colour. It melted at 65—67°. After boiling with alcohol, the melting 
point rose to 140°. Diphenylmethylenediamine, described by Eberhardt 
and Welter, melted at 64—65°, and by boiling with alcohol it was 
changed into methyleneaniline which melts at 139°. On analysis: 


0°2502 gave 0°7148 CO, and 0°1590 H,O. C=77:92; H=7-06. 
C,,H,,N, requires C=78°75 ; H=7°07 per cent. 


Diphenylmethylenediamine Platinichloride, CH,(NHPh),,H,PtCl,, 
separated as an olive-green precipitate on the addition of a solution of 
platinic chloride to the base dissolved in dilute hydrochloric acid. The 
salt was washed with water and dried in a vacuum over sulphuric acid. 
On analysis : 

02318 gave 0°0736 Pt. Pt=31°75. 

C,,H,,N,,H,PtCl, requires Pt = 32°06 per cent. 

Dicarbanilidodiphenylmethylenediamine, CH,(NPh:CO*-NHPh),, was 
obtained by treating the base with phenylcarbimide in the manner 
described by us (Trans., 1901, '79, 258). The closed tube was heated 
at 120—124° for 3 to 4 hours. The residue was washed with dry 


ether and recrystallised from glacial acetic acid. The melting point is 
not definite. On analysis: 


0'2750 gave 0°7397 CO, and 0°:1668 H,O. C=73°35; H=6°74. 
C,,H,,N,0, reqvires C= 74:31 ; H=5-50 per cent. 


Ditolylmethylenediamines, CH,(NH*C,H,Me),. 


Methylene diiodide (1 mol.) with toluidine (2 mols.), together with 
potassium carbonate, were heated in the manner described for the 
phenyl-homologue and the subsequent procedure was the same, except 
that the distillation with steam was omitted. The o-tolyl derivative, 
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probably di-o-tolylmethylenediamine, crystallised from alcohol in large, 
colourless, foliate crystals. After repeated recrystallisation, these 
melted at 156—157°. On analysis : 


0°2888 gave 0°8374 CO, and 02124 H,O. C=79°08; H=8'17. 
0°3550 ,, 38 c.c. moist nitrogen at 16° and 7565 mm. N=12°41. 
C,;H,,.N. requires C = 79°64; H=7:96; N=12°39 per cent. 


From o-toluidine and methylene chloride, Griinhagen obtained two 
bases ; one was a liquid and the other melted at 135°. Using form- 
aldehyde, Eberhardt and Welter prepared a base which melted at 52°. 
The p-tolyl derivative, probably di-p-tolylmethylenediamine, was ob- 
tained in small, pale yellow crystals from solution in a mixture of 
alcohol and chloroform. After several recrystallisations, it melted at 
149—150°. On analysis : 


0°2562 gave 0°7456 CO, and 0:1800 H,O. C=79°37; H=78. 
01630 ,, 04776 CO, ,, 01168 H,O. C=79-91; H=7:96. 
C,,H,.N, requires C= 79°64; H=7-96 per cent. 


We were not successful in isolating a m-tolyl derivative in a definite 
form. Yellow, amorphous compounds were obtained in two experi- 
ments. The one melted at 78°, the other at 160°. 


Diaylylmethylenediamine, CH,(NH:C,H,Me,),. 


Methylene diiodide (1 mol.) and xylidine (2 mols.) were treated in 
the same manner as in the corresponding reaction with the toluidines. 
The base, recrystallised several times from rectified spirit, consisted of 
pale yellow, large, foliate crystals, and melted at 127—128°. On 
analysis : 


0°2592 gave 0°7576 CO, and 02140 H,O. C=79°71; H=9°17. 
0°3743 ,, 35°2c.c. moist nitrogen at 13°and 767 mm. N=11°21. 
C,,H,.N, requires C= 80°31; H=8-67 ; N=11°02 per cent. 


Dizylylmethylenediamine Platinichloride, 
CH,(NH:C,H,Me,),,H,PtCl,, 
was precipitated when an alcoholic solution of platinic chloride was 
added to an alcoholic solution of the base acidified with hydrochloric 
acid. The precipitate, of a golden-yellow colour, was dried at 100°. 
On analysis: 


0:2076 gave 0:0620 Pt. Pt=29°86. 
C,,H,.N. requires Pt = 29°36 per cent. 


Nitro-derivatives of dixylylmethylenediamine are produced readily 
by direct nitration. Two experiments were made, but the products 
were evidently mixtures. One contained N=11°5 and the other 
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N=12°7 per cent. A mononitro-derivative requires N=9'82 and a 
dinitro- N = 16-28 per cent. ; 
Dicarbanilidocarbanilidodixylylmethylenediamine, 
CH,{N(C,H,Me,)*CO-NPh:CO*NHPh],. 

—When an excess of phenylcarbimide reacts with dixylylmethylenedi- 
amine, a urea derivative is formed from 4 molecules of the carbimide 
instead of 2 molecules, as in other cases. The reaction described 
(Trans., 1901, '79, 258) may be supposed to occur twice in each amino- 
group of the diamine. This reaction is, indeed, only an extension of 
Wohler’s urea synthesis, for it may be assumed that a methylene- 
diammonium dicyanate is first formed, which metastasises to urea. An 
excess of phenyl carbimide was heated in a closed tube with the base 
at 150° for 6 hours ; the contents of the tube, freed from excess of 
phenylcarbimide by evaporation, consisted of a yellowish-white sub- 
stance resembling in appearance imperfectly bleached beeswax, this 
was washed with dry ether, which effected no apparent change. 
When rubbed in a mortar with successive small quantities of alcohol, 
there was left a hard, white residue, which was dissolved in more 
alcohol, and was recrystallised several times from that medium. Well- 
formed, colourless needles were thus obtained which melt at 203°. 
On analysis : 


0°2766 gave 0°7438 CO, and 0:1470 H,O. C=73°33; H=5°9. 
0°2978 ,, 28:1c.c. moist.nitrogen at 10°and 754mm. N=11°-21. 
C,,H,.N,O, requires C= 73°97 ; H=5°75 ; N=11°5 per cent. 


CH 
Hexamethylacridine, C,HMe,<)_>C,HMe,. 


The constitution of this hexamethylacridine we reserve for further 
investigation. If, however, it be supposed that the positions of con- 
densation are neighbouring to the amino-groups, the positions of the 
methyl groups are 1:2:4 and 5:6:8, y-Cumidine, which melted at 
67° (2 mols.), with methylene diiodide (1 mol.), and an excess of pot- 
assium carbonate were taken. ‘The cumidine and potassium carbonate 
were melted together and then brought into a flask fitted with a reflux 
condenser, to which the weighed amount of methylene diiodide was 
then added ; the flask and its contents were heated in a paraffin bath 
until a temperature of about 160° was reached, when an energetic re- 
action took place ; the flask was removed from the bath until the 
Violence had subsided, when it was replaced and the temperature con- 
tinued at 150—160° for about 6 hours. The formation of a sublimate 
in the tube of the condenser continued during the course of the reac- 
tion, and its ceasing to form was an indication that the heating had 
been sufficiently prolonged. This method was found to give better 
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results than when the diiodide was added in small quantities at a 
time. No advantage, either, was found in omitting the alkali and 
treating the product afterwards with potassium hydroxide. The con- 
tents of the flask were then treated with hot water to remove potassium 
salts, when there remained a yellow, crystalline mass; after being 
washed with dilute alcohol, this assumed a greenish-yellow colour. It 
was next dissolved and recrystallised from alcohol or, in some cases, 
from acetone or light petroleum, when extremely fine, yellow crystals, 
usually needles, were obtained. These crystals are slightly soluble in 
alcohol or ether and more soluble in acetone, chloroform, benzene, 
or light petroleum. They are insoluble in water. All the solutions 
exhibit a beautiful, green fluorescence. Purified by repeated recrys- 
tallisation or sublimation, the compound melts at 221—222°, and 
sublimes easily without decomposition. On analysis: 


0:2406 gave 0°7658 CO, and 0°1823 H,O. C=86:80; H=8-41. 
02622 ,, 0:8290CO, ,, 01992 H,O. C=86:23; H=8-44. 
02454 ,, 0°7756 CO, ,, 01770 H,O. C=86:20; H=8-01. 
03430 ,, 16 c.c. moist nitrogen at 15° and 755°5 mm. N=5-42. 
C,,H.,N requires C = 86°69; H=7:98 ; N=5-32 per cent. 


Using methylere dibromide instead of diiodide, the acridine was 
obtained, but the yield was much less. With methylene dichloride, 
no acridine was formed. In the latter experiment, a marked odour 
of an isonitrile was noticed. 

Hevamethylacridine Picrate, CHMe,<Gy >0,HMe,,C,H,(NO,),"0H, 
was prepared by adding an alcoholic solution of picric acid to an 
alcoholic solution of the base, heating to boiling, and allowing to stand. 
Very fine, brown, plume-like crystals separated. These were collected 
on a filter and washed with a small quantity of alcohol and again 
with dilute alcohol and dried at 110°. They melted, not very sharply, 
at 200—202°. On analysis: 


0°3090 gave 30°5 c.c. moist nitrogen at 18° and 752°5 mm. N=11-27. 
C,,H,,N,C,H,(NO,),0H requires N = 11°38 per cent. 


Dinitrohexamethylacridine, C4(NO,) Meg >C,(NO,)Me,, was pro- 


duced by treating the base with concentrated nitric acid, boiling well, 
and pouring the solution into water; the yellow precipitate was 
collected on a filter, well washed with water and dried on a porous 
plate. It melted at 85—87°. It was dried in an exhausted desiccator 
over sulphuric acid, and on analysis : 


0:2064 gave 20°3 c.c. moist nitrogen at 18° and 761 mm. N =11°37. 
C,yH,o(NO,).N requires N = 11-89 per cent. 
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C Br. ‘ 
Tribromohexamethylacridine, O,BrMes< : >C, BrMe,, was obtained 


by exposing the base to the action of bromine vapour for 3 days 
in a covered vessel. The product was heated on a water-bath to 
remove excess of bromine and then allowed to stand in a desiccator 
over solid potassium hydroxide for 2 days. Finally, the red compound 
was heated in an air-bath at 105°. On analysis by Carius’s method : 


0°3116 gave 0°3466 AgBr. Br=47°33. 
C,9H,,Br,N requires Br = 47-98 per cent. 


CH 
Hexamethylacridine Nitrate, C,HMe,< >C,HMe,,HNO,, was 


formed by adding dilute nitric acid to an alcoholic solution of the 
base, warming for a short time on a water-bath, and then setting aside 
to crystallise. On standing, the solution, which had a deep orange 
colour, deposited bright scarlet needles. An attempt was made to 
further purify the compound by recrystallisation from dilute alcohol, 
but this treatment was found to decompose the salt regenerating the 
original base. The needles were washed with a little alcohol only and 
partly dried by pressing between filter-paper. Finally, they were 
dried at 100° and left over sulphuric acid in a desiccator. They melted 
with decomposition at 163—164°. On analysis: 


0°3356 gave 25:1 c.c. moist nitrogen at 14° and 770 mm. N=8°92. 
C,,H,,N,HNO, requires N = 8°59 per cent. 
Hexamethylacridine Platinichloride, 
H 
(C.HMe<X >i Me,),H,PUl, 


separated in the form of scarlet needles on the addition of a solution of 
platinic chloride to a solution of the base in dilute hydrochloric acid. 
Like acridine salts generally, it is decomposed by treatment with water 
or boiling with alcohol. On analysis : 
0:0577 gave 0°0118 Pt. Pt=20°45. 
(C,,H,,N),.,H,PtCl, requires Pt = 20°82 per cent. 


Hexamethylacridine Aurichloride, CHMe<te >C,HMe,,HAuCl,, 


was obtained in a similar manner to the platinichloride. It is yellow, 
and on analysis : 
0:1110 gave 0°0358 Au. Au=32°25. 
(C,,H,,N)HAuCl, requires Au= 32-70 per cent. 


Hexamethylacridine Mercurichloride, Cc, HM <n >C,HMe,,HgCl.,. 


—An alcoholic solution of the base acidified with hydrochloric acid was 
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mixed with an alcoholic solution of mercuric chloride and the mixture 
allowed to stand. Dark red, glistening needles with a characteristic 
yellow lustre separated. On analysis: 


03076 gave 01272 HgS. Hg=35°65. 
(C,,H,,N)HgCl, requires Hg = 35:11 per cent. 


Hexamethylacridine Dichromate, CHM <te >C,HMe,,H.Cr,0,, 


was formed on the addition of a solution of potassium dichromate to a 
solution of the base in hydrochloric acid. It consists of deep red 
crystals which were washed rapidly and dried at 100°. On analysis: 
0°6536 gave 0:1378 Cr,0O,. Cr=14°44. 
(C,,H,,N)H,Cr,0, requires Cr = 14-00 per cent. 

Other salts examined were the sulphate, forming dark red crystals, 
which do not melt below 285°; the hydrochloride, red crystals which 
decompose on heating, and the nitrite, a pale yellow powder obtained by 
adding potassium nitrite to a solution of the base in glacial acetic acid. 
The nitrite decomposes on heating. 

An ethylhexamethylacridinium iodide was also prepared but not 
further examined. The base was heated with excess of ethyl iodide 
in a closed tube for 4 hours. It consists of bronze-coloured crystals 
which, after drying on a porous plate, melted at 214—215°. 


N a phthacridines, Cy <> (CoH) 
a-Naphthacridine. 

a-Naphthylamine (2 mols.), methylene diiodide (1 mol.), and an excess 
of potassium carbonate were treated exactly as in the case of the corre- 
sponding cumidine experiment. The contents of the flask were washed 
with water, then with a small proportion of alcohol, after which the 
residue was dissolved in and recrystallised from alcohol. More than 
one compound appeared to be formed, and the acridine was best separ- 
ated by sublimation and subsequent recrystallisation from alcohol. 
It consists of pale yellow crystals which melt at 173°. The colour 
becomes darker on exposure to light. It is soluble in chloroform, 
ether, acetone, benzene, or light petroleum. The fluorescence exhib- 
ited by its solutions is very noticeable. In solution in benzene, it is 
red-green, in the other solvents it is violet or blue. On analysis : 

0:1532 gave 0°5040 CO, and 0:0707 H,O. -C=89°72; H=5:12. 

01783 ,, 76 c.c. moist nitrogen at 9° and 764mm. N=5'15. 

©,,H,,N requires C = 90°32 ; H= 4:66; N=5-02 per cent. 

The following are the only derivatives obtained so far, but the work 

is being continued. 
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Mononitro-a-naphthacridine, C,,H,,(NO,)N, was precipitated when the 
base was warmed with concentrated nitric acid and the mixture thrown 
into water. After washing and drying, first on a porous plate and 
then in an exhausted desiccator over sulphuric acid, it melted at 
105—107°. On analysis : 

0:3248 gave 248 c.c. moist nitrogen at 16° and 767°5 mm. N=8°85. 

C,,H,.(NO,)N requires N = 8°64 per cent. 

A second nitro-derivative was prepared which, after recrystallisation 

from alcohol and drying, melted at 185°, but was not further examined. 


CH 
(a)-Waphthacridine Platinichloride,O,,H,<¢__>C,oH,H,Pt0l,,2H,0, 
was obtained in the form of small, deep yellow crystals on allowing a 
mixture of alcoholic solutions of the base and platinic chloride, acid- 
ulated with hydrochloric acid, to stand. They could not be subjected 
to 100° without decomposition. Dried over sulphuric acid and analysed : 
0°1676 gave 0°0322 Pt. Pt=19°2. 
(C,,H,,N).,H,PtCl,,2H,O requires Pt = 19°41 per cent. 


a ll CH 
a-Naphthacridine Piorate, OH;<h__>C,)H,,C,H,(NO,),"OH, was 


formed by mixing alcoholic solutions of the base and picrice acid. It 
separated in the form of scarlet needles. These were washed with a 


little alcohol and dried by pressing between filter paper, and after- 
wards by leaving them in an exhausted desiccator over sulphuric acid. 
It melts at 176—178°. Onanalysis : 
0°2312 gave 21 c.c. moist nitrogen at 10°and771°5 mm. N=11°03. 
C,,H,,N,C,H,(NO,),0H requires N =11-02 per cent, 


B-Naphthacridine. 


The process adopted for the preparation of a-naphthacridine yields 
its B-isomeride with greater readiness and in better yield. After 
sublimation and recrystallisation from alcohol, it consists of pale 
yellow needles which darken on exposure to light. It melts at 215°5°. 
It is soluble in chloroform, ether, benzene, or light petroleum, and 
sparingly so in alcohol ; the solutions exhibit the characteristic blue 
fluorescence. On analysis : 


0°1882 gave 0°6172 CO, and 0°0858 H,O. C=89°44; H=5-06. 

01990 ,, 0654000, ,, 0°0916 H,O. C=89°63; H=65'l1l. 

04260 ,, 17°8c.c. moist nitrogen at 13° and 776 mm. N=5-05. 

C,,H,,N requires C = 90°32 ; H=4°66 ; N=5-02 per cent. 

The compound is identical with the {-naphthacridine discovered by 
Reed, who gives its melting point as 216°. We obtained the followin 
derivative, which has not been previously described, 
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B-Naphthacridine Platinichloride, 
ca 
(CoH, A> 00H, )pH,PtCl,.2H,0, 


precipitated as a golden-yellow powder on the addition of alcoholic 
solution of ‘platinic chloride to an alcoholic solution of the base 
acidified with hydrochloric acid. Dried over sulphuric acid and 
analysed : 


0°1396 gave 0°027 Pt. Pt=19°34. 
(C,,H,,N),,H,PtCl,,2H,O requires Pt = 19°41 per cent, 


QuEEN’s COLLEGE. 
GALWAY. 


XXX. —The Polymerisation of Cyanie Acid: Cyanuric 
— Acid, and Cyamelide. 


By Atrrep Senrer and THomas WALSH. 


WHEN liquid cyanic acid is allowed to polymerise at 0°, or just above 
that temperature, it changes, as is well known, into a snow-white 
solid, the “insoluble cyanuric acid” or cyamelide of Liebig and 
Wihler (Ann. Phys, Chem., 1830, 20, 384). This solid is not, how- 
ever, cyamelide only, as is generally supposed, but a mixture of the 
two isomerides, cyamelide and cyanuric acid. The*two compounds 
are readily separated by treatment with water, in which cyamelide is 
very sparingly soluble. Having prepared, in this way, cyamelide in a 
state of purity not hitherto described, we made determinations of its 
solubility and compared it with the solubility of cyanuric acid. We 
also made numerous attempts to cause it to enter into reaction with 
other compounds. The results, although negative, are in some in- 
stances interesting as bearing on the theory of its constitution. 
Polymerisation of Cyanic Acid.—The liquid cyanic acid employed 
was prepared by distilling dry cyanuric acid in an apparatus made of 
hard glass tubing similar to that used by von Baeyer (Annalen, 1860, 
114, 165). The horizontal sealed end of the tube containing the 
cyanuric acid was heated in a short Hofmann combustion furnace, and 
so arranged that the hend leading to the U-shaped condenser portion 
was kept hot by the furnace. The condenser was kept at a tempera- 
ture a few degrees below 0°. Liquid cyanuric acid, which was always 
slightly turbid, collected. Whenthe temperature was allowed to rise 
to 0°, the liquid changed into a white solid. The polymerisation became 
violent and was accompanied by loud reports when a higher tempera- 
ture was employed. 0°839 gram of this white solid, which had been 
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obtained from some cyanic acid almost free from turbidity, was finely 
powdered and treated with excess of hot water. The insoluble residue, 
after drying, weighed 0253 gram and was about 30 per cent. of the 
substance taken. The washings on evaporation yielded crystals of 
cyanuric acid which gave the characteristic pink ammonio-cupric salt 
of Wohler. 

Solubility of Cyamelide and of Cyanuric Acid.—Some of the less 
soluble portions of the mixed polymerides were placed in a wash-bottle 
made of a large test-tube ; boiling water was added and the contents 
were agitated for 2 hours by a current of air; the apparatus was 
then placed for 12 hours in water kept at about 15°; afterwards 
the contents were again agitated for an hour and the proportion of 
solid in solution was determined. As the result of numerous experi- 
ments, it was found that the percentage of solid dissolved decreased 
after each successive treatment with water in the case of every speci- 
men examined, until it attained to from 0°008 to 0°01 per cent., when 
it became constant. The residues from the washings until the solu- 
bilities mentioned were attained responded in all cases to Wéohler’s 
test for cyanuric acid, but after that point was reached the residues 
ceased to give that reaction. The solubility of cyamelide in water 
may therefore be taken as 0°01 per cent. at 15°. Determined in the 
same manner, as the result of very many experiments, we find the 
solubility of cyanuric acid to be from 0°145 to 0°160 per cent. at 15° 
(compare Lemoult, Compt. rend., 1895, 121, 351). A specimen of 
cyamelide having the solubility mentioned was submitted to ele- 
mentary analysis : 

0'2762 gave 0°2845 CO, and 0:0678 H,O. C=28-09; H=2-72. 

(CONH), requires C = 27°9; H =2-32 per cent. 


Further Experiments with Cyamelide.—Cyamelide was treated with 
phosphorus pentachloride, but without any change occurring. Cyan- 
uric acid yields, under the same circumstances, cyanuric chloride, and 
this was verified by an experiment. It was suggested by Klason 
(J. pr. Chem., 1885, [ii], 38, 129) that cyamelide is isocyanuric acid 
related to the isocyanuric esters, just as cyanuric acid is related to 
the normal cyanuric esters. It is interesting, therefore, as evidence 
of this view that as the normal esters and normal cyanuric acid ° 
yield a chloride with phosphorus pentachloride, so the iso-esters, and 
now it is proved cyamelide, do not do so. 

Attempts were made to prepare silver, bromine, and other deriva- 
tives, but they were not successful, 
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XXXI.—Magnetic Rotation of Ring Compounds. Cam- 
phor, Limonene, Carvene, Pinene, and some of their 
Derwatives. 


By W. H. Perx1y, sen., Ph.D., F.R.S. 


Durine the course of my experiments on the magnetic rotation of sub- 
stances belonging to the aliphatic and aromatic series, very remarkable 
differences have been observed in the values obtained for the two 
series of compounds, but there is a class of substances which are, in a 
sense, intermediate between the two series, namely, saturated closed 
chain compounds, such as the derivatives of tri-, tetra-, penta-, and 
hexa-methylene ; these have also received a certain amount of atten- 
tion, but unfortunately the number of such compounds available has 
been small. A comparison of the results obtained in the examination 
of the latter with those of the aliphatic and aromatic series led me to 
include in my investigations some of the members of the camphor and 
terpene series and their derivatives, not only on account of the great 
interest which always attaches to these important products, but also 
on account of their relationship to the saturated closed chain com- 
pounds mentioned above. 

In previous papers on the magnetic rotation of substances belonging 
to the aliphatic series, it has been repeatedly pointed out that un- 
saturated members of ‘this series differ from the corresponding 
saturated compounds by a number which varies between 0-7 and about 
1-112, according to the class of compound. This will be seen from the 
following table : 


Diff. for 
unsaturation. 

Octylene............ CH,°CH:CH-(CH,],°CHg...... 9°435 } +0°743 
ene OBE TOR 1 Os nevesccesnovees 8692 
Aliylacetic acid... CH,:-CH*CH,°CH,°CO,H.. ... 6°426 } +0913 
Valeric acid ...... CH,°CH,°CH,°CH,°CO,H ... 5°513 
Allyl alcohol ...... CH,:CH-CH,"OH..........00+. 4-682 +0914 
Propyl alcohol ... CH,°CH,°CH,°OH ............ 3°768 
Ethyl! crotonate... CH,*CH:CH-00,0,H, ......... 7589 } 41112 
Ethyl butyrate... CH,-CH,:CH,*00,0,H, ...... 6-477 


In the case of the hydrocarbons, the value for unsaturation is the 
lowest, and the average for all the hydrocarbons of this class which 
have been examined is 0°720 (Trans., 1895, 67, 261), whilst the 
highest number is obtained in the case of the carboxylic esters, and is, 
on the average, 1°112. 

That this large plus difference is due to the formation, from the 


be 


a 
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saturated aliphatic substance, of a new class which we call unsaturated, 
and not merely to the removal of two atoms of hydrogen, is obvious, 
since the value of two hydrogen atoms has been shown to be +0°508, 
and their removal would therefore reduce the rotation. 

The next point to be considered is that closed carbon chains have a 
lower rotation than the corresponding open chain compounds, from 
which they differ by two atoms of hydrogen. This will be clear from 
a comparison of the magnetic rotation values of certain closed chain 
compounds with those of the corresponding open chain aliphatic com- 
pounds containing two atoms of hydrogen more : 


ORE BOER sinccctacocconssoncinetesutsecess O,H,O0, ... 4°472 } _ 0331 
Trimethylenecarboxylic acid* ......... C,H,O, ... 4°141 
Valeric acid ............... seeeteeeeeeeneens C;H,,0,... 5°513 } _ 0-465 
Tetramethylenecarboxylic acidf......... C;H,O, ... 5°048 
Hexoic acid sereseensaeeeasersueesteegunee ces O,H,,0,... son? _ 0°639 
Pentamethylenecarboxylic acidt ...... C,H,,0,... 5°891 
QUGTED GEE. ccrsiccececsccncesecsoseconsesess C,H,,0,... 8°580 } ~ 0605 
Methylhexamethylenecarboxylic acid§ C,H,,0,... 7°975 


In this connection, it will be convenient to consider the irregularities 
of these differences, which in the above table vary from about 
0'33—0°64. This peculiarity has hitherto been an enigma, but care- 
ful study of the subject seems to show that this apparent anomalous 
behaviour is due to the comparison having been made between wrong 
members of the two series. 

The study of the magnetic rotation of the aliphatic compounds has 
shown that the first two members of a series do not follow the same 
rule as the succeeding ones. In the carboxylic acids, for instance, 
formic acid yields a rotation very much higher, relatively, than 
any other acid. The value for acetic acid is also, relatively, too 
high, but to a less extent, whilst all the other acids differ by a 
constant value, as is seen in the diagram published in an earlier paper 
(Trans., 1884, 45, 548). 

Now it is evident that the trimethylene ring, 


H 
must be the first member of the series of ring compounds, the tetra-, 


Hs CH,*CH, , 

ie H,’ the second, and the penta-, CH, H,: ou,’ the third, and 
80 on, and it will be found, if these be compared with the first, second, 
and third members of the corresponding saturated aliphatic series, and 


* Trans., 1895, 67, 117. + Trans., 1887, 51, 11. 
t Trans., 1894, 65, 99. § Trans,, 1888, 58, 209. 
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the usual allowance be made for additions of OH, groups, that these 
anomalies in the value of ring formation due to loss of H, practi- 
cally vanish, thus : 


Mol. Diff. for 
rot. ring formation. 
Formic acid + (CH, x 3) =1°671+8-069=_...... 4°740 } ~ 0599 
Trimethylenecarboxylic acid ...........sssecseseeees 4°141 
Acetic acid + (CH, x 3) = 2°525+3°069= ......... 5594 } _ 0-546 
Tetramethylenecarboxylic acid ...........sseeseeees 5048 
Propionic acid + (CH, x 3)=3°462+3°069= ... 6°531 } 0°640 
Pentamethylenecarboxylic acid ...........sseseeeees 5°891 
Valeric acid + (CH, x 3)=5°513 + 3°069=__...... 8582 \ _ 0-607 
Methylhexamethylenecarboxylic acid ............ 7975 


From these comparisons, it is seen that the numbers all approximate 
closely to — 0°60. 

If we compare the esters of the dibasic acids in the same manner, 
analogous, although somewhat lower, differences are obtained, the 
first comparison beginning, in this case, with diethyl oxalate, then 
with diethyl malonate, and so on: 


Mol. Diff. for 
rot. ring formation, 


Diethyl oxalate + (CH, x 3) = 6°654 + 3°069 = 9-723 


Diethyl trimethylenedicarboxylate* ............... 9°166 soa 
Diethyl malonate + (CH, x 3) =7°410 + 3069 = 10°479 i ~ 0539 
Diethyl tetramethylenedicarboxylatef ............ 9°940 
Again, the ketones give similar results : 
Mol. Diff. for 
rot. ring formation. 
Acetone + (CH, x 3)=3°5164+3:069= ........06 6°585 ~ 0°684 
Tetramethylene methyl ketonet.............0.sc000 5901 
Methyl ethyl ketone + (CH, x 3) =4°452+3°069= 7:521 \ ~ 0610 
Tetramethylene ethyl ketone$  .......,. ......eceee: 6911 


Why tri- and tetra-methylene compounds should, throughout, be- 
have in a manner analogous to the two first members in the aliphatic 
series, it is difficult at present to understand, but the results of the 
comparison are so constant and striking that there can hardly be a 
doubt as to the correctness of the view advanced. 

Taking the average of the foregoing, we get for the ring formation 
with loss of H,, a difference of 0°6 in acids, esters, and ketones. 

In the case of hydrocarbons, this value is evidently much larger, as 
is seen from the comparison of hexane and hexamethylene : 


Rs Rin orscirncunats 6°646 ; 
Hexamethylene ......... 5°664 } Ss 
* Trans., 1887, 54, 853. + Trans., 1887, 64, 4. 


+t Trans,, 1892, 64, 48. -§ Trans., 1892, 61, 52. 


° La qu sai naires SF 
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Although hexamethylene is the only substance of this class which 
has, so far, been examined, it will be shown in this paper that this 
large value of 0°982 is probably correct in other similar cases. 

If, now, we compare hexamethylene with tetrahydrobenzene, w 
get s 

Tetrahydrobenzene ...... 6°392 \ 
Hexamethylene *......... 5°658 


This + 0-734 is the difference for unsaturation in these ring com- 
pounds, and is practically the same as that found in the case of open 
chain hydrocarbons (0°720). 

On chlorinating hexamethylene, a remarkable result is obtained, 
the product losing its very low rotation and showing the difference 
for ring formation exhibited in the case of acids, esters, and ketones: 


Propy] chloride.............ssese00s 5-056 
gD ccccssccddacoscccnotdindsertts 3-069 
8°125 

Chlorohexamethylene ............ 7489 
Value for ring formation...... — 0°636 


The second displacement by chlorine changes the character of 
the rotation again, making the influence of the ring formation 
still smaller, thus: 


Propylene dichloride, C,H,Cl, ... 6344 
Cg 6 B .cccvesencocnssarssvcccveresonnss 3°069 
Calculated rotation of C,H,,Cl,... 9°413 
Dichlorohexamethylene found ... 8°930 

Value for ring formation ...—0°487 


This value is practically the same as the value of H, in the 
aliphatic series (0°508) (see Trans., 1884, 45, 572); this is remark- 
able, as, besides the loss of H,, ring formation has also taken place. 

From what has been said, it is seen that ring formation influences 
the rotation, as follows : 


In hydrocarbons .......cceccsecsececcccce. coccccccccscace —0°982 
»» monochloro-substitution products, ketones, 
GUNG, TE GUE nc cccvaconncceccccsncngipaesgete — 0°600 
», disubstitution products of ring hydrocarbons 
containing chlorine ..........sssseeeeeereneeeeees — 0500 


The difference of rotation shown by unsaturated substances and 
closed chain compounds is very remarkable, and has repeatedly proved 
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of the greatest value in deciding whether a new substance belonged to 
one class or to the other. 

Since, then, the formation of saturated ring compounds from 
saturated substances containing two atoms of hydrogen more in the 
molecule is associated with the above-mentioned reduction in rotation, 
it became of interest to consider the case of the formation of so-called 
double or bridged rings, in which the ring formation from the open 
chain compound has taken place twice, and therefore with the loss of 
Jour atoms of hydrogen. 

The most convenient of such bridged ring compounds for this pur- 
pose is ordinary camphor, C,,H,,0, since the results of extended 
investigation leave but little doubt that this substance has the con- 
stitution 

CH,-CH———CH, 
O(CH,)s 
CH,°C(CH,)——-CO 
originally assigned to it by Bredt (Ber., 1893, 26, 3947). 

The magnetic rotation of camphor was therefore determined and 
found to be 9°265, and from this number and the following consider- 
ations we may obtain a fairly accurate value for the effect of bridged 
ring formation in this case. 

The saturated open chain ketone in the aliphatic series corresponding 
with camphor would have the formula C,,H,,O, and its value may be 
calculated thus : 


Methyl hexyl ketone .............seecesee vee 8509 
FE EE atdocveasnesvnverccsesersneshanuensterets 2°046 
Calc. rotation of ketone,C,)H,,O ......... 10°555 
Found rotation of camphor, C,)H,,0 ...... 9°265 

EMINONGD ann ccicse cnc scececsisvtiens — 1-290 


This difference, due of course to the formation of the double or 
bridged ring, is a minus one, and is, in fact, of a nature similar to that 
observed in the formation of a single ring (see above) ; it is therefore 
most interesting to note that by dividing the difference by 2, 0°645 is 
obtained, or a number closely agreeing with the average value for the 
influence of single ring formation in the case of ketones, &c., namely, 
— 0°60 (see p. 294). 

A similar result is obtained from an examination of the magnetic 
rotation of borneol. The constitution of this substance is represented 
by the formula 


CH, CH 
C(CH;), 
OH,-C(CH,) —CH-0H 


CH, 
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and, as it is related to camphor in the same way as a secondary alcohol 
is to a ketone, we should expect in the first place to find the rotations 
of these compounds differing by about 0°525*, 

The rotaticn of borneol calculated from that of camphor would then 
be camphor 9°:265+0°525=9-°790, a number closely agreeing with 
9-807, which is the value actually observed. 

If now we proceed, as we did in the case of camphor, to calculate the 
effect of bridged ring formation, in passing from the corresponding 
saturated compound, C,,H,.0, to borneol we obtain the following 
figures. 

The value of an open chain saturated secondary alcohol of the 
formula C,,H,,0 may be calculated thus: 


CONTI IE oi ssnc ccccescccessccoesesesces 9034 
CH, x 2...... ddicund -Gnenssnuiererpameeneaiiien 2046 
Value for C,oH,.0 cale, ......ccesenceeeeeees 11-080 
Mag. rot. of borneol.............sseeessssesees 9-807 

SIO ois oicces vecnssecscersseces — 1/273 


This value for the effect of bridged ring formation agrees closely 
with that deduced from camphor, namely, — 1-290. 

It is next of interest to study the case of menthol, 

CHy CH oy? (Cy) >CH-CH (OH) 
because, although it is very similar in constitution to camphor and 
borneol, it differs from them in being a single closed chain compound, 
the bridged ring being absent. 

The rotation of menthol was found to be 10°486, and if we deduct 
this from the magnetic rotation of the corresponding saturated open 
chain alcohol, C,,H,.0, which, as shown above, is about 11:080, we 
obtain 11-080 — 10-486 =0:594, for the effect of a single ring form- 
ation, but as menthol contains the isopropyl group, the calculated 
number should, perhaps, be about 0°100 higher ; this would make this 
difference 0°694. This number is only a little higher than the 
average value found in the synthetically prepared ring compounds, 
namely, 0°60 (see p. 294). 

Turning next to the case of the terpenes, C,)H,,, the magnetic rota- 
tions of /-limonene, carvene (d-limonene), camphene, and pinene, have 
been determined and the results are given in the paper. 

If we first consider the formula of camphene, the actual value of 


* This is the difference between the value of the rotation of sec.octyl alcohol, 
CH;*[CH,],°CH(OH)*CH,, 9°034, and that of methyl hexyl ketone, 
CH, "[CH,],"CO°CH,, 8°509. 
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bridged ring formation in a hydrocarbon of this class may be deduced 
in the following way. 

It may be assumed that camphene is produced from sn open chain 
compound, C,,H,., by first converting it into a six carbon unsaturated 
ring, ©,,H,,, and then subsequently forming the bridged ring, as 
indicated by the following formule : 


(CH,)CH(CH,) (CH,)CH(CH,) 
CH,-CH-CH, H,-CH———CH 
&H,-CH(CH,)-CH H,-CH(CH,)-GH 
49 Ho. CoH. 
CH,-CH CH 
C(CH;), || 
CH,*C(CH,)—CH 
C,H, s 


The calculation of the value for the formula C,)H,, is a simple one, 
and may be carried out as follows : 


IR icknivaccisescccsrvdeseneinneiauntell 7669 
NE PO eoaintenndasstexect<ss cos depentiamiarass 3'069 
Calculated value of C,H. ........ 10°738 


The use of this calculation in the present case requires some explan- 
ation. It has been shown (p. 297) that when CH, is introduced 
into an aliphatic hydrocarbon to form the next homologue, the normal 
chain has a rotation which is lower, by about -—0-l, than that 
of the isomeric compound containing a side chain. Thus, starting 
with n-pentane, CH,*CH,*CH,°CH,*CH, (mag. rot. 5°638), n-hexane, 
CH,°CH,°CH,°CH,°CH,°CH,, has a rotation of 6°670, whereas the 
rotation of isohexane, (CH,),CH*CH,*CH,°CH,, is 6-769, a difference 
of 0099. This behaviour is shown in all similar cases in the aliphatic 
series. 

On the other hand, in ring compounds the introduction of CH,, 
whether it-enters the ring or forms a side chain consisting of a methyl 
group, produces the same, or nearly the same, effect on the rotation, 
thus : 


(a) Pentamethylenecarboxylic acid .. CH bm “00, H 5'891 
(6) Methylpentamethylenecarboxylic 
ae cine aesaaea tes OH e HCH, 6-914 
H-CO,H 
(c) Methylhexamethylenecarboxylic er oct. 
ee re CH,CH,°CH-CH, 7-973 


H,CH,*CH-CO,H 


a 


~— noms. cotecessscepnmmadaaaa, 
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In the case of the formation of 5, it may be assumed that the CH, 
has entered into a to form a side chain consisting of a methyl group, 
and the result is an increase in the mag. rot. of 1°023. In the form- 
ation of c from 6, CH, enters into the ring; the increase in 
magnetic rotation is 1°061, or about the same value in both cases, 
In calculating the value for a ring formula such as that of camphene, 
it may therefore be taken that the differences for CH, are about 1°023, 
whether the CH, enters the ring or gives rise to the formation of a 
methyl group. 

The actual value of the formula C,,H,,. given above would evidently 
be higher than 10°738 on account of the methyl side chains which it 
contains, but as all of these ultimately enter into the ring of cam- 
phene, this extra influence peculiar to methyl groups in the open 
chain compounds must be neglected. 

Referring again to the calculation of the magnetic rotation of cam- 
phene from that of the hydrocarbon O©,,H,., the first process indicated 
by the two formule, 


CH,-CH-CH, CH,‘CH-OH, 
ag HOH, —>  0H,CH——CH 
,CH(CH,)*CH, OH,-CH(CH,)-CH ’ 


can be easily followed, since the analogous relationships between 
hexene and tetrahydrobenzene, 
CH,-CH,’CH, CH,°CH,.CH 
CH,-CH,:CH, OH,-CH,-OH ’ 
have been investigated. 

The magnetic rotation of hexane is 6°646, and that of tetrahydro- 
benzene is 6°392; it follows, therefore, that the value for the form- 
ation of the unsaturated six carbon ring is —0°254. Applying this 
to the case of camphene, it was shown on page 298 that the caleu- 
lated value of the saturated hydrocarbon, C,,H,, is 10°738 ; if, there- 
fore, we deduct —0°254 from this, we obtain 10°484 as the value of 
the unsaturated six carbon ring, C,,H,,. Since, then, the observed 
magnetic rotation of camphene is 10°135, it follows that the in- 
fluence of bridging the ring in this hydrocarbon is represented by the 
value 10°484- 10°135=0°349. The value of the bridged formation 
in this compound must then be —0°982 + -—0°:349= -1°331, which 
is not very different from that found in the case of camphor, — 1°290. 

Having obtained this value, 0°349, for bridging the ring, it is possible 
to estimate the probable rotation of terpenes such as limonene, 

CH,°C-.CH, 
CH,-CH——C@H, , 
CH,*0(CH,).CH 
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and it will be at once seen that both limonene and camphene contain 
their carbon atoms in the same order, and may be said to be de- 
rived from almost identical saturated hydrocarbons of the formula 
C,,H,,. Both camphene and limonene contain a six carbon unsat- 
urated ring, and the essential difference between the two is that in 
the former the group CH,°CH-’CH, has lost two atoms of hydro- 
gen on entering into this ring in a form of a bridge, whereas in 
the latter this loss of two atoms of hydrogen has resulted in the 
conversion of the group into the unsaturated group CH,°CH:CH,, 
which remains outside the ring. 

In order to deduce the value of limonene from that of camphene, we 
must deduct the value for bridging the ring (—0°349), and add the 
value for the conversion of the saturated group into the corresponding 
unsaturated one ( + 0°720, see p. 295), thus: 


Rotation of camphene 
Deduct value of ring formation, (—0°349), i.e, add +0°349 
Add for unsaturation 


Calculated mag. rotation of limonene 


It is certainly interesting that the number thus caleulated coincides 
nearly exactly with that actually found, as the average value of 
d-limonene and d-limonene (carvene) is 11°204. 

The rotation of the limonenes may be calculated in another manner, 
and with almost identical results, thus : 


Calculated value of the hydrocarbon C,,H., 
Less single ring formation of hydrocarbon (see p. 295)... 0°982 


Amount for unsaturation outside ring ............. ponkoie 


is a inside ring 


This is again almost identical with the number, 11°204, actually 
obtained. 

These considerations make it probable that the determination of the 
magnetic rotation of a terpene of unknown constitution may prove of 
considerable value in deciding its formula, as this will show clearly 
whether it belongs to the camphene class (compare Marsh, Proc., 1899, 
54, and Semmler, Ber., 1900, 33, 3420) and contains a bridged, un- 
saturated ring, or whether, like limonene, it is doubly unsaturated and 
the bridged ring is absent; in the former case, the value would ap- 
proximate to 10°133, in the latter to 11204. 

Pinene, although isomeric with camphene, is not so closely related to 


PERKIN: MAGNETIC ROTATION OF RING COMPOUNDS. 301 


camphor, since the camphor bridged ring is still intact in camphene 
whereas in the case of pinene, the bridged ring is of a somewhat dif- 
ferent kind. The general similarity between camphene and pinene is, 
however, indicated by the comparatively slight difference in the mag- 
netic rotation, namely, +0°159. 


Chloro- and Bromo-substitution Derivatives of Camphor. 


The following have been examined : 


a-Chlorocamphor ..............++++ 


a-Bromocamphor _............00 


aa-Dibromocamphor ............ 


aB-Dibromocamphor ............ 


C 
C,H,,Bré 


a8-Dibromo-a-chlorocamphor... C d 0 


The first influence of chlorine and bromine when it displaces hydrogen 
in camphor is as follows : 


a-Chlorocamphor... 10°846 a-Bromocamphor... 12°761 
Camphor ............ 9°265 Camphor ............ 9-265 
Cldisplacing H ... 1°58] Br displacing H... 3°496 


The values for the halogens displacing hydrogen in open chain com- 
pounds fluctuate a good deal (see Trans., 1894, 65, 417, 418), but the 
above numbers are abnormally high. The highest observed values in 
open chain compounds for monochloro- and monobromo-derivatives are 
1-470 and 3-424 respectively. When a further displacement of hydro- 
gen by bromine occurs in camphor, the values are nearly normal 
for the second substitution, as the following comparisons will 
show : 


aa-Dibromocamphor 15°994 af8-Dibromocamphor 15-902 
a-Bromocamphor ... 12°761 a-Bromocamphor ... 12°761 


Br displacing H ... 3°233 Br displacing H... 3:141 


As will be seen, the af-compound gives the smaller number of the 
two. 
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Lastly, coming to a third displacement, the result is again about 


normal : 
af-Dibromo-a-chlorocamphor 


af-Dibromocamphor 


Cl displacing H 

The high values found for the monochloro- and monobromo-compounds 
were what might be expected, as it has been shown that the same thing 
occurs in hexamethylene, only to a greater extent, the value for the 
chlorine atom, which displaces hydrogen in the latter case, being no 
less than 1'843. The second displacement by the halogen is, however, 
about normal, just as when the second atom of hydrogen in camphor is 
displaced by bromine. 


a-Nitrocamphor, pseudo Nitrocamphor, Camphoryloxime, and Anhydro- 
pseudonitrocamphor. 
It will be convenient to consider the rotation of these substances to- 


gether. 
Nitrocamphor, compared with camphor, shows the following differ- 


ence in rotation: 


This difference is similar to, although a little lower than, that noticed 
between nitropropane and propane, which is 0°229 (Trans., 1889, 55,729). 

After obtaining this result, experiments were made with the view 
of comparing the rotations of nitrocamphor and pseudonitrocamphor. 
Dr. Lowry considers that these two substances are represented by the 
formule : 


Oc OH 


O,H,,< 1 ~O 


MW\ Go 
Normal. Pseudo. 

As the latter cannot be isolated in a pure condition, it was necessary 
to examine one of its stable salts, and, after trials with several of these, 
the triethylamine compound was selected as most suitable. The 
rotation of the pseudonitro-compound, after allowing for the triethyl- 
amine, was found to be 10°469 (see p. 313),a number which is consider- 
ably higher than that of nitrocamphor, thus: 


y-Nitrocamphor 
a-Nitrocamphor 
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As it has been found that the magnetic rotations of amides and 
oximes are identical (unpublished results), it was of interest to compare 
those of the pseudonitro-ccompound and camphoryloxime, which are 
related as follows : 


C—N:0H N-OH 
C.H,,~ >0O once 
8*"14 
CO 


0 


Camphoryloxime. y- i... ihe 


and it was found that their values were very similar, that of the 
oxime being 10°375. 

As the relationship between the rotation of the acids and anhydrides 
is known, it is possible to get a second value for the rotation of the 
pseudonitro-compound by determining that of the anhydride which is 
stable, and has the formula : 


CFD a 
“W\ bo od | 73814 

Its rotation was found to be 19°712. 

The difference between the rotation of the anhydride of a monobasic 
acid and that of 2 mols. of the acid it is derived from is 9°752 ; if this 
then be added to the rotation of the anhydride, the result will be the 
rotation of 2 mols. of psewdonitrocamphor, and if this be divided by 
2 it will give the rotation of this compound itself : 


C,H,,< 


Anhydride of y-nitrocamphor 
Difference between anhydride and 2 mols. of acid... 0°752 


—_—_ _—— 


Rofation of 2 mols. y-nitrocamphor 2/20°464 


y-Nitrocamphor 


This is only a little lower than that obtained from the triethylamine 
salt. Considering the probable experimental errors connected with 
this kind of comparison, the average of all will probably not be far 
from the truth ; it amounts to 10°346, a value which is nearly identical 
with that of its isomeride, camphoryloxime. 

It would appear, therefore, that the difference between the rotation 
of the normal and the psewdonitro-compounds amounts to about 1-00, 
because the numbers for the nitro-compound are undoubtedly a little 
high on account of the solution examined containing a small quantity 
of the pseudo-form, as pointed out by Lowry. It is also interesting to 
find that the rotations of the pseudo-compound and the isomeric oxime 
are identical, and it affords another instance of the use of the magnetic 
rotations in distinguishing between two forms of nitro-compounds such 
as these. 
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The change of optical rotation which takes place when nitrocamphor 
is converted into the pseudo-form is very remarkable. In ethylene 
chloride solution, nitrocamphor has a rotation of [a]) —19°47°, whereas 
the rotation of a-nitrocamphor, calculated from the aqueous solution 
of the triethylamine salt, is no less than [a]p +345°5°. Cazeneuve 
found for the sodium salt {a}, +298° (Bull. Soc. Chim., 1888, [ii], 
49, 92). 

There is one interesting point connected with the magnetic rotation 
of pseudonitrocamphor, and that is, that it supports the formula 

N-OH 


C< 
OE | 0 , for this substance and not the alternative one, 
CO 


-NO-OH 
OH < : 
is that the first represents the nitrogen as tervalent, and the second 
as quinquevalent, and it has been shown that these two conditions of 
nitrogen influence the magnetic rotation of substances containing 
nitrogen very differently, the former by about 0°611 and the latter by 
only 0°103, the variation being practically 0°500 (Trans., 1889, 55, 
737). 

Now the rotation of pseudonitrocamphor, as seen above, being 
identical or nearly so with that of its isomeride camphoryloxime, 
which contains tervalent nitrogen, the inference therefore is that this 
pseudonitro-compound must also contain it in that condition ; if it were 
quinquevalent, the rotation should be about 0°50 lower than that of 
camphoryloxime, which is a very large difference. 


One essential difference between these formule 


aa’-Chloro- and aa'-Bromo-nitrocamphor, 


OG. 
C,H, co , 


It has already been pointed out that in nitrocamphor the influence 
of the substitution of the nitro-group for hydrogen is +0203, being 
slightly less than the value found in the case of the conversion of 
propane into nitropropane (0°229). In chloronitrocamphor, the NO, 
group is slightly negative, and in-bromonitrocamphor, negative to a 
still greater extent. It has, in fact, been found that as the specific 
rotation of substances increases, the influence of this group, which is 
always small, diminishes ; the positive nature of the value in substances 
of small specific rotation becoming negative in substances of large 
specific rotation, thus, for example, in the case of chloroform, which 
has a rather large specific rotation, nitropicrin, derived from it by the 
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substitution of NO, for hydrogen, has a smaller rotation than chloro- 
form itself, thus : 


Chloroform 
Nitropicrin 


Difference 


and this has been observed in several other instances, the particulars 
of which have not yet been published. Chloronitrocamphor having a 
larger specific rotation than camphor, the introduction of the NO, 
group yields a nitro-compound in which the influence of this group is 
slightly negative, and again, bromonitrocamphor has a larger specific 
rotation than chlorocamphor, and as a result, the nitro-compound gives 
a value still more negative. The following table shows the rotation of 
these nitro-compounds compared with that of the substances from 
which they are derived : 


Camphor 

a-Nitrocamphor 

a-Chlorocamphor 10°846 
aa’-Chloronitrocamphor ... 10°822 
a-Bromocamphor 
aa’-Bromonitrocamphor ... 


These results appear to be similar in character to those obtained 
with mixtures of substances with greatly varying specific rotations, to 
which I have previously drawn attention (Trans., 1896, 69, 1052). 


OHO — Ca CH, 
Camphylamine, i | CH . 


>0—H 6 
: cH oC CH CH, NH, 


(Tiemann, Ber., 1897, 30, 245). 

The magnetic rotation of this base was found to be 11°770, and it 
is evidently an unsaturated ring compound. The rotation of the 
saturated aliphatic base corresponding with camphylamine is C,,H,,N ; 
its rotation may be calculated thus: 


Propylamine, C,H,N 
CH, x 7=1:023 x 7= 


Rotation of C,,H,,N 


The influence of unsaturation may be calculated from the difference 
of rotation between allylamine and propylamine, namely, 5°587 — 4°563 = 
1024, If this be added to the above, the rotation of this base, sub- 

VOL, LXXXI, 
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tracted from the rotation of camphylamine, will leave a value repre- 
senting the influence of the ring formation, thus : 


C,,H,,N CHC EHH HORROR eCOEC eee ee eeereeese 1 1 ‘724 
For UMARCUTAEIOR, . .02.000ccrcsncescnnersinceses d00 — :1:024 

12-748 
Rotation of camphylamine ........ esremeeken 11:770 
BOI Ss 5.0. 005:05<ts tanastadnacebapabaans 0-978 


It is interesting to find that this number for ring formation is 
practically the same as that observed in the case of hydrocarbons 
(0982). 


Bornyl Chloride (Pinene Hydroéhloride), C,)H,,Cl. 


The magnetic rotation of this compound was found to be 11°058, 
and if from this we deduct the rotation of pinene, 10°294, we obtain a 
difference =0°764. This difference, however, does not represent that 
of hydrogen chloride merely, because pinene, when converted into its 
hydrochloride, becomes a saturated compound ; it is therefore neces- 
ssary to add to this number (0°764) the amount which is lost by this 
change, namely, 0°720, the value for unsaturation (see p. 295); this 
gives 1484. Since the value of HCl is 1-987, the discrepancy of 
—0°503 points to the fact that pinene undergoes some further change 
in structure when it is converted into the hydrochloride, and not 
merely that resulting from its becoming a saturated compound in 
union with hydrogen chloride, Wagner and Brickner (Ber., 1900, 32, 
2325) have recently shown that pinene hydrochloride is not, as formerly 
supposed, a derivative of pinene, but is bornyl chloride, molecular 
change having taken place during the addition of hydrogen chloride, 
thus: 


CH-C(CH,)=cH CH,-C(CH,)——CH 
9 
| ~¢(CH,), —> | QCH,),c1 | —> 
CH,:OH CH, CH,-CH-———CH, 
Pinene. Terpinyl chloride. 
CH,*0(CH,)—CHOl ~ 
| (CH), | 
CH,-CH-——CH, 
Bornyl chloride. 


That this view is in accordance with the results of the magnetic 
rotation determinations may be shown as follows. 

The rotation of sec.octyl alcohol is 9°004 and that of sec.octyl 
chloride is 10°248, showing that, in passing from a secondary 
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alcohol to the corresponding chloride, there is a rise of rotation of 
1-224. If, then, pinene hydrochloride is bornyl chloride, its rotation 
should easily be calculated by adding to the rotation of the corre- 
sponding secondary alcohol, borneol (9°806), the number 1°244, This 
gives 11-050 as the calculated rotation of bornyl chloride, which agrees 
almost exactly with that found, namely, 11°058. 


trans-Dipentene Dihydrochloride, C,)H,,2HCl. 


The magnetic rotation of this compound, which, according to Baeyer 
(Ber., 1893, 26, 2862), has the formula : 


has been found to be 13:111. This formula represents the substance 
C,,H,,Cl, as a dichloromethylisopropylhexamethylene, and its rota- 
tion may be calculated thus : 


Dichlorohexamethylone .............s.sseeee00 8906 
OH, X4=1:023 X4—=  o.iecesecsserereeveees 4092 
Addition for i80-group .......scseccseceeeeneee 0°103 
Calculated rotation of C,,H,.Ol, ........+++ 13°101 


It will be seen that the number found agrees closely with that 
calculated in this way. 


Refraction values of Camphor and its Compounds. 


The results of these determinations, the particulars of which will 
be found in the experimental part of this paper, are in most cases 
lower than the calculated, as will be seen from the following table, 
which gives the differences between the theoretical and observed 


values for Me}, 
d 


Borneol . ................ —0°409 a-Dibromo-a-chloro- 

Camphor ............00. + 0°154 CAMPROE aeccecceeeee - 0:560 
a-Chlorocamphor ...... — 0°150 a-Nitrocamphor........+ —0°045 
a-Bromocamphor ...... — 0'207 aa’-Chloronitrocamphor —-0°522 
aa-Dibromocamphor.... — 0°436 aa’-Bromonitrocamphor —0°768 
a8-Dibromocamphor.., — 0°808 Camphoryloxime ...... +0°812 
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The comparison of these results with the magnetic rotation deter- 
minations is a matter of difficulty, but so far as it has been carried 
out the variation in the two values seem to be of the same nature 
except in the case of camphor. 

There is a certain analogy between the refractive values of a-nitro- 
camphor, aa’-chloronitrocamphor, aud aa’-bromonitrocamphor, inasmuch 
as that, whilst the nitro-compound has a refractive value nearly the 
same as the calculated, the chloro-derivative has a considerably 
lower, and the bromo-derivative a still lower value, these differences 
being in the same order as the magnetic rotation. In the case of 
camphoryloxime, it is also found that its refractive value is higher 
than that of its isomeride, a-nitrocamphor, a result similar to that 
found in the case of their magnetic rotations. 


EXPERIMENTAL. 


It will be seen from this part of the paper that as all the camphor 
compounds are solids and not easily fusible, they had to be examined 
in solution. A very good solvent for those examined is chloroform, 
but owing to its volatility it is difficult to keep the solutions of constant 
composition for any length of time. Ethylene chloride was therefore 
tried and found to be an excollent solvent ; and as its boiling point is 
83-5°, it was much more suitable than chloroform; moreover, its specific 
rotation was found not to vary very largely from those of the camphor 
compounds, experiment showing that it is a little higher than those of 
camphor, its nitro- and chloro-derivatives, and a little lower than 
those of the bromo-derivatives. The error, therefore, arising from this 
cause would be small, it having been found that in the magnetic 
rotation of mixtures a reduction occurs more or less proportional 
to the difference between the specific rotations of the constituents. 

A litre of ethylene chloride, purified by shaking with concentrated 
sulphuric acid several times, was washed, and after being dried 
first with potassium carbonate, and then with phosphoric oxide, was 
filtered and distilled. It all came over within less than half a degree, 
and when fractionated into three quantities, the densities of the first 
and third only differed by 000018. The density at 15° was 1:26197, 
this is higher than that previously observed, both by Thorpe and my- 
self, by about 0°0021 (Trans., 1884, 45, 528), and is probably due to 
the greater purity obtained by treatment with sulphuric acid. 

The magnetic rotation was determined on three occasions and gave: 


t. Sp. rot. Mol. rot. 
187° 1'2564 5°496 


With specimens previously examined, the mol. rotation obtained 
was 5°485, which is practically the same as that now found, 
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Solutions made with this solvent were preserved in bottles with 
stoppers moistened with glycerine, and were found to undergo practic- 
ally no change, even after being kept for months, as was proved by 
redetermining their densities. 

The solutions were made as concentrated as possible, but on account 
of the varying solubilities of the camphor compounds, they could not 
be made of similar strengths. 


Menthol, C,,H,,0. 
This substance was examined in the fused state. 


Density: d 40°/40°, 0°8909 ; d 45°/45°, 0°8888 ; d 50°/50°, 0°8868 ; 
d 55°/55°, 0°8850 ; d 60°/60°, 0°8835 ; d 65°/65°, 0°8820, 


Magnetic rotation determined on three different occasions : 


Sp. rot. Mol. rot. 
Average 10754 10°486 


Optical rotation at 47° [a])= —49°88,° 


Borneol, C,,H,,0. 


This was redistilled before use, b. p. 214° under 772 mm. pressure. 
The strongest solution that could be used contained 23-728 per cent., 
the composition being C,,H,,0+5 mols. C,H,Cl,. 


Density : d 10°/10°, 11819 ; d 15°/15°, 1°1750, 
Magnetic rotation determined on three different occasions : 


Sp. rot. Mol. rot. 
Average 1°2122 37°232 
27°425 


Mol. rot. C,,H,,0 
Optical rotation [a])= +35°22°. 


Camphor, C,,H,,0. 


This substance was redistilled for examination. Two solutions in 


ethylene chloride were used. 
The first contained 50°582 per cent., representing in composition, 
C,,H,,O +1°50 mols. C,H,Cl,. 


Density : d 10°/10°, 1-0985 ; d 15°/15°, 10939, 
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Magnetic rotation twice determined : 


t. Sp. rot. 
Average 11°72° 1:1483 


Optical rotation [a])>= +51:936°. 


The second contained 67°18 per cent., representing O,,H,,0 + 0°75 
mol. C,H,Cl,. This was a practically saturated solution at the ordin- 
ary temperature. 


Density : d 10°/10°, 1:0523 ; d 15°/15°, 1-0489. 
Magnetic rotation ; four times determined : 


t sp. rot. 


Average 15°74° 11171 
Less 0°75 mol. C,H,Cl, 


Optical rotation [a])»>= + 52°68°. 


The magnetic rotations of both solutions being very close, the 
average, 9'265, has been taken as correct. 


a-Chlorocamphor, C,H, hog 


The solution employed contained 32°017 per cent. of a-chlorocamphor, 
the composition being C,,H,,OCl + 4 mols, C,H,Cl,. 


Density : d 10°/10°, 1:2154 ; d 15°/15°, 1°2102. 
Magnetic rotation determined on three separate occasions : 


t. Sp. rot. Mol. rot. 
Average 1:2288 32°786 


Mol. rot. C,)H,,OC] ...... = 10°846 
Optical rotation [a])>= +106°5°. Lowry found (in alcohol) +96°. 


a-Bromocamphor, OHI ~, 


The solution used contained 43°75 per cent. of this substance, the 
composition being C,,H,,OBr +3 mols. C,H,Cl,. 


Density : d@ 10°/10°, 1:3047 ; d 15°/15°, 1-2993. 
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Magnetic rotation determined on three occasions : 


t. Sp. rot. Mol. rot. 
Average...... 12:2° 1-2972 29°216 
Less 3 mols. C,H,Ol,  ......+4 16°455 
Mol. rot. O,,H,,OBr ........... 12°761 


Optical rotation [a]p>= +145°34°. Lowry found (in alcohol) + 135°. 


aa-Dibromocamphor, OH < ho. 


The solution of this compound was not so concentrated as that of 
the mono-derivative ; it contained 34:292 per cent., the composition 
being C,,H,,OBr,+6 mols. C,H,Cl,. 

Density : d 10°/10°, 1:3825 ; d 15°/15°, 1°3764. 


Magnetic rotation determined on four separate occasions : 


t. Sp. rot. Mol. rot. 
Average...... 15°52° 1°3397 48-904 
Less 6 mols. C,H,Cl,......... 32-910 


Mol. rot. C,,H,,OBr, ...... =15°994 
Optical rotation [a],= + 42°067°. Lowry found (in chloroform) 
+ 40°. 


HB 
aB-Dibromocamphor, OHBr<f 0 ¥ 


This substance did not dissolve very freely ; the solution used con- 
tained 25°812 per cent. Composition O,,H,,OBr,+9 mols. C,H,Cl,. 
Density: d 10°/10°, 13388 ; d 15°/15°, 1°3528. 


Magnetic rotation determined on five occasions : 


t. Sp. rot. Mol, rot. 

Average...... 14:9° 1°3234 65°266 
Less 9 mols. C,H,Cl, ...... 49°364 
Mol. rot. O,oH,,OBry...... = 15-902 


Optical rotation [a])>= + 104:167°. 
BrCl 
af-Dibromo-a-chlorocamphor, C,H,3Br< ; 


The solution of this substance employed contained 36°668 per cents, 
the composition being O,,H,,OCIBr,+6 mols. C,H,Cl,, 


Density : d 10°/10°, 14181 ; d 15°/15°, 14122, 
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Magnetic rotation determined on two occasions : 


Sp. rot. Mol, rot. 
Average 13633 50°213 
Mol. rot. 6 mols. C,H,Cl, 32°910 


Mol. rot. C,,H,,0CIBr, = 17°303 
Optical rotation [a]p>= +43°016° 


Lowry found (in chloroform) 
+44°5°, 
Camphylamine, C,)H,)N. 


This substance boiled at 205°-5—206:5° corr. (b. p. given in Beilstein, 
194—196°). 


Density : d 15°/15°, 0°8729 ; d 20°/20°, 0°8697 ; d 25°/25°, 0°8669. 
Magnetic rotation determined on three different occasions : 


4 Sp. rot. Mol, rot. 
Average 1/2078 11770 


This substance had a small + optical rotation. 


H-NO, 
a-Nitrocamphor, O,H,, 


For this and the other camphor derivatives, I am indebted to Dr. 
Lowry. This substance was examined in two solutions. In the second 
solution, it was examined as soon as possible after being made. 

The first solution contained 49°873 per cent. of nitrocamphor. 
position, C,,H,,O°-NO,+2 mols. C,H,Cl,. 
when examined. 


Com- 
It was several days old 
Density : d 10°/10°, 1:20982; d 15°/15°, 1-20491. 
Magnetic rotation determined on three different occasions : 
t. Sp. rot. Mol. rot. 
Average 12°14° 1°1246 20°438 
Less 2 mols, C,H,Cl,........ 10°970 


Mol. rot, C,,H,,0°NO, 
Optical rotation [a], =19°47°. 


The. second solution contained 44:319 per cent. of nitrocamphor. 
Composition, C,,H,,0-NO, + 2°5 mols. C,H,Cl,. 
Density : d 10°/10°, 1:2166 ; d 15°/15°, 1°2117. 


Magnetic rotation once determined with fresh solution ; 
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t. Sp. rot. Mol. rot. 
15°4° 1°1335 23°109 
Less 2°5 mols. C,H,Cl,..... 13°712 


Mol. rot. C,,H,,O°NO,... 9°397 


a-Nitrocamphor, Triethylamine, and Water. 


The compound of triethylamine and nitrocamphor was used with 
the view of getting the rotation of pseudonitrocamphor. An excess of 
triethylamine was employed to ensure all the nitrocamphor being in 
combination. Experiments with piperidine as the base were also 
made, but the product crystallised out too readily when the solutions 
were strong. 

The solution contained 36°532 per cent. of nitrocamphor, Com- 
position, C,,H,,0°NO, + 1°25 mols. (C,H;),N +12 mols. H,O. 


Density : d 15°/15°, 10468 ; d 20°/20°, 1:0444. 


Magnetic rotation, determined on three occasions a month apart : 


Sp. rot. Mol. rot. 
Average 11569 33°116 
Less 12 mols. H,O 12-000 


21°:116 
10°647 


The optical rotation of this solution, calculated on the nitro- 
camphor, was no less than [a], +345°5°. Oazeneuve gives for the 
sodium salt [a], + 298°; this of course would be higher if calculated on 
the nitrocamphor only, although not quite so high as the above 
(+ 331:2°). 

Anhydro-y-nitrocamphor, C.,H,,0,N>. 

This substance is not very soluble in ethylene chloride, the 
strongest solution that could be conveniently used containing only 
15-959 per cent. and having the composition C,,H,,0,N, +20 mols. 
C,H,Cl.. 

Density: d 10°/10°, 12547; d 15°/15°, 1:2488. 

Magnetic rotation, four times determined on different occasions : 


¢, Sp. rot. Mol. rot. 
Average 149° 1°2348 129°412 
109-700 


= 19°712 
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Optical rotation [a]>= +132°84°. Lowry gives for solution in 
benzene + 187°, and in chloroform + 167°. : 


C—N:0OH 
Camphoryloxime, C,.H,¢ >O °° 
O 


A solution of this substance in ethylene chloride containing 44°319 
per cent. was used. Composition, C,)H,,0,N + 2°5 mols. C,H,Cl,. 
Density : d 15°/15°, 12418 ; d 20°/20°, 1:2365. . 


Magnetic rotation, determined on three separate occasions : 


t. Sp. rot. Mol. rot. 
Average......... 17°4° 1-2088 24°087 
Less 2°5 mols. C,H,Cl, ......... 13°712 

10°375 


Optical rotation [a], =14°09°. 


Lowry obtained, in a 5 per cent. 
solution in benzene, [a], =7:0°. 


NO, 
aa’-Chloronitrocamphor, on, 6 <o1 ‘ 
The solution examined contained 43-803 per cent. of this substance. 
Composition, C,,H,,OCI-NO, +3 mols. C,H,Cl,. 
Density : d 10°/10°, 1:2641 ; d 15°/15°, 1:2589. 


Magnetic rotation, determined on two occasions : 


t. Sp. rot. Mol. rot. 
Average......... 12°85° 11717 27°277 
Less 3 mols. C,H,Cly...... 00+... 16°455 

Mol. rot. C,)H,,OCI*NOQ,.. ... 10°822 


Optical rotation [a], =6-924°. Lowry found (in chloroform) 5°. 


aa’-Bromonitrocamphor, OF OSB ; 
co 
The solution employed contained 31°724 per cent., the composition 
being C,,H,,OBr-NO, +6 mols, C,H,Cl,. 
Density: d 10°/10°, 13288 ; d 15°/15°, 1°3231, 


Magnetic rotation, determined on two occasions ; 
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t. Sp. rot. Mol. rot. 

Average......... 127° 12516 45°630 
Less 6 mols. C,H,Cly............ 32°910 

Mol. rot, C,,H,,OBr:NQ,...... 12-720 


Optical rotation [a])= 


1-Limonene, C,,H,,- 


For this hydrocarbon, as well as for the terpene derivatives referred 
to in this paper, I am indebted to Professor Tilden. It was purified 
in the same manner as mentioned below in reference to carvene. Its 
boiling point was 175°5—-177° (corr.). 


Density: d 10°/10°, 0°8549 ; d 15°/15°, 0°8514 ; d 20°/20°, 0°8483 ; 
d 25°/25°, 0°8453. 
Magnetic rotation, determined on six different occasions : 


t. Sp. rot. Mol. rot. 
7.200, 1:2578 11°162 


Optical rotation [a ]p>= -103°51°. 


Carvene or d-Limonene, C,,H,,. 


Obtained from Kahlbaum. It was purified by steam distillation 
with alkali, then dried, and fractionated. The boiling point was 
178—179° (corr.). 


Density : d 4°/4°, 0°8576; d 10°/10°, 0°8532; d 15°/15°, 0°8498 ; 
d 25°/25°, 0°8437. 
Magnetic rotation, determined on four occasions : 


t. Sp. rot. Mol. rot. 
16°32° 1°2637 11-246 
Optical rotation [a])= +122°7°. 
Average mol. rot. of /-limonene and carvene, 11°204, 


Pinene, C,,H,,. 
The specimen used had a boiling point of 158-5—159°. 
Density: d 4°/4°, 0°8740; d 5°/5°, 0°8732; d 10°/10°, 0°8694 ; 
d 15°/15°, 0°8658 ; d 20°/20°, 0°8624 ; d 25°/25°, 0°8595. 


Magnetic rotation : 
t. Sp. rot. Mol. rot. 
20° 11750 10°294 


Optical rotation [a]) =15°47°, 
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Bornyl Chloride (Pinene Hydrochloride), C,)H,,Cl. 


' For this and the following derivatives of this class, I am indebted to ; 
Professor Tilden. This product was made from American turpentine. 
Being a solid, it was examined in solution in carbon tetrachloride ; two 
different solutions were employed. 

Solution 1.—This contained 68°271 per cent. of C,,H,,,HCl, and had 
the composition C,,H,,,HCl + 0°523 mol. CCl,. 


Density : d 15°/15°, 1:1493 ; d 20°/20°, 1°1454 ; d 25°/25°, 1°1415, 
Magnetic rotation : 


t. Sp. rot. Mol. rot. 
17°4° 1°1835 14503 
Less 0°523 mol, CCl, ......... 3°442 
11°061 


Optical rotation [a]p>= + 6°92°. 


Solution 2.—This contained 68°40 per cent. of C,)H,,,HCl, and had 
the composition C,,H,,,HCl+0°517 mol. CCl,. 


Density : d 15°/15°, 1:1471 ; d 20°/20°, 1:1430 ; d 25°/25°, 1°1393. 
Magnetic rotation : 


t. Sp. rot. Mol. rot, 

14°8 1°1868 14°449 

Less 0°517 mol. CC],......... 3°396 

11°055 

Average of both determinations ......... 11:058 


Dipentene Dihydrochloride, C,)H,,,2HCl. 
This was examined in the fused condition. F. p. 50°. 
Density : d 45°/45°, 10613; d 50°/50°, 1:0593 ; d 55°/55°, 1°0575. 


Magnetic rotation : 
t. Sp. rot. Mol. rot. 
54°8° 11942 13°111 


Camphene, C,)H,,. 

This was obtained from Schuchardt, and purified by pressure and 
five fractionations ; it boiled at 157—157°5° under 750 mm. It was 
examined in the fused condition. 

Density : d 40°/40°, 0°8609 ; d 45°/45°, 08586; d 50°/50°, 0°8565 ; 
d 55°/55°, 0°8544 ; d 60°/60°, 0°8524. 
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Maguetic rotation : 
t. Sp. rot. Mol. rot. 
45°8° 11516 10°136 


Refractive Values. 


The refractive values of borneol and camphor and its derivatives were 
determined. The measurements were made with the same ethylene 
chloride solutions as were used for the magnetic rotations. It is 
thought to be unnecessary to give all the details of the indices, &c., 
determined, the molecular refractions of the compounds calculated from 
them being sufficient. The values obtained with these solutions would 
be expected generally to be very slightly lower than the pure sub- 
stances would give. 

The measurements of the ethylene chloride used gave the following 
numbers : 


w-1 p-l1 
fe a “a Cale. 
a 1°44758 0°35285 34°93 34°94 
B 1:45607 0°35955 35°56 — 
y 1°46124 0°36363 35°99 
| Hy-Ha 1:06. 
Disp. 
a. B. vi Hy - Ha 
Ea A I 75'791 77:175 77913 2°122 
TTI dsotiveccaseaes 76°200 
SC isndiiediciniens — 0°409 
I iideeitseiiricensesices 74354 75°690 76517 2°163 
RR hbdnacatadebens 74°200 
TL hie tugshdiedion +0°154 
a-Nitrocamphor .............. 84-205 85°955 86991 = 2°786 
er 84°250 
TE heskektvscebies —0°045 
aa’-Chloronitrocamphor ...... 92-298 94167 95:°280 2°982 
ME cadnenscaoisiee 92-820 
aan Pe — 0°522 
aa-Bromonitrocamphor ...... 97°572 99-711 - 100982 3410 
GS osicccccdestes 98°340 
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p-l 
__ 
Cc oe + Disp. 
a. B. 7: Hy - Ha. 
Camphoryloxime ............... 85°017 86°845 87°912 2°895 
ERY ctddndiduscoate 84°205 
SESE +0°812 
a-Chlorocamphor ............... 82-620 84183 85046 2°426 
RINE vcnecivetesies 82°770 
Ph inbadinsscnen —0°150 
a-Bromocamphor ............... 88-083 89-870 90°919 2°836 
GN thtwcnamnnsdsey 88°290 
lr icnatiduswadinke — 0°207 
aa-Dibromocamphor ......... 101°944 104131 105°564 3°620 
GAEL: wosees heeded 102°380 
een — 0°436 
aB-Dibromocamphor ......... 101572 103°633 104-988 3°416 
MEN cndistinanbannes 102°380 
ETE See —0°808 
aB-Dibromo-a-chlorocamphor 110°391 112°851 114°276 3°885 
ci acsaciesders 110°950 
nae — 0°560 


XXXIIL—A Modification of Zeisel’s Method for the 
Estimation of Methoxyl Groups. 


By J. T. Hewirt and T. S. Moors. 


THE method described by Zeisel for the estimation of methoxyl (and 
ethoxy!) groups in organic compounds has frequently proved of con- 
siderable service. A disadvantage of this method is, however, the 
time taken both in setting up the apparatus and in carrying out the 
estimation. With the view of improving the process in this respect, 
we determined, if possible, to replace the condenser of the original ap- 
paratus due to Zeisel by a fractionating column, and this proved so 
satisfactory that we were able to dispense, not only with the condenser 
and the supply of water at constant temperature, but also with the 
potash-bulbs containing water with red phosphorus in suspension kept 


ae 
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at 40—50°. An efficient column not only returns the hydriodic acid 
to the decomposition flask, but also effectually holds back any iodine 
which volatilises. . 

The apparatus we have used takes the form shown in the accompany- 
ing figure, the arrangement of the bulbs in the fractionating column 
being shown at (a). 

Carbon dioxide is washed by silver nitrate solution and led into the 
decomposition flask ; 
not simply into the f 
neck as in Zeisel’s H 
method. An ordinary = 
round-bottomed flask 
of 150—200 c.c. 
capacity is employed, 
the inlet tube for car- 
bon dioxide termi- 
nating about 1:5—2 
em. above the sur- 
face of the liquid. A 
fractionating column 
also passes through 
the cork of the flask, 
the pattern of the 
one ,we have used 
being , due to Mr. 
J. N. Tervet of this 
laboratory. The 
number of bulbs in 
the column has been 
seven or eight. 

The method of pro- 
cedure is as follows : 
About 16 cc. of | || 
hydriodic acid (sp. YT 2wWN\ J 
er. 168—1:70) is [ ail 
poured into the de- 
composition flask. This is fitted with the cork carrying the carbon 
dioxide leading tube and the fractionating column, The bulb of the 
flask is then immersed in a glycerine bath and heated at about 130°, 
whilst a slow current of carbon dioxide is passed'through the apparatus 
for 10 minutes.* The apparatus is then disconnected, the flask and 
its contents cooled, and about 0°2—0°3 gram of the substance under 


4 


- = — —— iE = 3 


* In this manner, impurities (for example, phosphine) are removed from the 
hydriodic acid. We do not know if this precaution has been previously employed, 
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examination weighed into it. The apparatus is then joined together 
again, and the tube from the fractionating column connected to one 
passing directly into an aqueous alcoholic solution of silver nitrate 
prepared according to Zeisel’s directions, A further check flask is 
also added, as Zeisel recommends. 

The decomposition flask and its contents are heated at 130°, and a 
slow current of carbon dioxide passed through the apparatus. Satis- 
factory results are obtained if during the operation the thermometer at 
the top of the column indicates a temperature of 20—25°. De- 
composition is complete in 45 minutes (maximum time). 

The following results demonstrate the satisfactory nature of the 
method : 


f CH,0 

Weight | AgI pro-} CH,O ad 

Substance. Formula. tahoe. iced, found. _ 
ea _— — none — ~ 

Brucine .......... . Co, Ho0,N.(OCHS)- 0°2196 | 0°2581 | 15°50 | 15°74 

Vanillin ............ C,H,(CHO)(OH)(OCH,) | 0°2388 | 0°3598 | 20°30 | 20°39 

Codeine* ......... Cy,H7ON(OH)(OCH,) | 0°3917 | 0°2674| 9°05 | 10°35 

MM . Geowsenad aa 0°2745 | 0°2191 10°52 10°35 

Quinine ............|  CgH,ON.(OCH;) 02055 | 01482 | 9°51 | 9°56 


* The codeine resinified on treatment with hydriodic acid. In the second estima- 
tion, the substance was heated with hydriodic acid mixed with about its own volume 
of acetic anhydride. 


The method generally giving such good results, attempts were made 
to estimate methoxy] in easily volatile substances. The results were not 
very satisfactory : 


Weight | AgI pro-| CH,O CH,0O 


Substance. Formula. ‘ciein agp os 
Methyl acetate ... CH,°CO,CH; 0°2159 | 0°5142 | 31°41 | 41°89 
CO,CH; 


Methyl oxalate ... 02207 | 0°8492 | 50°75 | 52°54 


I 
CO,CH, 


For ethoxyl compounds, the glycerine bath is heated at 140°, and 
the current of carbon dioxide is made somewhat more rapid towards 
the end of the operation. The temperature at the top of the fractionat- 
ing column is about 27°: . 
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Weight | Agl = C,H,0 | C2Hls0 
taken. | duced. | found. lated. 


Substance. Formula. 


m-Chlorobenzene- 
azo-p-phenetole| C,H,Cl*N,*C,Hy’OC,H, | 0°2560 | 0°2304 | 17°23 | 17°54 


East LonpoNn TECHNICAL COLLEGE. 


XXXIII.—The Radioactivity of Thorium Compounds. I. 


An Investigation of the Radioactive Emanation. 


By E. Ruruerrorp, M.A., D.Sc., Macdonald Professor of Physics, 
and Freperick Soppy, B.A. (Oxon.), Demonstrator in Chemistry, 
McGill University, Montreal. 


Tue following paper contains a preliminary account of an investigation 
into the property possessed by the compounds of thorium of giving a 
radioactive emanation, and also into the nature of the emanation 
itself. 

It was shown by one of us (Phil. Mag., 1900, [v], 49, 1, 161) that 
the compounds of thorium, besides being radioactive in the same sense as 
the uranium compounds, also continuously emit into the surrounding 
atmosphere, under ordinary conditions, something which, whatever its 
real nature may be, behaves in all respects like a radioactive gas. 
This “emanation,” as it has been named, is the source of rays, which, 
like the Rontgen and uranium rays, and the ordinary well-recognised 
type of thorium radiation, will darken a photographic plate, and will 
render a gas capable of conducting an electric current (that is, will 
“jonise ” it), but is sharply distinguished from them by the following 
considerations. It can be moved from the neighbourhood of the 
thorium compound by a current of air passing over it, or even by the 
process of ordinary gaseous diffusion, and transported long distances, 
so that the characteristic photographic and ionisation effects appear in 
the air far away from the original source of radioactivity. The 
Roéntgen and uranium rays, as is well known, travel in straight lines 
from their source, and any object opaque to them interposed in their 
path will sharply screen the space behind. But in the case of the 
thorium radiation there is no such screening effect, because here we 
have a case of a substance emitting, not only straight line radiation, 
but also particles of a gas, itself radioactive, capable of diffusing 
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through the surrounding atmosphere around obstacles placed in its 
direct path, and so arriving and producing its effects at points com- 
pletely screened from rays travelling from the thorium in straight 
lines. It was shown in the original communication that these effects 
could not be ascribed to minute particles of thoria dust carried off 
mechanically, and all the subsequent work on the subject shows that 
the hypothesis that the compounds of thorium emit a radioactive 
gas is not merely the only one which will explain the facts, but 
that it does so in every observed case in a completely satisfactory 
manner. 


Present State of the Subject from a Physical Standpoint. 


In the papers referred to, the general character of the phenomena in 
question was presented, and a short réswmé will perhaps not be out of 
place here. It wasshown that the radiation from the emanation decays 
rapidly, but at a perfectly defined rate, that is, the effects it produces 
diminish with the lapse of time, falling to about one-half the original 
value at the end of one minute. This “rate of decay,” as will be 
shown later, is of great value in identifying and distinguishing 
between different types of emanation. 

The emanation passes unchanged through cotton wool, weak and 
strong sulphuric acid, and aluminium and other metals in the form 
of foil, but not through an extremely thin sheet of mica. 

The emanating power of thoria is independent of the surrounding 
atmosphere, but is destroyed to a large extent by intense ignition, 
and does not return when the substance is kept. 

One of the most striking properties of the thorium emanation is 
its power of exciting radioactivity on all surfaces with which it comes 
in contact, that is, a substance after being exposed for some time in the 
presence of the emanation behaves as if it were covered with an in- 
visible layer of an intensely radioactive material. If the thoria is 
exposed in a strong electric field, the excited radioactivity is entirely 
confined to the negatively charged surface. In this way, it is possible 
to concentrate the excited radioactivity on a very small area. The 
excited radioactivity itself has a regular rate of decay, but different 
from that of the emanation, its effect falling to half value in about 
11 hours. There is a very close connection between the excited 
radioactivity and the emanation. It was shown that the amount of 
the former produced under various conditions was proportional to the 
amount of the latter, and if the emanating power of thoria be de- 
stroyed by intense ignition, its power to excite radioactivity corre- 
spondingly disappears. Some apparent discrepancies which at first 
stood in the way of too close a connection being inferred_have resolved 
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themselves by recent work into strong confirmation of the view that 
the two are related to each other as cause and effect. 

Another remarkable property of the excited radioactivity is that it 
is soluble in sulphuric and hydrochloric acids, that is, a platinum 
wire, rendered radioactive by being made the negative pole of an 
electric field in the neighbourhood of some thoria, will give up its 
radioactivity to these acids. If the acid be then evaporated, the 
radioactivity remains on the dish, whilst if left to itself the radio- 
activity of the acid solution decays at a rate identical with that of the 
original excited radioactivity on the platinum wire. 

Simultaneously with the discovery of excited radioactivity due to 
thoria, Curie showed that radioactive barium possessed a similar 
property. Later, Dorn (Abk. der Naturforsch. Ges. fiir Halle-a-S., 1900) 
repeated the work quoted for thoria, and extended it to include two 
preparations of radioactive barium compounds (radium) prepared by 
P. de Haen, and a preparation of radioactive bismuth (polonium). He 
found that radium gave out an emanation which was similar to that 
from thoria, but which retained its radioactive power much longer. 
The excited radioactivity from radium, on the other hand, decayed more 
rapidly than that from thoria. The special property of emitting an 
emanation is, however, confined to thecompounds of radium and thorium, 
those of uranium and polonium do not possess it to an appreciable 
extent. 

An approximate determination of the molecular weight of the 
emanation produced by radium has been carried out (Rutherford and 
H. T. Brooks, Vatwre, 1901, 64, 157) by a diffusion method, taking 
advantage of the slow rate of decay of the radium emanation. From 
comparison of the rate of diffusion of gases of known molecular weight 
into one another, it was found that the molecular weight probably lies 
between 40 and 100. 

It seemed probable that an examination of the phenomena by 
chemical methods might throw light upon its nature, and the emana- 
tion produced by thoria was chosen as more suitable for the purpose 
than that produced by radium, on account of the obscurity still suar- 
rounding the chemistry of the latter, and the difficulty of producing 
material of even approximate uniformity of properties. Thoria, on the 
other hand, is an article of commerce, and specimens from different 
sources show surprising uniformity in this respect. 

During the progress of the work, the subject has acquired additional 
importance and interest through the discovery by Elster and Geitel 
(Phys. Zeit., 1901, 2, 590) that it is possible to produce excited radio- 
activity from the atmosphere, without further agency, by simply 
exposing a wire highly charged to a negative potential in the atmo- 
sphere for many hours, and that this also possesses the property of 
Zz 2 
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being dissolved off by acis, and of being left behind unchanged on 
the evaporation of the latter. But here again the rate of decay is 
‘different from that of the excited radioactivity produced by thoria, 
which is evidence for assuming that the two are probably not identical, 
although so strikingly analogous. However, the close connection 
between excited radioactivity and the emanation established in the 
case of thoria renders it probable that the excited radioactivity 
obtained from the atmosphere is caused by the presence there of an 
emanation or radioactive gas analogous to, although probably different 
from, the Thorium emanation. The discovery is likely, as Elster 
and Geitel point out, to have important bearings on the theory of 
atmospheric electricity, and in our opinion renders a close study of 
the thorium emanation the more imperative. 


The Chemical Aspect of the Question. 


The foregoing furnishes a short review of the physical side of the 
question at the present time. With regard to the chemical aspect, 
this has so far not been studied. The photographic method, almost 
the only one that has until now been used by chemists in the study 
of radioactivity, is not one which allows of the recognition and differen- 
tiation of an emanation as a component factor in producing the 
phenomena. The photographic method is of a qualitative rather than 
a quantitative character ; its effects are cumulative with time, and as 
a rule long exposures are necessary when the radioactivity of a feeble 
agent like thoria is to be demonstrated. In addition, Russell has 
shown that the darkening of a photographic plate is brought about 
also by agents of a totally different character from those under con- 
sideration, and, moreover, under very general conditions. Sir William 
Crookes (Proc. Roy. Soc., 1960, 66, 409) has sounded a timely note of 
warning against putting too much confidence in the indications of the 
photographic method of measuring radioactivity. The uncertainty 
of an effect produced by cumulative action over long periods of 
time quite precludes its use for work of anything but a qualitative 
character. 

Two or three chemists have studied the radioactivity of thoria, using 
the photographic method, without, however, distinguishing between the 
radioactivity due to the emanation and that due to the thoria itself. 
Sir William Crookes (Joc. cit.), who succeeded by an elegant method 
in separating and isolating the radioactive constituent of uranium, 
also describes some experiments on thorium compounds with the same 
object, but did not succeed in effecting a separation. A method based 
on the fractional precipitation of the sulphate failed completely, but 
another method, the fractional crystallisation of the nitrate, gave pre- 
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parations showing a difference in their photographic actions in the 
ratio of one to three. According to slight variations in the method 
employed, as, for example, whether a glass or a card bottom was used 
for the cell containing the substance to be tested (and both seem to 
have been employed), the radiation from the emanation would or 
would not contribute largely to the photographic action observed. 

Debierne (Compt. rend., 1900, 130, 906), working on a very large 
seale, obtained from pitchblende, by using reactions which would lead 
to the separation of thorium, a material different in its chemical 
properties from radium (barium) and polonium (bismuth), but consist- 
ing in great part of thorium. This preparation was 100,000 times 
more active than uranium, and he therefore assumed the existence of 
a new element, “actinium,” therein. He hazarded the suggestion 
that the radioactivity of thoria is due to the presence of the same 
substance, and derived support for this view from the recent work 
of one of us on the radioactivity of thoria, although on what grounds 
is not clear. 

In the course of their work on the atomic weight of thorium, Brauner 
(Trans., 1898, '73, 951) and Baskerville (J. Amer. Chem. Soc., 1901, 
28, 761), have obtained evidence of the presence of a foreign 
substance associated with thorium. The latter noticed that the 
separation, as he interpreted it, of this impurity reduced the photo- 
graphic action considerably, and he concluded that the pure material 
would be without photographic action. He employed a modification 
of Crookes’ photographic method, but it cannot be decided with 
certainty from the description whether the radiation from the emana- 
tion would be eliminated or not. 

The present work is concerned primarily with the radioactive 
emanation, although, of course, frequent occasion has arisen to examine 
correspondingly the ordinary radiation also. The methods employed 
are of an electrical character, based on the property generally 
possessed by all radiation of the kind in question, of rendering a gas 
capable of discharging both positive and negative electricity. These, 
as will be shown, are capable of great refinement and certainty. An 
ordinary quadrant electrometer is capable of detecting and measuring 
a difference of potential of at least 10-2 volts. With special instru- 
ments, this sensitiveness may be increased a hundredfold. An average 
value for the capacity of the electrometer and connections is 3 x 10-5 
microfarads, and when this is charged up to 10~? volts, a quantity of 
electricity corresponding to 3 x 10-18 coulombs is stored up. Now in 
the electrolysis of water one gram of hydrogen carries a charge of 
10° coulombs, Assuming, for the sake of example, that the conduction 
of electricity in gases is analogous to that in liquids, this amount of 
electricity corresponds to the transport of a mass of 3x 10-!® grams 
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of hydrogen, that is, a quantity of the order of 10-!* times that 
detected by the balance. For a more delicate instrument, this amount 
would produce an inconveniently large effect. 

The effects under investigation, from the nature of their manifesta- 
tion, may well be, and probably are, produced by quantities of matter of 
the order of magnitude described, and therefore altogether beyond the 
range of the balance. But to assume on that account that the 
subject is beyond the pale of profitable chemical investigation is need- 
lessly to limit the field of chemical inquiry. Although surpassing 
the spectroscope as a detective agent, as a quantitative instrument 
the electrometer is little inferior in accuracy to the balance. To take 
as an example the case of thoria mixed with zirconia, the former 
could be detected and accurately measured by means of its emanation 
with an electrometer, even although it were only present to the 
extent of one part in many thousands. A distinction must be made 
here between emanation and emanating power. The quantity of the 
former is what is measured by the electrometer. To express this in 
terms of weight, the emanating power, that is, the quantity of emana- 
tion produced by a given weight of the substance in question, must 
be known. As will be shown, this value varies with the previous 
history and present condition of the substance. 

The electrometer also affords the means of recognising and differ- 
entiating between the emanations of different chemical substances. By 
the rate of decay, the emanation from thorium, for example, can be 
instantly distinguished from that produced by radium, and although a 
difference in the rate of decay does not of itself argue a fundamental 
difference of nature, the identity of the rate of decay furnishes at 
least strong presumption of identity of nature. 

In the sense that has just been explained, the electrometer can be 
said to supply the investigation of the property of emanation with 
methods, so to speak, of quantitative and qualitative analysis which 
are simple and direct, and there is therefore no reason why the 
property in question, and even the nature of the emanation itself, 
should not be the subject of chemical investigation. 


Scope of Work. 


Of the great number of questions which immediately present them- 
selves for answer in an investigation of this kind, the following are at 
present claiming our more immediate attention. 

1. Is the power of producing an emanation a specific property of 
thorium, or is it to be ascribed to the presence of a foreign substance, 
possibly in minute amount, associated with it and amenable to chemical 
methods of separation } 
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2. Can the emanating power of “ de-emanated ” thoria be regenerated 
by chemical means } It has been mentioned that thoria, when intensely 
ignited, loses to a very great extent its power of giving an emanation. 
If such de-emanated thoria be subjected to a series of chemical changes, 
will it regain its emanating power or not? 

3. Does the emanation or radioactive gas itself possess any property 
which would associate it chemically with any known kind of gravita- 
tional matter % 

4, Is it possible to detect, by means of the balance, any loss in weight 
corresponding to- the continuous emission of the emanation or any gain 
in weight of bodies rendered radioactive thereby ? 

5. Does the chemistry of thorium present any peculiarity capable of 
being connected with its almost unique power of producing an 
emanation ? 

To interpret rightly the results obtained, a more or less complete 
study of the effect of chemical and physical conditions on the eman- 
ating power is necessary. The effect of the state of aggregation, the 
presence or absence of water, the influence of light, temperature, the 
nature of the surrounding atmosphere, the lapse of time since prepar- 
ation, &c., on the emanating power, as well as the differences in this 
property exhibited by different compounds, have been investigated, 

The present communication does not attempt a full answer to all 
the above questions. The results so far obtained in answer to the first 
three will be presented. The work on the fourth is in progress, whilst 
the results of the investigation of the fifth question will be most 
conveniently given later in a separate communication. 


Electrometer Method of measuring Emanating Power and Radioactivity. 


The term radioactive is now generally applied to a class of sub- 
stances, like uranium, thorium, radium, and polonium, which have the 
power of spontaneously giving off radiations capable of passing 
through thin plates of metal. The radiations are in some cases very 
complex, but in the case of the substances mentioned, a portion at 
least of the radiation is similar in all respects to easily absorbed 
Rontgen rays. The characteristic and general property possessed by 
these radiations is to produce, from the gas through which they pass, 
positively and negatively charged carriers, which in an electric field 
travel to the negative and positive electrodes respectively. In this 
way,@ small current is able to pass through a gas exposed to the radia- 
tions, even with a very weak electric field, and the measurement of 
this current by means of the electrometer affords a means of com- 
paring the intensities of radiation. 

As has been mentioned, compounds of thorium (and radium), in 
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addition to radiations which travel in straight lines, emit radioactive 
emanations, which behave in all respects like a temporarily radioactive 
gas, and diffuse rapidly through porous substances, as, for example, 
thick cardboard, which are completely opaque to straight line radiation. 
Each particle of the emanation behaves as if it were a radiating centre, 
producing charged carriers throughout the gas in its neighbourhood. 
The emanation passes through plugs of cotton wool and can be bubbled 
through liquids without appreciable loss of radioactivity, whereas the 
charged carriers, produced by the emanation in common with the 
straight line radiation from radioactive substances, on the contrary, 
completely disappear on passing through a plug of cotton or glass wool, 
or by bubbling through liquids. The means of eliminating the effects 
of the straight line radiation and of measuring the amount of the 
emanation alone thus suggest themselves. Air passed over uranium 
or other non-emanating radioactive substance will no longer conduct a 
current after passage through cotton wool. The conductivity in the 
case of thorium, however, will persist, and afford a measure of the 
amount of emanation present. 

Fig. 1 shows the experimental arrangement for comparing the 
emanating power of substances. These are placed in the form of fine 
powder in a shallow lead vessel inside the glass cylinder, C, 17 cm. in 
length and 3°25 cm. in diameter, provided with indiarubber corks. A 
current of air from a large gas-bag, after passing through a tube con- 
taining cotton wool to remove dust particles, bubbled through sulphuric 
acid in the vessel, A. It then passed through a bulb containing tightly 
packed cotton wool to prevent any spray being carried over. The 
emanation mixed with air was carried from the vessel C through a plug 
of cotton wool, D, which completely removed all the charged carriers 
carried with the emanation. The latter then passed into a long, brass 
cylinder, 75 cm. in length and 6 cm. indiameter. The cylinder insu- 
lated on paraffin blocks was connected to one pole of a battery of small 
lead accumulators, the other pole of which was connected to earth. 
Three electrodes, Z, F, H, of equal length were placed along the axis of 
the cylinder, supported by brass rods passing through ebonite corks in 
the side of the cylinder. The current through the gas, due to the 
presence of the emanation, was measured by means of a Kelvin quad- 
rant electrometer of the White pattern. The electrometer and the 
connections were suitably screened by means of wire gauze connected 
to earth. An insulating key was arranged so that either of the elec- 
trodes Z, F, H, or all of them together, could be rapidly connected to 
one pair of quadrants of the electrometer, the other two being always 
connected to earth. 

The insulation of the electrodes was first tested by sending a current 
of air through the apparatus without any emanating material in C, 
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The rate of movement of the 
electrometer needle was ac- 
curately observed. On placing 
the emanating substance in 
C and continuing the air 
current for several minutes at 
a constant rate, the current 
due to the emanation reached 
a steady state. On separating 
the quadrants of the electro- 
meter, the deflection from 
zero increased uniformly with 
time. The time taken to pass 
over 100 divisions of the scale 
was observed with a stop- 
watch. The number of di- 
visions passed over per second 
may be taken as a measure of 
the current through the gas. 

With this apparatus, the 
emanation from 10 grams of 
ordinary thorium oxide pro- 
duces a current of 3°3 x 10-4 
amperes between the three 
electrodes connected together 
and the cylinder. With the 
electrometer working at aver- 
age sensitiveness, this corre- 
sponded to a deflection of 100 
divisions of the scale in 12 
seconds, so that one-hundredth 
part of this current could be 
readily measured, that is, the 
emanation produced by one- 
tenth of a gram of thorium 
oxide. 

An electrometer one hun- 
dred times more sensitive than 
this failed to detect the pres- 
ence of an emanation or radio- 
activity in the oxides of tin, 
zirconium, and titanium, the 
other elements of the same 
group in the periodic table, 


Fig. 1. 


Earih. 


Froin Gasometer. 
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Variation of the Current with Voltage.—The current through the 
gas observed with the electrometer at first increases with the voltage, 
but a stage is soon reached when there is a very small increase for a 
large additional voltage. This is one of the most characteristic pro- 
perties of conducting gases. For small voltages, only a small pro- 
portion of the charged carriers reach the electrode, on account of their 
recombination throughout the volume of the gas. When the electric 
field is increased until all the carriers reach the electrode before any 
appreciable recombination can occur, the current is at a maximum, 
and remains constant for large increases of voltage, provided, of 
course, that the electric field is below the value necessary for a 
spark to pass. In the experimental case, a pressure of 50 volts 
was found sufficient to give the maximum current betweén the 
electrodes. 

This property of conducting gases allows us at once to make sure 
that the insulation of the electrodes is perfect at all stages of a long 
experiment ; 100 volts applied instead of 50 to the cylinder should 
give the same current if the insulation is unaffected. 

Rate of Decay of the Radiation from the Emanation.—The three 
electrodes, Z, 7, H, were used to compare the “ rates uf decay ” of the 
radiations from the emanations of different substances. In the 
previous papers quoted, it has been shown that the radiating power of 
the thoria emanation falls to half its value in about a minute. In 
consequence of this, the current observed for the electrode Z is greater 
than for electrode, H. Knowing the velocity of the current of air 
along the cylinder and the respective currents to the electrodes Z, F, 
H, the rate of decay of the radiation can be readily deduced. If, 
however, we merely require to compare the rate of decay of one 
emanation with another, it is only necessary to compare the ratio of 
the currents to the electrodes 2, 7, H in each case, keeping the 
current of air constant. If the ratio of the currents is the same we 
may conclude that the radiating power of each diminishes at the same 
rate. The comparison of emanation is thus rendered qualitative as 
well as quantitative. In most of the experiments, the current to the 
electrode Z, was about twice that to the electrode H; the velocity 
of the current of air along the cylinder was thus about 0°8 cm. a 
second. 

Comparison of Emanating Power.—The experiments in all cases on 
the amount of emanation from different substances are comparative. 
The standard of comparison was usually a sample of 10 grams of 
thoria as obtained from the maker, which gave out a conveniently 
measurable quantity of emanation. Preliminary experiments were 
made to find the connection between the weight of thoria and the 
amount of emanation as tested in the cylinder. The following 
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numbers show that the amount of emanation is directly proportional 
to the weight of the substance : 


Divisions of 


Weight of thoria. scale per second, 
2 grams. 1-41 
a 2°43 
_ « 6°33 
ae 13°2 


This result shows that within the limit of accuracy desired we may 
take the amount of emanation as directly proportional to the weight 
of the substance. The determinations in the above table were made 
with the three electrodes connected together with the electrometer, 
and with a constant flow of air. The lead vessel in which thé thoria 
was placed was 7°4 by 3°5 cm. in area and 3 mm. deep. In the com- 
parison of emanating power, the maximum current between the elec- 
trodes for the standard 10 grams of thoria was first observed. This 
was removed and a known weight of the specimen to be tested was 
substituted, and the deflections again observed after the conditions 
had become steady. 

If d,=No. of divisions per sec. for a weight, w,, of thoria ; 


d,= - = w,, of the specimen ; 
then 
Emanating power of specimen dw, 
Emanating power of thoria ~ d,w, 


The values d, and d, are corrected, when necessary, for natural leak- 
age, that is, the current which passes under similar circumstances when 
no emanating material is present. This current is chiefly made up of a 
leakage due to conduction over the ebonite, as well as the current 
produced by the excited radioactivity which has collected on the nega- 
tive electrode during the course of the day’s experiments. It is 
generally very small, and the correction is only necessary when a 
specimen of substance almost free of emanation is being tested. 

An example taken at random from the note-book will serve to 
illustrate the method of calculating the results, the emanating power 
of the comparison sample being considered 100 per cent. : 


Dec. Tth, 11 a.m.—Natural leakage ...... 10 divisions in 50” 
0°20 - 1’ 
5 grams comparison sample ThO, ...... 100 - 23°5” 
36 ,, ThO, ignited 24 hours over 
Bunsen burner in platinum crucible 50 ” 35:2” 
d, = 4°25, corrected for nat. leakage = ............0.ssseees 4°05 
Dy LADS ..rcceceecsrscceseegececeneeneseeeseneseneeeoeaneness 1:22 
dw, 


= 0°42, or 42 per cent, 
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Comparison of Intensity of Straight Line Radiation, 


It was frequently of interest to obtain information about the 
intensity of the ordinary radiation correspondingly with measurement 
of emanating power. In order to do this rapidly and accurately, the 
following method was used. Fig. 2 shows the general arrangement. 
0°1 gram of the compound to be tested was reduced to fine powder and 
uniformly sifted over a platinum plate 36 sq. cm. in area. 

This plate was placed on a large metal plate connected to one pole 
of a battery of 300 volts, the other pole of which was earthed. An 
insulated parallel plate was placed about 6 cm. above it, and the whole 
apparatus enclosed in a metal box connected to earth, to prevent 
electrostatic disturbance. The shaded portions in the figure represented 


Fie. 2. 


f Earth. 


ae 


Radioactive Material. 


ed 
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insulators. A door was made in the apparatus so that the plate could 
be rapidly placed in position or removed. The current between the 
plates is observed in the usual way with the electrometer. The ratio 
of the currents for two substances is a comparative measure of,their 
radioactivity. It is only possible to compare together with certainty 
substances of similar density and state of division,—a light, floury 
material will tend to give lower values than a dense powder. 

If a substance gives off an emanation, the current between the 
plates increases with time. Under these conditions when the thoria 
is exposed in thin layers with a maximum of radiating surface, all but 
1 or 2 per cent. of the total effect is due to the straight line 
radiation ; even when the effect due to the emanation has attained its 
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maximum, this constitutes a very small percentage of the whole. This 
effect, however, may be to a large extent eliminated by taking the 
current between the electrodes immediately after the material is 
placed in the testing apparatus, or by passing a current of air 
between the electrodes to remove the emanation, and prevent it 
accumulating. 

It is thus possible to compare intensity of radiations with an error 
not exceeding 1 or 2 per cent.,and with great rapidity, and in these 
respects the electrical method is altogether superior to the photo- 
graphic. 

Comparison of Emanating Power.—The apparatus (Fig. 2) described 
for the comparison of radiations, can also be quite well employed for 
a comparison of emanating power. In this case, a thick layer of 
thoria (several grams) is spread over the plate and covered with two 
thicknesses of ordinary paper. This has been found almost completely 
to stop the straight line radiation, whilst allowing the emanation to 
pass through unimpeded. The current is now measured when a steady 
state has been reached, due to the accumulation of the emanation. 
This takes some time, and draughts of air must be guarded against. 
For this reason, it is less convenient than the method first described, 
but the results obtained by the two methods are almost exactly the 
same. Thus a sample of “de-emanated” thoria which gave 12 per 
cent. of the emanating power of the comparison sample by the first 
method. gave 13 per cent. by the second method, whilst a sample of 
oxide prepared from thorium oxalate gave 37 per cent. and 39 per 
cent. by the two methods respectively. The close agreement in the 
values by methods so completely different in character is a proof that 
the indications of the methods are worthy of a great degree of 
confidence. 


The De-emanation of Thoria and the Regeneration of the 
Emanating Power. 


The emanating power of thoria, as has been stated, is destroyed to a 
large extent by intense ignition. A closer study of this is the first 
step in the investigation of the phenomenon. Previous experiments 
had not succeeded in completely de-emanating thoria, although a 
reduction to about 15 per cent. of its original value had been 
accomplished. A sample of this preparation which had been kept for 
two years had not altered from this value. An experiment was 
performed in which thoria was heated to the highest temperature 
which could be safely employed with platinum vessels: (1) in a thin 
layer in a large platinum dish, and (2) in bulk in a small platinum 
crucible placed inside the dish, The two were heated together by 
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means of a powerful gasoline furnace for one hour. The temperature 
was such that the fireclay walls fused, and the pipeclay of a triangle 
showed signs of having been softened. It was found that the sample 
that had been heated in a thin layer in the dish retained about 16 per 
cent. of its original emanating power, whilst the other sample retained 
about 8 per cent. There is thus no advantage in heating in thin 
layers, in fact rather the reverse, for the sample showing 16 per cent. 
again heated to a slightly lower temperature for half-an-hour in a 
small crucible was reduced to 12 per cent. 

Jn another experiment, a small platinum crucible filled with thoria 
was heated for half-an-hour in a small furnace by a large blowpipe and 
powerful pair of bellows. Some asbestos wool had completely fused 
on the outside of the crucible, and the temperature was probably but 
little lower than in the previous experiment. This sample also 
retained about 8 per cent. of its emanating power. No further 
attempt has yet been made to completely destroy the emanating 
power. 

A small quantity of thoria heated in a platinum crucible in the open 
over an ordinary small sized blowpipe and bellows for five minutes 
retained about 45 per cent. of its emanating power. The effect of time 
as well as of temperature was studied by heating about equal quantities 
in a platinum crucible over an ordinary Bunsen burner for different 
periods, 


Heated 10 minutes Emanating power = 61 per cent. 
i 1 hour ” = 59 ,, 
» 24 hours m = 42 , 


It thus appears that there is a large and practically sudden decrease 
of emanating power for each temperature above a red heat, followed 
by a very gradual decrease with time when the temperature is main- 
tained ; thus five minutes on the blowpipe, whilst much more effective 
than the same time at the temperature of the Bunsen burner, pro- 
duced rather less effect than 24 hours at the latter temperature. 

Effect of Moisture.—The next point to be examined was whether the 
loss of emanating power could be attributed to a loss of water and 
desiceation of the thoria by ignition. A sample of de-emanated thoria 
(retaining about 14 per cent.) was placed in the middle of a Jena 
glass tube, one end of which was closed and contained water, the other 
end being drawn out to a jet. This was supported in a powerful tube 
furnace in a sloping position, and the part containing the thoria 
heated to the highest possible temperature, while a slow current of 
steam from the water at the end was passed over it, escaping by the 
jet. When all the water had evaporated, the jet was drawn off and 
the tube allowed to cool in an atmosphere of steam free from air. 


es 
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The thoria, on testing, was found to have been lowered in emanating 
power to about 7 per cent. The further heating had thus reduced the 
emanating power without the steam having at all regenerated it. 

In the next experiment, the reverse process was tried. Two exactly 
parallel processes were carried out for ordinary thoria possessing the 
normal amount of emanating power. In the first, it was heated in a 
porcelain tube in the tube furnace for three hours, while about 500 c.c, 
of water were distilled over it from a retort. In the second, another 
quantity of thoria was heated in exactly the same way for the same 
time, only a current of well dried air was substituted for the steam. 
The result was conclusive: each sample had had its emanating power 
reduced to exactly the same amount, that is, about 50 per cent. of the 
original, 

These experiments prove that water vapour exerts no influence 
either in de-emanating thoria or in effecting a recovery of its lost 
emanating power. 

The Regeneration of the Emanating Power by Chemical Processes.— 
The task of subjecting de-emanated thoria to a series of chemical 
changes to see if it would recover its lost emanating power was then 
undertaken. 

It may first be mentioned that thoria which has been subjected to 
ignition has changed very materially in chemical and physical proper- 
ties. The pure white colour changes at temperatures corresponding 
to the first stages of de-emanation to a light brown, and after subjec- 
tion to the very highest temperatures to a pure pink. At the same 
time, as has been observed before, the solubility of the substance in 
sulphuric. acid is greatly diminished. A part always. obstinately 
refuses to dissolve, even after long and repeated boiling with the con- 
centrated acid, although this part is diminished by each successive 
treatment and appears to be in no way different from the rest of the 
substance. No difference, however, occurs in the readiness with 
which chlorine attacks it when intimately mixed with carbon. The 
formation of the chloride by this method is the easiest way of 
dissolving ignited thoria, 

Two quantities of the same de-emanated thoria were converted, the 
one into chloride and the other into sulphate, by the usual methods, 
and from each.of these the oxalate was formed by precipitation of 
the acid solution with oxalic acid. Parts of the oxalates were then 
converted into oxides by heating over the Bunsen burner. In both 
cases there was a very marked recovery in emanating power; the 
oxide obtained from the sulphate had about 40 per cent., that from 
the chloride about 55 per cent., whereas the de-emanated thoria 
from which they were both produced had about 13 to 14 per cent. of 
the emanating power of thoria. ‘The oxalates from which the oxides 
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were formed each had about 11 per cent. of the power, and in converting 
them into oxides it was ascertained by a direct trial that too high a 
temperature had been employed and the thorium oxide had suffered 
partial de-emanation. At this time also, it was beginning to be 
realised that the emanating power was a quantity which varied, not 
only with the nature of the chemical compound, but also for the same 
compound very materially with its previous history. Thus the oxide 
from the oxalate does not possess as a rule so great an emanating 
power as that used for comparison, which would account for the above 
result. The following two exactly parallel experiments were therefore 
made, the one with ordinary, and the other with de-emanated thoria 
possessing 9 to 10 per cent. of the emanating power of the first, 
Each was converted to chloride in the ordinary way, by mixing with 
sugar solution, carbonising, and igniting the mixture of oxide and 
carbon so obtained in a current of dry chlorine. Each sample was 
then treated with water, the thorium precipitated as hydroxide with 
ammonia, and the hydroxides washed and dried at 110°. The 
hydroxide prepared from the de-emanated thoria possessed 128 per 
cent., that from the ordinary thoria 108 per cent. of the emanating 
power of ordinary thoria, when tested immediately after drying. 
Now a sample of hydroxide previously obtained had shown no less 
than three times the emanating power of ordinary thoria, The 
specimens were therefore tested again after having been kept for four 
days in loosely corked tubes. They now showed 157 per cent. and 139 
per cent. respectively. The emanating power was thus increasing, so 
both specimens were exposed side by side in open watch glasses under 
a sheet of glass to keep off the dust. The result is again conclusive: 


From de-emanated ThO,. From ordinary ThO,. 
After nine days......... 253 per cent. 253 per cent. 
After three more days 259 * 259 - 


Thus the process of de-emanating thoria by ignition does not irre- 
trievably destroy the emanating power, for after solution and repreci- 
pitation no difference whatever exists in the emanating power between 
ordinary and de-emanated thoria. 

The results also bring out another point,—the marked effect of 
time and exposure to air in increasing the emanating power of thorium 
hydroxide. This will be examined more fully later. 

A fair conclusion from these experiments is that the cause of the 
emanating power is not removed by ‘guitiin, but only rendered for 
the time being inoperative. 

Radioactivity of De-emanated Thoria.—The “ straight line” radiation 
of thoria, de-emanated as completely as possible by ignition, was com- 
pared with that of ordinary thorium oxide by the method described, 
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It was found that within the limits of error no difference whatever 
could be detected between them. This result serves to bring out the 
fact that the power of thoria to give an emanation is independent of 
its power to give a direct radiation. 


Is the Emanating Power a Specific Property of Thorium ? 


Having shown that the de-emanation of thoria by the processes 
described consists rather in a temporary obliteration of the effect than 
in a removal of the cause producing it, the next question to be con- 
sidered is whether it is possible to remove from thorium compounds 
by chemical methods any constituent to which the property of emanat- 
ing power can be traced.- 

The thoria used in the investigation is that supplied by Messrs. 
Eimer and Amend of New York, and is obtained from monazite sand 
by a secret process. It, of course, does not consist of pure thoria, 
although from superficial investigation it appears to be of excellent 
quality. There is a small quantity of a substance present which can 
be precipitated by sodium phosphate after removal of the thorium as 
hydroxide by ammonia, the nature of which is at present under investi- 
gation. The most noticeable impurity is about 1 per cent of thorium 
sulphate. Careful washing completely removed this impurity, andthe 
emanating power of the washed sample was identical with the 
ordinary. The impurity may therefore be disregarded for present 
purposes. 

Emanating power is not confined to thorium from any particular 
source. Orangeite and thorite from Norway both possess it as well as 
monazite sand from Brazil. A specimen of thoria prepared from 
orangeite by the ordinary processes possessed about the same emanating 
power as that obtained from monazite sand by the secret process. 

A quantity of thorium oxide was converted into the anhydrous 
sulphate and dissolved in iced water. The temperature was allowed 
to rise and the hydrated sulphate precipitated in four fractions, a fifth 
being obtained by evaporation of the mother liquor to dryness. 
These showed no marked difference in emanating power among them- 
selves, The first fraction was dehydrated and again submitted to 
fractional precipitation as hydrated sulphate. The first fraction of the 
hew series—designated fraction AA—was then compared in the 
following manner with the mother liquor fraction of the first series— 
designated as fraction E. Both were dehydrated, dissolved in water, 
and precipitated as hydroxide by ammonia, washed and dried under 
the same conditions, and compared together at regular intervals with 
a comparison sample of ordinary thoria. 
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Fraction AA. Fraction E. 
BS Bane «06 cicssesces cree 203 per cent. 200 per cent. 
Biiae 1 Gag. snviccesrcss. 240 = 249 a 
After 13 days ......... 316— i, 321 Si, 
After 43 days ......-.. 352 ‘6 372 - 


The differences are too small to afford any indication of separation 
of the emanating material. 

The straight line radiations of the two fractions tested in the 
apparatus (Fig 2) also proved to be identical. 

It was obviously useless trying any further fractionations by this 
method. Since there was no appreciable difference in either property 
in the fractions tried, there was nothing to be gained in a further re- 
petition, These results completely accord with those of Sir William 
Crookes (Joc. cit.), with which, however, we were not acquainted until 
after our own experiments had been performed. 

Another method for the purification of thoria, employed by Dennis 
(J. Amer. Chem. Soc., 1896, 18, 947), the precipitation of the hydroxide 
by potassium azoimide, was next tried. The latter reagent was pre- 
pared by Thiele’s method (Annalen, 1892, 270, 1) from diazoguanidine 
nitrate. Hydrazoic acid partially neutralised with potash precipitates 
thorium hydroxide from the boiling solution of a thorium salt. This 
hydroxide, compared with a sample which had been precipitated with 
ammonia in the ordinary way, showed similar emanating power. 

These results, which fail to give any indication of a separation of the 
emanating material by chemical means, taken in conjunction with 
those already described in the preceding section on the regeneration of 
the emanating power in de-emanated thoria, certainly seemed to point 
to the conclusion that the power of giving an emanation is really a specific 
property of thorium. Recent results, which will be given in the last 
section (p, 343), put the question in a fresh light. 


Effect of Conditions upon Emanating Power. 


Before any further work was undertaken, it was necessary to make 
a close study of the influence of conditions upon the emanating power 
of thorium compounds. 

Effect of Temperature.—The effect of increase of temperature on the 
emanating power of thoria has already been fully investigated by one 
of us (Phys. Zeit., 1901, 2, 429). The results stated briefly show that 
an increase in temperature up to a certain limit, in the neighbourhood 
of a red heat, correspondingly increases the emanating power. At 
the maximum, this is between three and four times the value at the 
ordinary temperature, and is maintained at this increased value for 
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several hours without any sign of diminution with time. When the 
thoria is allowed to cool, the emanating power then returns to the 
neighbourhood of the normal value. If, however, the limit of temper- 
ature given is exceeded, de-emanation sets in, and even while the 
high temperature is maintained, the emanating power falls rapidly 
to a fraction of its former value. On cooling, the substance is found 
to be more or less de-emanated. It is of interest that no increase 
of emanating power is observed when de-emanation commences. 

These experiments were extended to include the effects of cooling. 
The platinum tube which contained the thoria was surrounded with a 
felt jacket containing a mixture of solid carbon dioxide and ether. The 
emanating power immediately fell to 10 per cent. of its former value. 
On removing the cooling agent, it again rose quickly to nearly its 
normal value. 

In another experiment, some thoria was surrounded in a platinum 
crucible with a mixture of solid carbon dioxide and ether, and 
kept in a vacuum for several hours. On removing it and allowing its 
temperature to rise, it possessed much the same value as an ordinary 
sample, and after standing some time in the air it was again tested and 
no difference could be detected between the two, 

Thus changes in temperature produce very marked simultaneous 
changes in emanating power, but between the limits of —110° and an 
incipient red heat no permanent alteration in the value occurs, 

Effect of Moisture.—Dorn (loc. cit.) had noticed that moisture pro- 
duced a moderate increase in the power of thoria of giving an emana- 
tion, and of exciting radioactivity on surrounding surfaces. We have 
confirmed and extended his results by the following experiments. 

Two similar weights of ordinary thoria were exposed in jars sealed 
with wax, the one containing sulphuric acid and the other water, for 
a period of 4 days. The desiccated sample showed 54 per cent. and 
the sample exposed to water vapour 134 per cent. of the original 
emanating power. The experiment was repeated and the samples left 
for a week with much the same result : 70 per cent. and 141 per cent. 
respectively. It was of interest to see if a more complete desiccation 
would further reduce the emanating power. Five grams of thoria 
were sealed up in a tube containing phosphoric oxide, the two sub- 
stances being separated by a plug of glass wool. Before sealing, the 
tube was exhausted by a Tépler mercury pump. After 26 days, the 
end of the tube was connected with a closely packed phosphoric oxide 
tube, the tip broken off inside the connection, and a slow stream of 
dried air thus allowed to enter. The other end was connected to the 
testing cylinder, and arrangements were made to send a stream of 
air through into the cylinder. When all was ready, this end of 
the tube was broken inside the connection, and the emanating power 
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measured. A similar experiment made with an ordinary sample of 
thoria, using the same arrangement, showed that the desiccated 
sample possessed 79 per cent. of the emanating power of the ordinary 
sample tested under the same conditions, 

A sample of thoria sprayed with water gave 125 per cent. of its 
original emanating power. If completely flooded with water, however, 
the value is much reduced, as would be expected from the reduction of 
surface. 

Another trial was made, in which thoria was flooded with concen- 
trated sulphuric acid. Hardly any emanation was observed so long as 
the mixture remained undisturbed, but when vigorously shaken it gave 
nearly one-half of the original emanation. 

These experiments show that the presence of water, although pro- 
ducing a marked increase, is not apparently essential for the produc- 
tion of the phenomena. It must be mentioned, however, that thoria 
only ceases to lose weight after prolonged ignition with the blowpipe, 
that is, under conditions which nearly destroy its emanating power. 
This, with analogous points, will be taken up, however, in a separate 
communication on the more purely chemical side of the question. 

The results of some experiments on the effects of other conditions 
may be shortly tabulated. In each case the sample was exposed to the 
conditions given for 4 days. The emanating power is that possessed 
at the end of this period, compared with that of the first sample, which 
is regarded as 100 per cent. : 


1. Kept in sealed test-tube enclosed completely 


SEE GUE > dinccencvncexessunen saueeneeieees 100 per cent. 
2. Taken from tightly stoppered stock bottle 
containing the main quantity ............6+ 100 - 
3. Sealed up in test-tube and exposed to bright, 
SE WOR c indcsicreiconcisescanaisabeeeiel 100 99 
4, Exposed to the air of the laboratory in open 
ND rcicicrocsesecscssesangsrensennets 105 9 
5. Kept in a continuous stream of ordinary 
air WHTTTTTITITLT ITT PTITTITITELIET TET 88 ” 


The last experiment was made ata different time from the other 
four, and therefore is not strictly comparable. The most useful 
result attained is that thoria does not change in emanating power 
when kept in closed vessels under different conditions, but when 
exposed to the air the emanating power varies within comparatively 
narrow limits. 

Thorium. Hydroxide.—The effect of time on the emanating power 
of the freshly prepared hydroxide already mentioned is one of the 
most striking observations in this connection. The following addi- 
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tional experiments have been made on this point. A quantity of 
hydroxide was prepared, and separate portions subjected to different 
drying temperatures and subsequent conditions, as follows : 


Emanating power. 
1. Dried at 110° and exposed some hours to 


GREG incccsvdsienusicteseantetionibserieivenven 264 per cent. 
2. Dried as before at 110° and kept in desic- 

IE Te II ncecinsecsecas. epvecsesessaras 226 Ps 
3. Dried at 200° and kept in desiccator......... 220 - 
4, Dried at 250° and kept in desiccator......... 219 ” 


From this, it appears that the additional loss of water caused by 
exposure to increasing temperatures is without effect on the emanating 
power. 

A similar experiment to that described for thorium oxide was per- 
formed with the hydroxide. Two quantities were exposed in closed 
bottles to the action of moist air and of air dried with sulphuric acid re- 
spectively, and showed, after 4 days, emanating powers of 394 per cent. 
and 307 per cent. After having been exposed to the air for 24 
hours, these samples showed 350 per cent. and 324 per cent. 
respectively. 

The next experiment was designed to include the effect of carbon 
dioxide, which the hydroxide absorbs from the air to the extent of 
2 per cent. of its weight. A quantity of hydroxide was tested 
immediately after preparation, and possessed 140 per cent. emanating 
power. A sample was sealed up ina test-tube, while another similar 
sample was tested in the following manner. It was exposed to a 
current of moist carbon dioxide for an hour, and then possessed an 
emanating power of 156 per cent. It was then left exposed to the 
air of the laboratory and tested at intervals : 


After 2 days .......cccccccocceees Emanating power 263 per cent. 
pW ge Ben nsetttenssesesenes " 325 * 
jg BP | tesencsereerscoecnces * 300 - 
pp BE te | tes detVeentstosousnes *” 341 » 
ce WD th eetohasetisecatacees ” 362 - 


On the last day, the sealed up specimen was opened and examined, 
and was found to possess an emanating power of 298 per cent. These 
experiments show that if the air is fundamental in producing the in- 
crease of emanating power with time, a very limited quantity of it is 
effective. For the present, it is perhaps better to consider it as an 
effect of time simply, hastened no doubt by the presence of water 
vapour, 
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On the Chemical Nature of the Emanation. 


The following work has reference to the emanation itself and not to 
the material producing it, and was designed to see whether the 
emanation possesses chemical properties which would identify it with 
any known kind of matter. It had been noticed at the time of its dis- 
covery that it passed unchanged through concentrated sulphuric acid. 
The same holds true of every reagent that has been investigated. 

The effect of temperature was first tried. The air containing the 
emanation, obtained in the usual way by passage over thoria, was led 
through the platinum tube heated electrically to the highest attainable 
temperature, and also through the tube cooled by solid carbon dioxide 
and ether. The tube was then filled with platinum black, and the 
emanation passed through in the cold, and with gradually increasing 
temperatures, until the limit was reached. The effect of the intense 
heat was to convert the platinum black completely into platinum sponge. 
In another experiment, the emanation was passed through a layer of 
red hot lead chromate in a glass tube. The current of air was replaced 
by a current of hydrogen and the emanation sent through red hot 
magnesium powder, and red hot palladium black, and, by using a 
current of carbon dioxide, through red hot zine dust. In every case, 
the emanation passed without sensible change in the amount. If 
anything, a slight increase occurred, owing to the time taken for the 
gas current to pass through the tubes when hot being slightly less 
than when cold, the decay en route being consequently less. It will be 
noticed that the only known gases capable of passing in unchanged 
amount through all the reagents employed are the recently discovered 
gases of the argon family. 

But another interpretation may be put upon the results. If the 
emanation were the manifestation of excited radioactivity on the 
surrounding atmosphere, then since from the nature of the experiments 
it was necessary to employ in each case, as the atmosphere, a gas not 
acted on by the reagent employed, the result obtained might be 
explained. Red hot magnesium would not retain an emanation con- 
sisting of radioactive hydrogen, or red hot zinc dust an emanation 
consisting of radioactive carbon dioxide. The correctness of this 
explanation was tested in the following way. Carbon dioxide was 
passed over thoria, then through a T-tube, where a current of air met 
and mixed with it, both passing on to the testing cylinder. But 
between this and the T-tube, a large soda-lime tube was introduced, 
and the current of gas thus freed from its admixed carbon dioxide 
before being tested in the cylinder for emanation. The amount of 
emanation found was quite unchanged, whether carbon dioxide was 
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sent over thoria in the manner described, or whether an equally rapid 
current of air was substituted for it, keeping the other arrangements 
as before. The theory that the emanation may consist of the 
surrounding medium rendered radioactive is thus excluded, and the 
interpretation of the experiments must be that the emanation is a 
chemically inert gas analogous in nature to the members of the argon 
family. 

It is perhaps early to discuss these results from a theoretical point 
of view, although it appears certain that an explanation of the nature 
of the emanation must precede, as a necessary step, any hypothesis put 
forward to account for emanating power. The explanation already 
advanced and disproved being left out of the question, two other 
views of the origin and nature of the emanation are still possible. It 
may be that one of the inert constituents of the atmosphere is rendered 
radioactive in the presence of thoria and so constitutes the emanation. 
The actual amount being probably extremely small, and air being a 
constant impurity in all gases as ordinarily prepared, it is of course no 
argument against this view that emanating power is independent of 
the gaseous medium surrounding the emanating material. An 
experiment is in progress, however, to ascertain whether emanating 
power persists in a current of gas as free from air as present methods 
of preparation allow. The other alternative is to look upon the 
emanation as consisting of a gas emitted by the thorium compound. 
It is not necessary that such should contain thorium, it might con- 
ceivably be an inert gas continuously emitted in the radioactive state. 

In the present state of knowledge, it would be premature to attempt 
to choose between these two alternatives. But in any decision of this 
point, the work already given on the regeneration of the emanating 
power of thoria de-emanated by ignition, the continuous loss of 
emanating power by successive ignition at increasing temperatures, 
and the increase in the chemical activity of thorium hydroxide with 
time, must be taken into consideration. 


Concentration oy the Radioactive Material. 


Since the preceding account was written, developments have been 
made in the subject which completely alter the aspect of the whole 
question of emanating power and radioactivity. The first has 
reference to thorium nitrate, which in the solid state hardly possesses 
any emanating power. In a careful determination, using 20 grams of 
the finely powdered commercial salt, this worked out to be only 
18 per cent. of the emanating power of thoria. Dissolved in water, 
however, and tested for emanation by bubbling a current of air 
through it, it gives about three times as much emanation as thorium 
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oxide. That is, solution in water increases the emanating power of 
thorium nitrate nearly 200 times. The emanating power, as in the 
case of solids, is proportional to the weight of substance present, and 
within the limits tried is not much affected by dilution, for a solution 
of 10 grams made up to 25 ¢.c. in volume possessed a similar value 
when diluted four times. 

Solutions of thorium chloride also give a large amount of 
emanation. 

In these experiments, the cylinder C (Fig. 1) is replaced by a 
Drechsel bottle. A drying tube of calcium chloride is inserted 
between it and the testing cylinder to prevent the moisture destroying 
the insulation of the latter. In this connection, the method of testing 
the insulation by varying the voltage is invaluable. The air current 
under these circumstances cannot of course be kept so constant as 
when working with solid substances, and the results are not strictly 
comparable in consequence, but the arrangement works well enough 
for a first approximation. 

Simultaneously with this observation of the latent emanating power 
of thorium nitrate, it was noticed that preparations of thorium 
carbonate varied enormously in emanating power according to their 
method of preparation. A sample prepared from the nitrate by 
complete precipitation with sodium carbonate showed an emanating 
power of 370 per cent. of that of the ordinary oxide, and this value 
remained fairly constant with time. In another experiment, the 
precipitated carbonate was partially redissolved in nitric acid, and the 
redissolved fraction completely reprecipitated with ammonia as hydr- 
oxide. The result was remarkable: the carbonate had an emanating 
power of only 6 per cent., the hydroxide one of 1225 per cent. of 
that of the ordinary oxide. On repeating the experiments, both 
fractions proved almost equally inactive, the carbonate showing 14 per 
cent, and the hydroxide 19 per cent. of the emanating power of thoria. 
An even greater difference between these two similar experiments was 
observed in the effects of time on the different preparations. In the 
first, the carbonate did not alter in value in 7 days, whilst the 
hydroxide steadily decreased : 


Hydroxide, Carbonate. 
eee 1225 per cent. 6°2 per cent. 
After 1 day............ 1094 —=C«,, 84 , 
After 4 days ......... 696s, 6. « 
After 7 days ......... 614 o 4°7 ¢ 
After 14 days ......... 473 yy — 


In the second experiment, the emanating power of both the carbonate 
and hydroxide had increased many fold when tested 11 days later, and 
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the former now possessed 109 per cent., the latter, 273 per cent. 
(originally 14 per cent. and 19 per cent. respectively). 

The straight line radioactivity of the carbonate from the first ex- 
periment which possessed such -a low emanating power is of interest. 
It proved to be similar to that of a specimen of hydroxide of normal 
emanating power, which it resembled in density and state of division. 
After having been kept 7 days without showing any sign of re- 
covering its emanating power, it was redissolved in nitric acid, and 
reprecipitated with ammonia as hydroxide. The latter now possessed, 
when first made, an emanating power of 65 per cent., and after 24 
hours 145 per cent., from which value it did not much alter. 

These results throw a new light on the question of emanating 
power. In the first experiment, which we have so far not succeeded 
in repeating, by an accident in the conditions apparently, two frac- 
tions were separated from thorium which varied in their emanating 
power in the ratio of 200 to 1. The active fraction diminished to 
nearly a third of its original value in 14 days spontaneously, whilst 
the activity of the inactive fraction was, to a large extent, regenerated 
by solution and reprecipitation, in an exactly analogous manner to the 
behaviour of thoria de-emanated by ignition. Attempts to repeat this 
result have so far led to the production of two more or less completely 
de-emanated fractions, which, however, spontaneously increase in 
activity with time, as in the second experiment, and this seems to be 
generally the case, whether incomplete precipitation is effected as in 
the experiment given by re-solution of the carbonate in acid, or by 
using a deficiency of sodium carbonate in the first instance. 

The production of preparations of such low emanating power led 
naturally to an examination being made of the filtrates and washings 
for radioactivity. It was found that these possess when concentrated 
both emanating power and radioactivity in considerable amounts, 
although from the nature of their production they should be chemically 
free from thorium. The behaviour is quite general, a dilute solution 
of thorium nitrate, afterthe thorium has been precipitated as hydroxide 
with ammonia, shows when concentrated an emanating power of from one- 
third to two-thirds that of the original nitrate in solution. It does not 
matter whether the thorium is precipitated with ammonia directly, or 
after preliminary partial precipitation as carbonate—either by adding 
insufficient sodium carbonate in the first place, or by precipitating 
completely and dissolving part of the precipitate in nitric acid—the 
thorium-free filtrate invariably possessed emanating power, and when 
evaporated to dryness exhibited straight line radioactivity also in 
amounts very much greater than possessed by the same weight of 
thoria. 

The result of a careful chemical investigation of the active filtrates 
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produced under the various conditions described was to show that these 
contained no thorium, or at most only a minute trace, but another 
substance in very appreciable quantities which can be precipitated with 
sodium phosphate, and which,so prepared,is a white substance possess- 
ing both emanating power and radioactivity, often many hundred-fold 
greater than thoria. It has not yet been obtained in sufficiently large 
quantities for an exhaustive chemical investigation, and it is impossible 
at present to say what it may prove to be. 

We may at once state, however, that we do not incline to the view 
that it is ThX, either in the sense of the radioactive or emanating con- 
stituent of thorium. The evidence of a long series of experiments in 
two directions, of which the final steps can only find place here, is quite 
definite on this point,and in our opinion admits of only one conclusion. 
There seems little doubt of the actual existence of a constituent ThX 
to which the properties of radioactivity and emanating power of thorium 
must be ascribed, but in all probability it is present in altogether 
minute amount, and must therefore be possessed of these qualities to 
@ correspondingly intense degree. 

But before the reasons for this view are put forward, it is necessary 
to discuss more nearly the meaning of the experiments already given 
on the emanating power. It has been shown that this is a most 
uncertain quantity, similar experiments often giving preparations of 
very varying value, as is clearly shown in the results given, as well as 
in many others in the same direction. The most pregnant fact is that 
although, as has been shown, precipitation with ammonia invariably 
leaves behind considerable emanating material in the filtrate which is 
lost, this seems to exert little influence on the emanating power of the 
precipitates, These, prepared under different conditions, often by a 
different number of precipitations, in which therefore varying amounts 
of the emanating material are lost, show a surprising uniformity in 
this property, especially after they have attained their maximum 
power by keeping. It is only necessary to quote the experiment on the 
almost completely de-emanated carbonate, which gained in emanating 
power thirty times by conversion into the hydroxide, although during 
the process much emanating material must have been lost, to show that 
the value of the emanating power alone furnishes no criterion of the 
amount of emanating material present. 

It may safely be said that three things must be carefully dis- 
tinguished between in considering the nature of the property possessed 
by thoria of giving out a radioactive emanation. First, the nature of 
the emanation itself, secondly, the nature of the emanating power, 
and thirdly, the nature of the emanating material. The first, the 
emanation itself, we have shown to possess the negative properties of a 
chemically inert gas, whose radioactivity is unaffected by any con- 
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ditions, apparently, except lapse of time. With regard to the second, 
the emanating power or rate at which the emanation is produced per 
unit weight of substance, it is certain that this does not depend only, 
or even mainly, on the quantity of emanating material present. The 
regeneration of the emanating power of thoria de-emanated by ignition, 
the enormous variation with time in the emanating power of the hydr- 
oxide and carbonate under certain conditions, and the comparatively 
constant maximum which these substances ultimately attain, although 
prepared under conditions where different amounts of the emanating 
material are lost, make this point perfectly clear. These considerations, 
taken in conjunction with the effect of temperature, moisture, &c., on 
emanating power, and the nature of the emanation itself, make the 
property appear rather as the result of a dynamical change, possibly in 
the nature of a chemical reaction where the active mass of emanating 
material is a constant, than as the property of a peculiar kind of 
matter in the static state, additive with regard to mass. 

It is, however, neither the emanation itself nor the emanating power 
with which we are concerned in these experiments, but the third con- 
ception, the emanating material, that is, the substance, whether thorium 
or not which is responsible for the activity. It has been shown that 
it is difficult to follow, by means of the value of the emanating power, 
the progress of the removal of the active material. When this was 
realised, attention was directed to the straight line radioactivity, which 
is generally unaffected by these changes of conditions and previous 
history which produce such profound alteration in the former property. 
The two phenomena are undoubtedly connected. The intensely radio- 
active preparations obtained from thorium in different ways always 
show correspondingly great emanating power when the conditions are 
favourable for the manifestation of the latter. Solution appears to be 
the most generally favourable condition. The experiments we had 
been engaged in were therefore repeated in a form which would allow 
a close study of the total radioactivity, in the hope that this value 
would provea more suitable indication of the amount of active material 
present than the emanating power alone. 

Seventy grams of thorium nitrate were dissolved in four litres of 
boiling water, and precipitated with ammonia added cautiously in 
very dilute solution in excess. The filtrates and washings were 
evaporated to about 60 cc. and then possessed as much emanating 
power as 146 grams of thoria, On evaporating the solution to dryness 
and removing the ammonium salts by ignition the residue weighed 
00583 gram. The emanating power of this residue in solution was thus 
about 2500 times that of ordinary thoria, In the solid state, how- 
ever, the value fell to one-fiftieth. But its total radiation was equiva- 
lent to at least 23:6 ; rams of thoria, that is, was about 400 times as 
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great. It was dissolved in hydrochloric acid, and ammonia added in 
excess, when a precipitate weighing 0°0015 gram: was thrown down. 
This contained all the thorium present besides iron in appreciable 
quantity which had beeen introduced during the evaporation. It 
equalled in radioactivity 2°73 grams of thoria, the ratio in this case 
being thus no less than 1800 times. Sodium phosphate precipitated 
0:0225 gram of white substance the activity of which was equivalent to 
4:4 grams of thoria, that is, 200 times. The sodium salts freed from 
ammonium still possessed a radioactivity equivalent to 3°6 grams of 
thorium oxide. In other experiments, however, these had been 
obtained quite free from activity, and this result is due to the solu- 
bility of the phosphate in water, so that some was dissolved during 
the washing (which the subsequent determination of the weight 
rendered necessary) and appeared in the filtrate. 

The radioactive residue obtained in the first place from the filtrate by 
evaporation and ignition, before it was redissolved, had, however, been 
tested to determine the penetrative power of the radiations emitted, 
If the rays from various radioactive substances are made to pass 
through successive layers of aluminium foil, each additional layer of 
foil cuts down the radiation to a fraction of its former value, and a 
curve can be plotted with the thickness of metal penetrated as 
-abscisse, and the intensity of the rays after penetration as ordinates, 
expressing at a glance the penetrative power of the rays being 
examined (compare Rutherford, Phil. Mag., 1899, [v], 47, 122). 
The curves so obtained are quite different for different radioactive 
substances. The radiations from uranium, radium, thorium, each give 
distinct and characteristic curves, whilst that of the last named again is 
quite different from that given by the excited radioactivity produced by 
the thorium emanation. The examination in this way of the pene- 
trative power of the rays from the radioactive residue showed that the 
radiations emitted were in every respect identical with the ordinary 
thorium radiation. In another experiment, the nature of the emana- 
tion from a similar intensely active thorium-free residue was submitted 
to examination. The rate of decay was quite indistinguishable from 
that of the ordinary thorium emanation. That is, substances chemi- 
cally free from thorium have been prepared possessing thorium radio- 
activity in an intense degree. 

-The main quantity of thorium hydroxide in the Jast experiment was 
redissolved in nitric acid, and the previous round of operations re- 
peated twice, the filtrates from each operation being mixed and then 
examined exactly as in the former case, The emanating power of the 
concentrated solution was only equal to that of 8 grams of thoria in 
this instance, and the radioactivity of the residue to that of 3 grams. 

From this only a small quantity of the phosphate precipitate was 
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obtained (0-001 gram) the radioactivity of which was equal to that of 
0°3 gram of thoria (ratio 200: 1). 

The emanating power of the main quantity of the hydroxide when first 
so prepared was 73 per cent. that of thoria, that is, about one-half of its 
usual value. The hydroxide was converted into oxide by ignition, and its 
radioactivity compared with that of the oxide from the original nitrate 
prepared in the same way It was found to be only about one-third as 
active, the exact ratio being 0°36 : 1. 

Only one conclusion seems possible from this series of experiments. 
There is no longer any room for doubt that a part of the radioactive 
constituent ThX has been separated from thorium, and obtained in a 
very concentrated form, in one instance 1800 times more powerful in 
its actions, This result, taken into account with the reduction of the 
radioactivity and emanating power of the main quantity of thorium 
compound, and the identity of the radiations of the active thorium-free 
preparations with those of the ordinary thorium radiation, warrant 
the conclusion that ThX is a distinct substance, differing from thorium 
in its chemical properties and so capable of separation therefrom. 
The manner in which it makes its appearance, associated with each 
precipitate formed in its concentrated solution, resembles the behaviour 
of Crookes’ UrX, which he found was dragged down by precipitates 
when no question of insolubility is involved, and suggests the view 
that it is really present in minute quantity. Even in the case of the 
most active preparations, these probably are composed of some ThX 
associated with accidental admixtures probably large in proportion. 

These results receive confirmation from observations made in a 
different method of separating ThX. The experiment was tried of 
washing thoria with water repeatedly, and seeing if the radioactivity 
was thereby affected. In this way, it was found that the filtered 
washings, on concentration, deposited small amounts of material, with 
an activity often of the order of a thousand times greater than that 
of the original sample. In one experiment, 290 grams of thoria were 
shaken for a long time with nine quantities, each of 2 litres, of distilled 
water. The first washing, containing most of the sulphate already 
referred to, was rejected, the rest concentrated to different stages, and 
filtered at each stage. One of the residues so obtained weighed 6°4 mg. 
and was equivalent in radioactivity to 11°3 grams of the original 
thoria, and was therefore no less than 1800 times more radioactive. 
It was examined chemically, and gave, after conversion into sulphate, 
the characteristic reaction of thorium sulphate, being precipitated 
from its solution in cold water by warming. No other substance than 
thorium could be detected by chemical analysis, although of course the 
quantity was too small for a minute examination. But the absence 
of the substance precipitable as phosphate, noticed in the other experi- 
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ments, confirms the opinion that this is an accidental admixture without 
influence on the qualities of radioactivity and emanating power. The 
penetrative power of the radiation from this substance again estab- 
lished its identity with the ordinary thorium radiation. In another 
experiment, a small quantity of thoria was shaken many times 
with large quantities of water. In this case, the radioactivity of the 
residue was examined and found to be about 20 per cent. less radio- 
active than the original sample. 

There remains only one step to prove beyond doubt that the radio- 
activity and emanating power of thorium are not specific properties 
of the thorium molecule—the preparation of thoria free from these 
properties—and on this problem we are now engaged. To sum up 
briefly what has already been accomplished, two different methods 
have effected a concentration of the activity many hundred-fold in one 
fraction, and a corresponding diminution of activity in the remainder, 
but in each case the character of the radiation is not thereby affected. 
In one method, the active fraction appears to consist only of thorium, 
so far as examination has been possible, whilst in the other case 
radioactivity and emanating power appear to be manifested indiscrim- 
inately in all the products, without reference to their chemical 
nature, The simplest explanation of this behaviour, on the present 
view, is that so far the active constituent of thorium has only been 
obtained in relatively minute quantity, oe therefore does not answer 
to any definite analytical reations. 
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XXXI1V.—Solubilities of the Calcium Salts of the 
Acids of the Acetic Series. 


By Jonny 8S. Lumspen, D.Sc., Ph.D. 


Ir is well known that many calcium salts are more soluble in water at 
low than at high temperatures. This is not in accordance with the usual 
experience that the solubility of a solid increases with rise of tempera- 
ture, yet the matter has never been submitted to careful investigation. 
For the purpose of obtaining more information on the subject, it 
seemed best to select a series of acids, to prepare the calcium salts in 
a crystalline state, and to determine the solubility of each salt for a range 
of temperature between 0° and 100°. 
The acetic series of organic acids was chosen and the calcium salts 
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of the first nine normal acids and of isobutyric and isovaleric acids 
have been prepared and examined. 

In order to obtain accurate results, the estimation of the solubility 
of a substance must be done with very great care, The difficulties to 
be overcome are: the maintenance of a constant temperature for 
many hours, the production of complete saturation and the removal of 
the solution from contact with the solid to another vessel without 
change or loss. 

The apparatus used to obtain a constant temperature is shown in 
Fig. 1 (p. 352). The thermostat is an enamelled iron vessel supported 
on bricks and heated from below by a luminous gas jet and a ring air 
burner. 

The temperature regulator consists of two bottles filled with water 
or calcium chloride solution, one of which is shown at A connected 
with an ordinary mercury gas cut-off, B. By means of Y glass con- 
nections, the gas flame, the ring burner, and the fan jet, C’, are supplied 
with gas from the tap, D. 

For high temperatures, the luminous gas flame connected with the 
regulator does not produce sufficient heat and the ring burner is then 
used, being set to keep up a constant temperature less than that required 
and the gas flame then raises the temperature to the exact point and 
regulates it. 

The water level is kept constant by the syphon, Z. When the 
water sinks below the bell-mouthed tube, air enters and water flows 
from the bottle until the level rises and shuts off the supply of air. 

The stirrer, 7, is mounted on a steel point running in a hole ina 
glass stopper and moved by a wheel made of Japanese fans. At low 
temperatures, the fan jet is required, but at high temperatures the 
heated air from the apparatus causes a sufficiently rapid rotation. 

The thermometer used reads to tenths of a degree, and for tempera- 
tures between 20° and 90° the water in the thermostat can be kept 
without variation of more than one-fifth of a degree for many hours. 
Below 20°, constant temperatures were obtained by running a con- 
tinual stream of water from the laboratory tap into the vessel. On 
different days the temperature varied, but on the same day it was 
sufficiently constant for six hours. Temperatures down to 6° were got 
in this way. For estimations at the freezing point a mixture of ice 
and water was used and boiling water was employed for the determin- 
ations at 100°. 

The apparatus used to obtain complete saturation of the solution 
and to remove the saturated liquid is shown in Fig. 2 (p. 353), and on 
a small scale in Fig. 1 (p. 352). 

The object in view when this apparatus was devised was to carry out 
all the operations under the surface of the water in the thermostat and 
therefore exactly at the temperature of estimation. 
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The saturating vessel, G, is a bottle or small flask into which excess 
of finely powdered solid is placed along with the solvent. A glass stirrer 
running in a glass collar and passing down the outer tube, H, is driven by 


Fie. 1. 


HET 


a water motor as shown in Fig. 1. is the flask or bottle into which 
the saturated liquid is to be filtered. The bulb, JZ, is the filter and con- 
tains a very small filter paper filled with cotton wool, which keeps the 
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paper in position and also acts as a filter plug. Connection is made 
with the saturating vessel by the tube J/, and the tube J, rising above 
the water level, is the suction tube. The filter flask is not attached to 
the saturating vessel until a short time before filtering, since at high 
temperatures water is liable to distil through the tube M. The end 
of that tube is therefore plugged while saturation is taking place. 

All the stoppers are of rubber except that which bears the neck of the 
stirrer, and this has a notch to prevent increase of pressure in the 
bottle. 

After saturation has been attained, which at low temperatures is 
only after many hours but at high temperatures is complete in an 
hour, the filter flask is attached, ten minutes 
are allowed for heating to the temperature Fic. 2. 
of the bath, then suction is applied by the 
mouth to N, and the liquid passes over and 
filters quite clear into the flask. As much 
as possible of the liquid is filtered, to reduce 
any error due to absorption by the filter or 
moisture in the connecting tube. 

After filtration, the flask is quickly de- 
tached, corked and immediately cooled to 
the temperature of the laboratory by running 
water on the outside. This quick cooling 
prevents evaporation taking place and con- 
sequent concentration of the solution. 

It is necessary to know the exact com- 
position of the solid of which a saturated 0 
solution is being made, as the solid may 
undergo change. An anhydrous salt, when K 
placed in water, may become a crystalline 
hydrate and a salt containing water of 
crystallisation may lose water in contact 
with a hot solution. As a salt and its hydrates are essentially different 
substances, they have different solubilities, and analysis is necessary to 
determine the substance being dealt with. 

The apparatus used for separating the solid at any temperature from 
the saturated solution is seen in Fig. 3 (p. 354). The tube O, used as 
the saturating vessel, has a rubber stopper fitted to the lower end, and 
through a hole in this passes a glass tube which makes connection 
with the filter bottle. A rubber connection with a screw clip keeps 
the tube closed until filtration is to take place. On the rubber stopper 
rest two perforated porcelain plates with a filter paper between. 
The solid is placed in the tube, the solvent added, and saturation 
attained at the desired temperature. The clip is then opened, the tube 
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P attached to a filter pump, and while suction is going on the solid is 
rammed down tightly to express as much solvent as possible. The 
apparatus is then quickly removed from the thermostat and the solid 
placed on a warmed porous plate. Drying is speedily effected, and after 
an hour in a desiccator the solid is analysed before any change can 
take place. With all precautions, it is difficult in many cases to get 
exact quantitative results : either the solid is insufficiently dried or water 
of crystallisation is lost, but there is no difficulty in getting results 
which show decidedly whether the solid is one or other of two hydrates. 

The saturated solutions obtained in these determinations and the 
solids containing calcium had to be analysed, and this is a tedious and 

difficult process unless the following method is 

Fic. 3. adopted. 

It was found most exact to convert the 
) calcium compounds always into calcium sul- 
phate. From 5 to 10 grams of the solution 
were placed in a platinum crucible and weighed, 
then somewhat less than the quantity of con- 
centrated sulphuric acid required to complete 
10 the change to calcium sulphate was added. 
¥ When the crucible was heated on a water-bath, 
P the organic acid rapidly evaporated, anda hard 
residue was obtained in an hour. This was 
a carefully ignited, and the dried mass, consist- 
ing of oxide, sulphide, and sulphate of calcium, 
was treated again with concentrated acid and 
heated until fumes ceased to be evolved and 
the residue was pure white. 

The calcium salts employed in the following 
determinations were prepared from the pure 
acids obtained from Kahlbaum and from pre- 
cipitated calcium carbonate. A quantity of the acid was largely 
diluted with water, enough water being used in the case of the higher 
acids, which are only slightly soluble, to form a complete solution, and 
this was then poured on excess of calcium carbonate contained in a 
large flask. After the first action ceased, heat was applied for some 
time, and the liquid was then filtered. 

This filtered solution was always slightly acid, and it was found that 
when organic acids become very dilute they cease to act on calcium 
carbonate. Since all the acids are volatile, the acidity disappeared 
during evaporation of the liquid. The solid obtained by evaporation 
over a water-bath was dissolved in water, and crystals obtained by 
placing the vessel in a warm place, and occasionally removing and 
drying those which separated. 
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Most of these calcium salts are soluble in hot dilute alcohol, and it 
was found easiest to obtain good crystals of the higher members from 
such a solution. 


Solubility of Calciwm Formate, (HCO,),Ca. Curve No. 1. 


Calcium formate crystallises from solution in water or dilute alcohol 
in anhydrous, hard, glass-like, rhombic crystals. Attempts to obtain 
a hydrated salt by spontaneous evaporation of a solution in water at a 
low temperature were unsuccessful : 


0-9616 crystals gave 1°0021 CaSO,. Ca=30-7. 
(CHO,),Ca requires Ca =31°2 per cent. 


The solubility curve of calcium formate between 0° and 100° is a 
straight, upwardly inclined line, representing a steadily increasing 
solubility with rise of temperature. 

The weights of solid dissolved by 100 parts by weight of water are 
as follows: 


t. Parts. t. Parts. | t. Parts. 
0° 16°15 40° 17°05 | 80° 17°95 
10 16°37 50 17°27 90 18°17 
20 16°60 60 17°50 100 18°40 

~ 30 16°82 70 17°72 


Formula for this range of temperature, 16°15 + 0°0225t°. 


Solubility of Calciwm Acetate, (CH,*CO,),Ca,2H,O and 
(CH,°CO,),Ca,H,0. Curve Wo. 2. 


From a cold solution, calcium acetate crystallises in long, silky, 
transparent needles which contain 2 mols. of water of crystallisation, 
These effloresce readily, and the ordinary white solid contains only 
1 mol. of water: 


1-066 gave 0°8230 CaSO,. Ca= 22°71. 
(C,H,O,),Ca,H,O requires Ca = 22°73 per cent. 


In solution, the change from the salt with 2H,O to that with 1H,O 
takes place at 84°. 
. The solubility at 0° is 37:40 parts in 100 parts of water; it then 
diminishes until about 60°, when the solution contains only 32°70 parts, 
then rises until the transition point is reached at 84°, when 33°80 
parts are dissolved. From 84°, the solubility of the new salt diminishes 
rapidly to 100°, when the solution contains 29°65 parts. 

The weights of solid, calculated as anhydrous salt, dissolved by 100 
parts of water, are as follows: 

BB2 


356 LUMSDEN: SOLUBILITIES OF THE CALCIUM 


% Parts. t. Parts. t. Parts. 

(2H,0) 0° 37°40 (2H,0) 35° 33°50 (2H,0) 70° 32:98 
5 36°65 40 33°22 75 33°22 

10 35°98 45 33°00 80 33°50 

15 35°32 50 32°82 T 84 33°80 

20 34°73 55 32°70 (H,0) 85 32°85 

25 34°20 60 32°70 90 31°05 

30 33°82 65 32°78 95 30°20 

100 29°65 


Solubility of Calcium Propionate, (CH,*CH,°CO,),Ca,H,O. 
Curve No. 3. 


The crystals of calcium propionate are thin, glistening plates con- 
taining 1 mol. of water of crystallisation, which is only given off 
above 100°. 

The solubility curve is markedly convex to the temperature axis. 
At 0°, as much as 42°80 parts of the salt dissolve in 100 parts of water, 
but the solubility quickly diminishes until, at about 55°, only 38°20 
parts are in solution. Above this temperature, the solubility in- 
creases and at 100° 48°44 parts are dissolved. 

To make sure that the solid in contact with the solution was the 
same on the descending and ascending parts of the curve, it was fil- 
tered off at various temperatures and analysed. The results showed 
that at all temperatures the solid contained 1 mol. of water : 


At 12°, 0°1739 gave 0°1159 CaSO,. Ca=19°61. 
», 90°, 0°3895 ,, 0°2591 CaSO, Ca=19°57 
(Ca,H,O,),Ca,H,O requires Ca= 19°61 per cent. 


The weights of solid dissolved by 100 parts of water are as follows : 


t. Parts, ‘i Parts. t. Parts. 

0° 42°80 35° 38°75 70° 38°75 

5 41°70 40 38°45 75 39°20 
10 40°95 45 38°35 80 39°85 
15 40°35 50 38°25 85 40°80 
20 39°85 55 38°20 90 42°15 
25 39°40 60 38°25 95 44°25 
30 39°05 65 38°40 100 48°44 


Solubility of Calcium Butyrate, [CH,*(CH,),*CO,],Ca,H,O. 
Curve No. 4. 


Calcium butyrate crystallises by spontaneous evaporation in long, 
ribbon-like leaves containing 1 mol. of water, and this is the compo- 
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sition of the solid in contact with the solution at all temperatures 
below 100° : 


0°4940 gave 0:2898 CaSO,. Ca=17°26. 
(C,H,O,),Ca,H,O requires Ca = 17-24 per cent. 


The solubility of this substance has been determined by Hecht 
(Annalen, 1882, 213, 65) and by Chancel and Parmentier (Compt. rend., 
1887, 104, 474). Their results are slightly lower than those given 
below. 

The weight, calculated as anhydrous salt, in 100 parts of water is 
as follows : 


t. Parts. ¢. Parts. t. Parts. 
0° 20°31 35° 16°70 70° 14°92 
5 19°75 40 16°40 75 14°90 
10 19°15 45 16°00 80 14°95 
15 18°65 50 15°70 85 15°10 
20 18°20 55 15°40 90 15°25 
25 17°75 60 15°15 95 15°50 
30 17°25 65 15°00 100 15°85 


Solubility of Caleiwm Valerate, [CH,*(CH,),*CO,],Ca,H,O. 
Curve No. 5. 

Calcium valerate is obtained from solution in hot water as a micro- 
crystalline powder, but if a cold solution is allowed to evaporate, fine, 
interwoven crystals are obtained, and from dilute alcohol long, ribbon- 
like plates readily separate out. 

One mol. of water is always present below 100° : 


0°4219 crystals gave 0°2210 CaSO,. Ca=15-41. 
(C,H,O0,),Ca,H,O requires Ca= 15°38 per cent. 


The solubility for each 10° is as follows : 


t. Parts. t. Parts. t. Parts. 
0° 9°82 50° 7 85 70° 7°80 
10 9:25 55 7°76 80 7°95 
20 8°80 57 7°75 90 8:20 
30 8°40 60 778 100 8:78 
40 8:05 


The point of lowest solubility is 57°, when only 7°75 parts of solid 
are in solution, 
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Solubility of Calcium Caproate (Hexoate), [CH,*(CH,),°CO,],Ca,H,0.4 
Curve No. 6. 


This salt separates from water in small, leafy crystals, but long, 4 
thin plates are obtained from hot dilute alcohol. One mol. of water is 
present up to 100°: 


0°4580 gave 02162 CaSO, Ca=13°89. 
(C,H,,0,),Ca,H,O requires Ca = 13°89 per cent. 
The solubility curve, although very flat, distinctly shows a descending 


and an ascending part, the point of lowest solubility being about 55°. 
The solubility for each 10° is as follows : 


: Parts. t. Parts, t. Parts. 
0° 2°23 40° 2°15 80° 2°30 
| 10 2°20 50 2:10 90 2°45 
20 2°18 60 2°15 100 2:57 

30 2°17 70 2°20 


Solubility of Calcium Gnanthate (Heptoate), [CH,*(CH,),*CO,],Ca,H,0. 
Curve No. 7. 


The crystals from dilute alcohol are long, monoclinic prisms forming 
a fibrous, silky mass. They contain 1 mol. of water : 


0-098 gave 0-0424 CaSO, Ca=13°52, 
(C,H,,0,),Ca,H,O requires Ca = 12°88 per cent. 


The solubility is as follows: 


t. Part.  % Part. t. Part. 

0° 0°95 40° 0°82 80° 0°98 
10 0°90 50 0°80 90 1:10 
20 0°86 60 0°82 100 1:26 
30 0°84 70 0°99 


Solubility of Calcium Caproate (Octoate), [CH,*(CH,),°CO,],Ca,H,O. 
Curve No. 8. | 


As caproic and pelargonic acids are very slightly soluble in water, the 
calcium salts were prepared by first making the ammonium salts and 
then adding calcium chloride solution, The precipitated salts were 
well washed and crystallised from dilute alcohol. 

The crystals of calcium caproate are long, thin rhombic needles con- 
taining 1 mol. of water. 


0:3420 gave 0°1350 CaSO,. Ca=11°61. 
(C ,H,,0,),Ca,H,O requires Ca = 11°62 per cent, 


ore 
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The greatest solubility is at 100°, when 0°5 part dissolves in 100 
parts of water; the lowest is about 60°, where 0°24 part is in 
solution : 


t. Part. t. Part, é. Part. 

0° 0°33 40° 0°28 80° 0°32 
10 0°32 50 0°26 90 0°40 
20 0°31 60 0°24 100 0°50 
30 0°30 70 0°28 


Solubility of Calcium Pelargonate (Nonoate), |CH,*(CH,),*CO,],Ca,H,O. 
Curve No, 9. 


Calcium pelargonate forms long, transparent, leafy crystals which, 
massed together, resemble white satin in lustre. The crystals are 
readily obtained from solution in hot dilute alcohol. One mol. of 
water is present : 


0°3208 gave 071170 CaSO,. Ca=10°73. 
(C,H,,0,),Ca,H,O requires Ca = 10°75 per cent. 


The solubility is now very small : 


t Part. t. Part. | t. Part. 
0° 0°16 40° 0-13 | 80° 0-15 
10 0-15 50 0-13 | 90 0-18 
20 014 | 60 0-12 | 100 0:26 
30 014 | 70 0-12 


Solubility of Calcium isoButyrate, {(CH,),CH*CO,],Ca,5H,O and 
[(CH;),CH*CO,|,Ca,H,0. Curve No. 10. 

From solution at low temperatures, calcium isobutyrate crystallises 
in long, thick, prismatic needles containing 5 mols. of water of crys- 
tallisation : 

05648 gave 0:2516 CaSO, Ca=13°10. 

(C,H,0,),Ca,5H,O requires Ca = 13°16 per cent. 

The crystals filtered from a saturated solution above 80° contain 
1 mol. of water : 

05062 gave 0:2964 CaSO,. Ca=17°22. 

(C,H,0,),Ca,H,O requires Ca = 17:24 per cent, 

The transition point from one salt to the other is at 62°5°, and the 

solubility is represented by two curves. 


The weights of anhydrous salt dissolved by 100 parts by weight of 
water are ; 
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t. Parts. t Parts. t. Parts. 

(5H,0) 0° 20°10 |(5H,O) 35° 24:55 | (H,O) 65° 28-25 
5 20°52 40 25°28 70 27°75 

10 21°10 45 26°05 75 27°32 

15 21°70 50 26°80 80 27°00 

20 22°40 55 27°60 85 26°70 

25 23°10 60 28°40 90 26°48 

30 23°80 T 62 28°70 | 95 26°28 

| 100 26-10 


The solubility of calcium isobutyrate was determined in 1887 by 
Chancel and Parmentier (Compt. rend., 1887, 104, 474). At low 
temperatures, their values approximate to those now found, but 
although they knew that above 80° the salt contained only 1 mol. 
of water, yet they show no transition point, but represent the 
solubility by a simple curve, concave to the temperature axis. Possibly 
by joining a few distant points, they missed the transition point. 


Solubility of Calcium isoValerate, [(CH,),CH*CH,°CO,],Ca,3H,O and 
[(CH,),CH-CH,°CO,]|,Ca,H,O. Curve No. 11. 

Calcium isovalerate crystallises in two forms: in long, thick, well- 

formed, prismatic needles containing 3 mols. of water, and from a 
hot solution in thin plates containing 1 mol. of water : 


0°2796 gave 0°1289 CaSO, Ca=13°56. 
(C;H,0,),Ca,3H,O requires Ca= 13°52 per cent. 

The crystals filtered from a saturated solution above 80° were 
pressed on a porous plate and placed in a desiccator until they showed 
signs of efflorescence : 

0°8758 gave 0°4626 CaSO,. Ca=15'53. 

(C;H,0,),Ca,H,O requires Ca=15°38 per cent. 

The solubility is shown by two well-marked descending curves, 
the transition point being at 45°5°. 

The weights of anhydrous solid in 100 parts of water at different 
temperatures are as follows: 


t, Parts. 2; Parts. t. Parts. 

3H,O 0° 26-05 (31,0) 40° 22:00 | (H,O) 70° 17-40 
5 23-75 | 45 22°30 75 =-:17°10 
10 = =22°70 ‘| T 45:5 22°35 80 16°88 
15 22:15 | (H,O)50 19-95 85 16°75 
20 21:80 | 55 ~=—s- 1900 90 16°65 
25 21°68 60 18:38 95 16°58 
30 = 21°68 65 17°85 100 =: 1655 
35 21°80 
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Solubility curves of the calcium salts of acids of the acetic serves. 
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The examination of the collected solubility curves (Fig. 4, p. 361) 
shows the following points :—Calcium formate, the salt of the lowest acid 
of the series, is peculiar ; it consists of anhydrous crystals, and shows a 
simple ascending curve of solubility. All the other calcium salts 
crystallise with water, and all with rise of temperature first diminish 
in solubility then reach a minimum point, and thereafter the solubility 
steadily increases. 

Of the salts of the normal acids, only calcium acetate changes from 
one crystalline state to another between 0° and 100°, while both 
calcium isobutyrate and calcium isovalerate have double curves. It 
will also be noticed that, with the exception of calcium formate, all the 
salts which have been investigated, when in contact with their 
saturated solutions at 100°, consist of crystals which contain 1 mol. of 
water. 

Whilst it is difficult to compare a series of salts with respect to 
solubility, since one may be more soluble than another at one 
temperature, but less soluble at a different temperature, and different 
hydrates are not truly comparable, yet in a general sense it may be 
said of the calcium salts under consideration that those formed from 
the normal acids increase in solubility from formate to acetate and 
propionate, then decrease quickly with the growth in the number of 
carbon atoms, and that the salts of the iso-acids are more soluble than 
those of the corresponding normal members of the series. 

As the solubilities of these calcium salts with rise of temperature 
diminish, reach a minimum, and then increase, each curve is convex to 
the temperature axis, and it will be shown in the following paper that 
this is the normal shape of a solubility curve. Calcium salts will be 
found to be in no wise anomalous in diminishing in solubility with rise 
of temperature ; they are simply peculiar in having the descending 
parts of their curves within the range of temperature between 0° and 
100°, whilst the curves of most other solids are the ascending parts of 
convex curves, which would show a minimum and descending part if 
the determination of the solubility could be made at a low enough 
temperature. 
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XXXV.—The Equilibrium between a Solid and its 


Saturated Solution at Various Temperatures. 
By Joun 8. Lumspen, D.Se., Ph.D. 


In the foregoing paper,it was shown that the solubilities of the calcium 
salts of the acids of the acetic acid series were represented by curves 
convex to the temperature axis, indicating at first decrease then increase 
of solubility with rise of temperature. 

As these salts, while undergoing no alteration in composition, yet 
change in solubility in such a way that at widely different temperatures 
the action of the solvent produces solutions of equal concentration, the 
factors which condition the equilibrium between the solid and the 
saturated solution must undergo great variation with change of 
temperature. 

What these factors are and how their values alter will be considered 
here, with the object of obtaining some reason for the shape of a 
solubility curve. 

Calcium propionate furnishes a typical convex curve of solubility, 
and has been employed to obtain the experimental data used in this 


paper. 


The Factors which produce Equilibrium in a Saturated Solution. 


A solid may be considered to be made up of particles which by their 
thermal energy tend to separate, but which cohere because the attrac- 
tion due to their mass, acting towards the interior, aided by the pres- 
sure of the atmosphere, counteracts the externally directed force. 

In a solid which is volatile at the ordinary temperature, the opposing 
forces are nearly equal, but in most solids the tendency to pass into 
vapour is much more than counterbalanced by the force binding the 
particles together. 

When, however, a solid is placed in a liquid, at the surface of contact 
an action between solid and liquid takes place of such a nature that 
the outwardly directed force is helped. This attraction, if strong 
enough, enables the particles-of the solid to pass into the liquid and so 
forma solution, but if the attractive influence of the liquid is in- 
sufficient, the solid will not dissolve. 

When solution does take place, the solid while being dissolved 
becomes subjected to a gradually increasing pressure as the concen- 
tration of the solution grows, due to the impact of the dissolved 
particles on its surface. This pressure, the osmotic pressure, acts 
against the forces promoting solution, and as the solid continues to 
pass into the liquid and this pressure increases, the disintegrating 
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action of the liquid on the solid lessens, the tendency of the particles 
to leave the solid is diminished, and finally ceases. 

This is not now a state of rest but of equilibrium, for if at any point 
a particle passes from the solid into solution, a similar particle will 
leave the liquid and cohere to the solid. The solution has attained a 
definite concentration, it is saturated, and excess of solid can have no 
influence on this final state since the process of solution gces on only 
at the surface of the solid and the counteracting osmotic pressure is the 
same there at all points. 

The equilibrium in a saturated solution in contact with the solid is 
therefore conditioned by three forces, two of which promote solution : 
the thermal energy of the solid tending to drive its particles apart, and 
the action between solid and solvent and one acting against and 
balancing these two: the osmotic pressure of the dissolved particles. 

Alteration in the value of any one of these factors will alter the 
amount of solid dissolved, and change of temperature or pressure has 
that effect. 


Change of Equilibrium with Change of Temperature. 


The alteration produced on a saturated solution in contact with un- 
dissolved solid by change of temperature is best realised by considering 
the effect of change of temperature on each of the three forces which 
together produce equilibrium. 

The thermal energy of the solid must always be increased by heat ; 
work is performed against the cohesion of the particles, and their kinetic 
energy is augmented. ‘This growth of disintegrating force may be pro- 
portional to rise of temperature, but it is known to increase at a greater 
rate than the temperature in the case of hydrated salts, especially as 
the point at which dehydration takes place is approached. Increase of 
temperature will, therefore, always raise the value of this factor and 
tend to facilitate solution. 

The pressure exerted by the particles in solution on the undissolved 
solid is also increased by heat. For a constant concentration, the in- 
crease of osmotic pressure is directly proportional to the absolute 
temperature, but according to Nernst, with solutions of very great con- 
centration the increase of pressure is at a somewhat faster rate. 

We have, however, to consider solutions in which the concentration 
is not constant but changes slightly with the temperature, and it is 
obvious that the pressure will increase less rapidly than the law 
demands when the solid diminishes in solubility with heat, and more 
rapidly whenthe solubility increases with rise of temperature. It is 
also evident that expansion of the solution by diminishing the con- 
centration will also lessen the osmotic pressure, 
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Allowing, however, for these small disturbing influences, increase of 
temperature will always increase the pressure on the solid and retard 
its solution. 

The action at the surface of solid and solvent is probably chemical 
in its nature, therefore the force of attraction will diminish as the 
temperature rises, and the effect of heat will lessen the value of this 
solubility factor. 

Equilibrium is therefore the result of a force tending to produce 
solution increased by rise of temperature, a force retarding solution 
also increased by rise of temperature, and a force promoting solution 
decreased by rise of temperature. 

The resultant action of these three forces determines the amount of 
solid in solution, and a curve which represents the varying weights of 
solid, dissolved in a definite weight of liquid, saturated at different 
temperatures, will accurately represent the resultant effect of varying 
the temperature of the system. 

Such a curve cannot be made directly, because the total amount of 
a solid which has passed into solution cannot be accurately found by 
experiment. What is really estimated is, either the weight of solid in 
a given volume or in a given weight of the saturated solution. In the 
first case, the determination at different temperatures of the concen 
tration or the weight of solidin a given volume of the solution : values 
are not obtained proportional to the total weight of solid in solution 
unless in the hypothetical case of a solid which dissolves in a given 
volume of the solvent without that volume undergoingany change, and 
no change of bulk takes place with rise of temperature, Now, since 
a saturated solution has a greater volume than the solvent, and there 
is always an expansion by heat, with rise of temperature there will be 
proportionally greater amounts of substance dissolved than a curve of 
concentration will show. 

In the second case, the estimation at different temperatures of the 
weights of solid in a given weight of the solution : the numbers obtained 
do not bear any simple relation to the amount of solid dissolved, but if 
from the figures obtained the weights of solid dissolved by a given 
weight of the solvent be calculated, then values so found are accurately 
proportional to the total weight dissolved at different temperatures. 

This is clear from the following considerations. If a solid be placed 
in 10 grams of a solvent, then at any temperature when the solution 
has become saturated, the 10 grams, no matter what change in volume 
has taken place, contain all the dissolved solid. One gram or any 
other weight of the solvent will then always contain a quantity pro- 
portional to the total amount dissolved, and even if during the 
experiment some of the solvent evaporates, yet the result is not 
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altered, since the concentration of the solution at any temperature is 
constant. 

The ordinary solubility curve showing the weights of solid dissolved 
at different temperatures by 100 parts by weight of solvent is therefore 
the exact representation of the influence of temperature on the 
equilibrium between the solid and its saturated solution. 

The solubility curve being the resultant of the forces producing 
equilibrium, it may be thought of as resolved into the component 


Fic. 1.—The component factors of a solubility curve. 
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curves representing the actions of each of the forces, and it will be 
seen how these severally influence the shape. 

On Fig. 1 is seen the solubility curve of calcium propionate and 
lines representing the actions of the three factors into which it might 
be resolved. Above the central horizontal line the values denote 
influences promoting solution, and below the line retarding forces. 

The component due to the growth of thermal energy will be an 
upwardly inclined straight line if the increase is directly proportional 
to rise of temperature, and an upwardly inclined curve if the increase 
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is faster than the temperature. In the figure, a curve of the latter 
kind is shown. 

The retarding action of the osmotic pressure may with fairness be 
represented by a downwardly directed line, and the affinity between 
solid and solvent is drawn as a line with a high value at a low 
temperature, decreasing in value as the temperature rises. The 
resultant of the affinity and osmotic pressure is shown by a dotted 
line, and the total resultant is the solubility curve. 

A diagram of this kind is of great interest : by altering the values 
of the factors, all varieties of convex curves can be obtained, even 
one flattened to a straight line, but if the inference be true that the 
affinity decreases and the thermal energy and osmotic pressure increase 
by rise of temperature, no solubility curve concave to the temperature 
axis is possible, 


The Relationship between the Heat of Solution and the Shape of a 
Solubility Curve. 


When a given weight of solid is dissolved in a definite weight of 
solvent, heat is evolved or absorbed, or under certain circumstances 
there may be no change of temperature. 

If the action between solid and solvent produces sensible heat, to 
tkat heat there must be added the heat rendered latent by the fusion 
of the solid and the heat of dispersion of the dissolved particles, in 
order to get the total heat due to the action of the solvent on the 
solid. Should the heat rendered latent be greater than the heat 
developed by combination, solution will cause a decrease of temperature, 
and if these two thermal effects are balanced, no change of temperature 
will occur. 

The heat effect must, however, vary with the temperature at which 
solution takes place, for, remembering that forces which condition a 
development of heat are weakened by an increase of temperature, and 
those which cause an absorption of heat are strengthened, it is obvious 
that, with rise of temperature, the chemical action which is the cause 
of the heat will be weakened, whilst the physical actions will be 
facilitated. 

At a higher temperature, therefore, the heat required to fuse the 
solid, and the amount of heat absorbed by the distribution of the 
particles, will be lessened, but if the chemical action between solid 
and solvent is diminished to a much greater degree, it becomes 
possible with the same substance to have heat evolved at a low 
temperature during solution, and at a higher temperature heat 
absorbed, Thus, if a given weight of solid and a definite weight of 
solvent be brought to the same temperature and mixed, heat being 
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evolved, at a higher temperature the physical changes may absorb all — 
the heat due to combination, and there will be no alteration of 
temperature ; higher still, the physical changes will require more heat 
than the combination gives, and a fall of temperature results, and it 
is not unreasonable to suppose that at a temperature where there is 
no action between solid and solvent, solution may take place by the 
thermal energy being so increased that the solid volatilises into the 
solvent as camphor does into air. 

To test experimentally whether the heat of solution diminishes with 
rise of temperature, two estimations were made with calcium propionate 
at temperatures where it is equally soluble, one being on the descending 
part of the solubility curve at 10°, the other on the ascending curve 
at 85°. 

Ten grams of crystals of calcium propionate containing 1 mol. of 
water were finely powdered and placed for 12 hours beside a vessel 
containing 25 c.c. of water. The powder was then dissolved, and the 
temperature rose from 10°2° to 19°. Complete solution occupied two 
minutes, and 0°4° was added on for loss by cooling, making the total 
increase 9°2°. 

Next, 10 grams of the same solid were placed in a thin glass bulb 
with a long stem, the bulb being weighted with a little mercury. 
This bulb was lowered into a large test-tube containing 27 c.c. of 
water, and the temperature in the calorimeter raised to 85°. When 
the water had diminished to 25 c.c., the bulb was broken, and not 
more than an increase of 1° was observed. It is so difficult to get 
the correct heat of solution at a high temperature where the liquid has 
to be stirred and evaporation takes place, that exact results were 
impossible to obtain, but the experiment makes it sufficiently clear 
that the heat of solution decreases as the temperature rises, and that a 
negative value might even be observed at a higher part of the curve. 

When a solution is nearly saturated, the heat developed by dis- 
solving a given quantity of solid in it is much less than in a more 
dilute solution. The thermal effect of dissolving a given weight of 
solid in a given weight of water, and secondly in a nearly saturated 
solution of the solid made with the same weight of solvent, cannot be 
the same. In the latter case, although the heat developed by the 
chemical action will be the same, yet because of the osmotic pressure, 
the particle passing into solution will absorb more heat. 

The following experiments show this clearly : 

Four portions of 25 c.c. of water were taken, and 2}, 5, 74, and 10 
grams of calcium propionate placed beside them. After standing 
many hours at 12°4°, the several portions were mixed with the water, 
and the alterations of temperature noted with a delicate thermometer. 
The increases in temperature were respectively 3°5°, 6°2°, 7°6°, and 
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83°. These values, as was expected, are not proportional to the 
weights of solid dissolved. 

The heat changes produced when the same weight of solid was 
dissolved in solutions of different concentrations made with the same 
weight of solvent were next determined. 

Twenty-five grams of water and solutions, made by dissolving in 
25 grams of water 24, 5, 74, and 10 grams of calcium propionate 
respectively, were prepared. When all the materials were cooled to 
12°4°, 24 grams of solid were added to each vessel. Increases of 3°5°, 
2°, 1°4°, 0°9°, and 0°6° were obtained. These results are shown 
graphically on Fig. 2. 

Thus the more concentrated the solution, the less the amount of 
sensible heat evolved when a given weight of solid is dissolved in it, 


Fic. 2.—Heat of solution of calcium propionate. 
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and if solution can be continued so that a supersaturated solution is 
i produced, absorption of heat may take place. Thus Reicher and 
| Deventer (Zeit. physikal. Chem., 1890, 5, 559) state that cupric chloride 

dissolves in water with evolution of heat, but that in a completely 
saturated solution it dissolves with reduction of temperature. 

This heat of solution in a saturated solution can be experimentally 
found, for if a supersaturated solution be made at a certain tempera- 
ture, changed to another temperature, and the excess of solid separated 
out by dropping in a crystal, the amount of heat absorbed by a solu- 
; tion supersaturated at a low temperature, or the amount of heat evolved 

from a solution supersaturated at a high temperature, will be the same 
as that evolved or absorbed respectively by the solution of the separated 
solid if the solution could take place in a saturated solution. 
VOL, LXXXI, co 
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The solubility curve represents only the heat changes which will be 
produced by dissolving a particle of solid in a solution nearly saturated. 

Considering a curve like that of calcium propionate, and starting 
from the point of least solubility, if the temperature is raised the 
solution becomes unsaturated, solid passes into solution, and heat is 
absorbed ; if the temperature is lowered, solid also passes into solution 
and again heat is absorbed. A downward curve will therefore 
indicate evolution, and an upward curve absorption, of heat when a 
particle of solid finally saturates the solution. 

When, however, a solution is dilute, even if the temperature is above 
that of the least solubility, the addition of solid still causes an evolu- 
tion of heat. The statement which is generally made that if a solid 
when placed in water dissolves with evolution of heat it will diminish 
in solubility with rise of temperature, is only partially true ; the solu- 
bility curve indicates only the sign of the heat of solution in a nearly 
saturated solution. 


The Influence of Pressure on the Equilibrium in a Saturated Solution. 


When pressure is applied to a saturated solution in contact with the 
solid, the effect will be different according as the total volume of solid 
and liquid is greater or less after solution than before. 

If the solid plus the solution has a greater volume than the solid 
plus the solvent, that is, if there is an expansion during solution, ex- 
ternal pressure tending to diminish the volume increases the osmotic 
pressure by increasing the concentration in a greater ratio than the 
thermal energy of the solid is increased by compression, particles return 
to the solid and the amount of substance in solution is diminished. 

If, however, the solid plus the solution has a smaller volume than 
the solid and solvent, the external pressure tending to diminish the 
volume helps the solution of the solid and the concentration of the 
liquid increases. 

Thus the pressure helps most the forces which tend to cause a dimin- 
ution of volume and alters the equilibrium in the direction in which 
these forces act. 

Experimental proofs of these facts have been given by Sorby (Proce. 
Roy. Soc., 1863, 12, 538) and Braun (Ann. Phys. Chem., 1887, 30, 250), 
and in addition Braun showed from thermodynamical considerations 
that with the same pressure the sign of the heat of solution would 
influence the amount of solid dissolved. 

When, therefore, the solubility curve is convex and the beat of 
solution in a saturated solution changes from positive to negative with 
rise of temperature, the effect of pressure considered apart from any 
change of volume will be different at different parts of the curve. 
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No data are available for the volumes of solid and saturated solution 
of a substance like calcium propionate at various temperatures, and the 
true change of equilibrium by change of pressure cannot be followed. 

The effects of small changes of pressure are, however, so slight that 
in considering the shape of a solubility curve they may be neglected. 


Compound Solubility Curves. 


From the foregoing considerations, it is obvious that the forces at 
work during solution slowly change their values with rise of tempera- 
ture, and the resultant curve for the same substance must be an 
unbroken line. 

If a solubility curve shows one or more breaks, the points of flexure 
are the meeting places of curves representing the solubilities of 
different hydrates, which are physically different substances. 

Experiment proves this to be the case: no broken curve is obtained 
for a substance which cannot change in composition with the tem- 
perature, If an anhydrous salt is in contact with the solvent at a low 
temperature, the solubility curve will be unbroken ; if the solid contains 
water of crystallisation the curve is broken or simple, according as the 
substance in contact with its saturated solution loses water or not 
in the range of temperature employed. 

The point of flexure is neither the end of one curve nor the 
beginning of the next curve; it is simply a place of meeting. The 
lower temperature curve may, under favourable conditions, be 
continued above the transition point, and the higher temperature 
curve can pass below it, but the equilibrium is then unstable, and it is 
experimentally difficult to prevent change to the more stable solid. 

The condition of equilibrium at a transition point is interesting: 
two solids are there in equilibrium with the same solution, the sums 
of the thermal energy and affinity in both are therefore equal, since 
they are both subjected to the same osmotic pressure. From the point 
of view of the “phase rule,” it is a non-variant equilibrium ; two 
components are present: the solid and water, and ,there are four 
phases: one liquid, one vapour, and two solid, There is no degree of 
freedom, and any change of temperature or pressure destroys one of 
the solid phases, producing a mono-variant system. : 

It is probable that all solubility curves which have been drawn, 
showing a continuous bend concave to the temperature axis, should 
be two curves, The observer, when joining the points found experi- 
mentally, has missed the transition point. 

This is the case with barium acetate, the solubility of which was 
determined by Tilden and Shenstone (Phil. Trans., 1884, 174, 23) and 
the curve is figured in several books (Ostwald’s Lehrbuch, vol. i.). 

cco2 
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I have found that there is no concave part on this curve, and that 
the investigators by estimating the solubility only at points widely 
apart, and neglecting to analyse the solid in contact with the solution, 
joined points on two different curves and cut off the transition 
point. 

Another case is that of calcium isobutyrate, where Chancel and 
Parmentier missed the meeting point of the two curves shown on 
Fig. 4 in the preceding paper. 

From theoretical considerations, it would seem that the existence of 
solubility curves concave to the temperature axis was improbable, and 
in all cases where concave curves have been carefully examined they 
have been shown to be due to two substances, the exact point of 
mutual equilibrium of which had been missed. 

Summing up, we have found that there are three factors which 
condition the solubility of a substance: the affinity of solid and 
solvent, the thermal energy of the solid, and the pressure of the 
dissolved particles, and that the values of these vary with temperature 
and pressure. 

When equilibrium is attained, a solution is saturated, and a curve 
of solubilities is an exact representation of the resultant of the 
solubility factors at varying temperatures. If the values of the 
factors vary directly with the temperature, the solubility curve is a 
straight line; when the change is at a different rate, a curve is ob- 
tained. No well authenticated case of a solid the solubility of which 
is represented by a curve concave to the temperature axis is known, 
and the normal shape is either a straight line or a convex curve, 

Many calcium salts have solubility curves which descend with rise 
of temperature, reach a minimum, and then ascend, but other sub- 
stances have solubilities represented by portions of such a curve. It 
will depend on the relative values of the solubility factors, and on the 
range of temperature over which the estimations have been made, 
whether a curve will descend and rise, or descend only, or as is most 
commonly the case be an ascending curve. 
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XXXVI.—Enzyme Action. 
By Aprian J. Brown, 


Introduction. 


In a paper on the fermentative functions of yeast (Trans., 1892, 61, 
380), the author described some experiments which showed that the 
character of the action of fermentation differed in a very marked 
manner from the character of the action usually attributed to enzyme 
change. 

The author’s experiments indicated that during fermentative change 
a constant amount of yeast decomposes an approximately constant 
weight of sugar in unit time in solutions of varying concentration, and 
that the velocity of fermentative action is therefore represented 
graphically by a straight line. On the other hand, the character of 
the action usually attributed to an enzyme is that a constant amount 
of the ferment changes in unit time a constant fraction of the reacting 
substance present, and that the velocity of its action is represented by 
the logarithmic curve of mass action. 

At the time the author’s work (/oc, cit,) was published, the fermen- 
tative power of the yeast cell was considered to be a life function 
inseparable from the cell, and there appeared to be nothing specially 
remarkable in the observation that fermentation, a life function, 
differed in the velocity of its action from enzyme action, But since 
the more recent work of Buchner has demonstrated that the phenomenon 
of fermentation is caused by enzyme action, the question assumed 
another aspect. If fermentation is now regarded as an enzyme action, 
then, either the velocity of its action must be regarded as differing 
essentially from that which is usually attributed to other enzymes, or 
the experimental evidence on which the assumed difference rests must 
be regarded as misleading, 

It was with the intention of investigating this question that the 
author commenced the work described in the following paper. 


Velocity of the Action of Fermentation. 


If the view is adopted as a working hypothesis that the supposed 
difference in velocity of the actions of fermentation and ordinary 
enzyme change does not exist, but that it isdue to some misconception, 
it is evident misconception may have arisen concerning either the 
velocity of fermentation or that of ordinary enzyme change, and con- 
sequently a re-examination of the experiments by which both velocities 


-have been determined appeared desirable, 
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As the author is responsible for the experiments by which the 
velocity of fermentation has been determined, he commenced his in- 
vestigations by repeating them. It does not appear necessary, how- 
ever, to give the results of this work, for the experiments were similar 
to those described in the earlier paper (Joc. cit.), and the results fully 
confirmed the conclusion that fermentative action does not proceed in 
accordance with the law of mass action. 

As the general character of the action of fermentation appeared to 
' be thus established, the author proceeded to examine the experimental 
' evidence from which the conclusion is drawn that the velocity of 
enzyme action accords with the law of mass action. 


Velocity of Enzyme Action. 


The generally accepted view regarding the velocity of enzyme action 
is based on the researches of Cornelius O’Sullivan and F. W. Tompson 
on the action of invertase on cane sugar (Trans., 1890, 57, 865). These 
authors demonstrated the velocity of the action of invertase in the H 
following manner. 

Invertase was caused to act in solutions of cane sugar, and during 
the progress of the actions the quantities of sugar inverted during a 
succession of time intervals were determined. By this means, obser- 
vations were obtained from which time curves were constructed which 
represented graphically the velocity of the action of inversion. When 
these curves were compared with the curve representing simple mass 
action, a very close agreement in shape was observed, which appeared 
to indicate that they were of the same order, and from this close 
agreement in shape, C. O’Sullivan and Tompson concluded that the 
action of invertase instanced the operation of the law of mass action. 

This conclusion has also received confirmation from the researches 


of James O’Sullivan on the power of inversion of living yeast cells . 
(Trans., 1892, 61, 926), the experiments of this author indicating that 

the velocity of action of the living cell is the same as that of the ex- | 
tracted invertase used by C. O’Sullivan and Tompson in their experi- ; 
ments. 


The evidence referred to is, so far as the author is aware, all 
that has been brought forward to support the conclusion that the 
velocity of enzyme action indicates the operation of a simple mass 
action. 

Hitherto, no doubt, the want of additional evidence has not been 
felt, owing to C. O’Sullivan and Tompson’s experiments appearing 
conclusive so far as invertase is concerned, and also to the fact that 
the conclusion these authors arrived at with regard to the character 
of enzyme action .is one which there is every reason to anticipate, 
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But when the character of the action of fermentation, now very 
generally recognised as an enzyme action, was found to differ essen- 
tially from that attributed to invertase both in the free state and within 
the living yeast cell,* it raised doubt in the author’s mind regarding 
the accuracy of C. O’Sullivan and Tompson’s conclusion. Moreover, the 
author found that he was not alone in his distrust, for it has already 
been pointed out by Duclaux, in a criticism on C. O'Sullivan and 
Tompson’s work (Ann. Inst. Pasteur, 1898, 12, 96), that the logarithmic 
curve representing the action of invertase, on which OC, O’Sullivan and 
Tompson founded their conclusion, may be shaped by other causes 
than the supposed action of mass. For Duclaux maintains that 
such a curve represents, not only a decrease in a changing substance, 
but also, and equally well, an increase in the products of change, and 
it is possible these products of change may act as the influence shaping 
the curve and not the influence of mass action. No experimental 
evidence sustaining this point is, however, brought forward by 
Duclaux. 

As ©. O'Sullivan and Tompson’s conclusion rests entirely on the 
shape of the curve representing the action of invertase, the author 
considered it advisable first to repeat the experiments from which the 
curve was derived. Conditions of experiment similar to those used by 
C. O'Sullivan and Tompson were employed, but the invertase used 
was prepared in a different manner from the enzyme with which these 
authors experimented. 

C. O’Sullivan and Tompson worked with invertase obtained from an 
extract of auto-digested yeast by precipitation with alcohol, and in so 
doing encountered the difficulty that the action of invertase prepared 
in this manner was very irregular unless it was associated with a 
small quantity of sulphuric acid. Moreover, the amount of acid re- 
quired to reach the point described by these authors as “the most 
favourable condition of acidity,” at which point it was necessary to 
work, varied in every experiment in a most remarkable manner. 

It appeared very desirable to avoid this complication when repeating 
C. O'Sullivan and Tompson’s experiments, so the author employed in 
his experiments an extract of invertase prepared from dried yeast by 
digestion with water. An extract of invertase prepared in this 
manner was quite suitable for the purpose of the experiments, and 
the risk of modifying the activity of the invertase by precipitation 
was avoided. That this method of obtaining a preparation of in- 
vertase suitable for experiment was preferable to that employed by 
C, O'Sullivan and Tompson was evidenced by the invertase being free 
from the irregularities of action associated with the precipitated in- 

* Presumably, invertase within the wall of the living cell is in the same position 
as zymase with regard to its action as an enzyme, 
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vertase used by these authors, and, in consequence, it could be em- 
ployed without the complicating addition of sulphuric acid. 

The author’s experiments, like those of C, O’Sullivan and Tompson, 
consisted in the addition of a suitable amount of invertase solution to 
a solution of cane sugar, and in determining, by means of a polari- 
meter, the fractions of the sugar inverted during successive intervals 
of time. 

Instead, however, of expressing the velocity of the inversion change 
by means of a curve, the author preferred to make use of the value k, 


This well-recognised means 


derived from the expression Jlog 


l-2z 
of expression, usually adopted now to demonstrate such changes as 
those of a mass action, has the advantage of avoiding certain difficulties 
which attend the comparison of calculated and experimental curves. 

The results of two series of experiments determining the velocity of 
the action of invertase are given in Tables I and II: 


TaBLe I.—Velocity of inversion change in 9°48 per cent. solution of cane 
sugar. 500 c.c. of solution of sugar and 25 c.c. of invertase solution 
used.» Temp. 30°. 


Duration of time interval Fraction of sugar 1 1 
in minutes. inverted in 6. ot ‘ 


0°00445 
0°00483 
0°00571 
0°00698 
0°00737 


During the course of a change proceeding as a simple mass action, it 
is well known that the value k, determined for any point of the action, 
is a constant. But in the experiments described in the above tables it 
will be noticed that the value & increases in both experiments as in- 
version proceeds, until the value at the termination of the experiments 
is about 70 per cent. higher than at the beginning.* 

Now, these results do not support the view that the action of in- 
version instances a mass action, as C. O'Sullivan and Tompson believed, 
for they differ very materially from the results these authors obtained. 
But in order to emphasise more distinctly the difference between the 

* It will be noticed that there is no indication of ‘‘ reversion” in these inversion 


experiments. An increase in the value of k denotes an increasing velocity ; re- 
version would lead to a decreasing velocity, 
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TaBLE II.—Velocity of inversion change in 19°28 ne: 
cane sugar. 500 c.c. of sugar solution and ¢ 
solution used. Temp. 30°. 


Duration of time interval Fraction of sugar 
in minutes, inverted in @. 
0. x. 


30 0°130 0°00201 

64 0°256 0°00201 
120 0°454 0°00219 
180 0°619 0°00232 
240 0°738 0°00242 
800 0°831 0°00257 
360 0°890 0°00265 
420 0°935 0°00283 
480 | 0°961 0°00293 
540 0°983 0°00327 
581 0°990 | 0°00344 


character of the action of inversion and that of a mass action, the 
results of an experiment involving mass action are given in Table III 
for the purpose of comparison. In this experiment, the author em- 
ployed sulphuric acid to invert cane sugar, and thus obtained results 
from a typical mass action, which are directly comparable with those 
effected by invertase. 


TaBLE III.—Velocity of inversion change of cane sugar by acid. 600 c.c. 
of a 20 per cent. solution of cane sugar, and 35 c.c. of normal 
H,SO, used. Temp, 48°. 


Duration of time interval Fraction of sugar 1 1 
in minutes. inverted in 6. bn —bg— . 


0°00261 
0°00271 
0°00274 
0°00275 
0°00278 
0°00281 
0°00275 
0°00279 
0°00278 


Mean 
result } 0°00275 


The above experiments show very clearly, when a true mass action 
is followed under experimental conditions similar to those used when 
determining the character of the action of invertase, that a very differ- 
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ent result is obtained. The small and irregular variation in the value 
of &* is very different from the regular and well marked increase in 
the value of & observed in the experiments with invertase given in 
Tables I and II, and from this there can remain but little doubt that 
the order of progression of inversion differs essentially from that of 
a mass action. At present, the author has not attempted to determine 
any expression for the order of progression of inversion under the con- 
ditions of his experiment, because, for the immediate purpose of his 
investigation, it is only necessary to show that inversion does not 
proceed as a mass action.t 

Although the author’s experiments throw the greatest doubt on 
the accuracy of the conclusion that inversion evidences mass action, they 
cast very little light on the true character of the action of invertase, 
and in order to obtain more knowledge, it became necessary to adopt 
some method of experiment different from that which has already been 
described. 

* The variations in value of % are no doubt due to experimentalerror. Very slight 
changes in temperature have a marked influence on the velocity of inversion change 
by acid. 

’, Since writing the above, a communication from Victor Henri has been pub- 
lished (Compt. rend., 1901, 188, 891) on the velocity of inversion change. This 


author arrives at the conclusion that the action proceeds in accordance with the 


expression 2k; =Hlogi ** ° 
-2 


On applying this purely mathematical expression of velocity to the inversion ex- 
periments described in Table II, the following results have been obtained : 


TABLE II.—Recaleulated. 


Duration of time interval Fraction of sugar Fo 
in minutes. inverted in @, 2k, =~log-— . 

0. 2. 6 1-2 
30 0°130 0:00376 
64 0°256 0°00355 
120 0°454 0°00356 
180 0°619 0°00346 
240 0°738 0°00343 
300 0°831 0°00353 
360 0°890 0°00343 
420 0°935 0°00351 
480 0961 0°00354 
540 0'983 0°00383 
581 0°990 0°00395 


It will be observed from the remarkably close agreement of the numbers in the 
third column, representing the values 2k, that the author’s experiments indicate a 
very similar velocity for inversion change to that which is represented by Henri’s 
expression. This is of interest as further assisting to establish the fact that the 
progress of an inversion change is not ordered in conformity with the law of mass 
action, 
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Such a method exists in causing a constant amount of invertase to 
act on varying amounts of cane sugar in constant volume of solution 
for a constant brief interval of time. Under these conditions, the 
variable in the actions is the amount of reacting substance (cane sugar) 
present, and in a simple mass action under these conditions, the amount 
of reacting substance changed in unit time is a constant fraction of the 
reacting substance present.* 

In Table IV, the results of a series of five experiments are given in 
which a constant amount of invertase has acted on varying amounts of 
sugar under the conditions just named : 


Taste I1V.—Jnversion changes by a constant amount of invertase acting 
in constant volume of cane sugar solutions of varying concentrations, 
in constant time. 1 c.c. of invertase solution added to 100 c.c. of 
cane sugar solution in each experiment. Temp. 28°. 


No. of Grams cane Grams cane Fraction of cane 1 1 
experi- sugar per sugar inverted in | sugar inverted in k=~log_——. 
ment, 100 c.c. 60 minutes, 60 minutes=z. @ 1-2 

1 4°89 1°230 0°252 0°00210 

2 9°85 1°355 0°138 0°00107 

3 19°91 1:355  ~ 0068 000051 

4 29°96 1°235 0°041 0°00031 

5 40°02 1076 0°027 0-00020 


* When the law of mass action was evidenced by Ostwald’s experi- 
ments on methyl acetate (Joc. cit.) under conditions similar to those 
employed in the above experiments, he found that a constant fraction 
of the methyl acetate present in each solution was hydrolysed in unit 
time, and therefore, if the action of invertase is an instance of simple 
mass action, a constant fraction of the cane sugar present in each of 
the above experiments should be inverted. But it will be noticed that 
instead of a constant fraction, a constant (or approximately constant) 
weight of the cane sugar is inverted. The fraction inverted diminishes 
in inverse proportion to the amount of cane sugar present in the 
experiments, and, as a consequence, the value k, which is constant in 
a true mass action, varies toa very large extent. 

These experiments,t therefore, confirm the conclusion derived from 
the experiments given in Tables I and II, that the influence of 


* For experimental confirmation of this necessary consequence of mass action, see 
Ostwald on the hydrolysis of methyl acetate by hydrochloric acid (‘‘ Outlines of 
General Chemistry,” p. 353). 

+ Duclaux (Joc. cit.) quotes some experiments with invertase derived from Asper- 
gillus niger which fully confirm the author’s experiments described in Table IY. 
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mass action does not rule in inversion change. Moreover, when the 
velocity of the action of inversion determined in the manner des- 
cribed in Table IV is examined, it will be noticed that the action is 
Similar in character to that of fermentation, referred to at the com. 
mencement of this paper. During alcoholic fermentation, a constant 
amount of yeast decomposes in unit time an approximately constant 
weight of sugar in equal volumes of solution containing varying amounts 
of sugar. Invertase is now found to invert approximately constant 
quantities of cane sugar under similar conditions. Therefore the sup- 
posed difference in character of the two actions of fermentation and in- 
version which led the author to commence the investigation described 
in this paper does not exist, for the action of both, if expressed graph- 
ically, is represented approximately by a straight line. So far, there- 
fore, the first object of the investigation is attained. 

Although experiments carried out in the manner just described 
show that the general character of the action of invertase resembles 
that of fermentation, they do not explain the apparent paradox that 
when the action of invertase is studied during a series of consecutive 
changes in a single solution, the velocity of the action is then repre- 
sented, not bya straight line, but by a curve, showing that there is a 
decrease in the absolute amount of sugar inverted during each time 
interval (see the experiments in Tables I and IT and foot-note to p. 378 
which indicate that, although the curve of the action is not so pro- 
. nounced as the logarithmic curve of mass action, it is still very 
marked). 

Apparently there are two causes which may lead to the production 
of such a curve during the continued action of invertase in a solution 
of cane sugar. Either it may be due toa natural weakening of the 
invertase by continued work,* or it may be due, as Duclaux has sug- 
gested (loc. cit.),to the action of invertase being influenced prejudicially 
by the accumulation of its own products of inversion. From what is 
known regarding the very large amount of cane sugar which is 
capable of being hydrolysed by a very small amount of invertase, the 
former cause appeared to be far less probable than the latter, so the 
author turned his attention to the investigation of the possible 
retarding influence of inversion products on the action of invertase. 


Action of Inversion Products on the Velocity of Inversion Change. 


The method of experiment adopted by the author was to observe the 
action of a constant amount of invertase during a brief interval of 
time in equal volumes of solutions containing a constant amount of 


* Some interesting experiments of Victor Henri (Joc. cit.) indicate that sustained 
work does not weaken the action of invertase, 
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cane sugar and varying amounts of invert sugar. The invert sugar 
used in the experiments was prepared by the action of invertase on a 
concentrated solution of cane sugar until complete inversion was 
obtained, the invertase being then destroyed by raising the temperature 
of the solution to 90°. 

The following table gives particulars of a series of experiments in 
which different amounts of this solution of invert sugar were mixed 
with a constant amount of cane sugar solution, the total volumes of 
the solutions in the different experiments being made constant : 


TaBLE V.—IJnfluence of invert sugar on the action of invertase. Volume 
of each experiment, 100 c.c. 1 ¢.c. of invertase solution used in each 
experiment. Time of change, 80 minutes. Temp. 30°. 


No. of Grams cane sugar Grams invert sugar | Grams cane sugar in- 


experiment, | present in 100 c.c. present in 100c.c. | verted in 80 minutes. 


4°06 none | 2°27 
| 
| 


1 

2 4°06 1°47 2°21 
38 4°06 5°39 1°99 
4 4°06 11°38 1°66 
5 4°06 17°37 1:25 


In these experiments, if the presence of invert sugar exerted no 
influence on the action of invertase, the quantities of cane sugar 
inverted in constant time would be constant, for the same quantities 
of cane sugar and invertase were present in all the experiments. But 
an examination of the table shows that the amount of cane sugar 
inverted decreased as the quantity of added invert sugar increased, 
until, in the last experiment (No. 5), the quantity of cane sugar 
inverted has been reduced to nearly one-half in the presence of 17°87 
grams of invert sugar. 

The series of experiments indicate, therefore, that the presence of 
invert sugar has diminished the activity of invertase, and that the 
arresting influence has increased as the amount of invert sugar has 
increased. But it is possible that the arresting influence of invert 
sugar may be due, not to the presence of the sugar as such, but to the 
increased viscosity of the solution containing it, for, owing to the 
manner in which the experiments were conducted, the total amount of 
sugars in the different solutions is an increasing one from the first to 
the last experiment. In order to investigate this question, a series of 
experiments was conducted in a similar manner to those described in 
Table V, excepting that lactose was used in the place of invert sugar. 
Lactose is a sugar which is not changed by the action of invertase, but 
its solutions possess a viscosity almost identical with that of solutions 
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of invert sugar of similar concentrations. Therefore in a series of ex- 
periments with lactose in place of invert sugar, the factor of increas- 
ing viscosity is introduced apart from any special influence possessed by 
invert sugar alone. ' 

The results of a series of experiments with lactose are given 
below : 


Taste VI.—ZJnfluence of lactose on the action of invertase. Volume in 


each experiment, 100 c.c. 1 c.c. of invertase solution used. Time 
of change, 60 minutes. Temp. 28°. 


No. of Grams cane sugar Grams lactose Grams cane sugar in- 
experiment. | present in 100 c.c. present in 100 c¢.c. | verted in 60 minutes. 
1 7°0 | none 2°072 
2 70 | 5-0 2-052 
8 7-0 | 10°0 2-052 
4 70 | 20°0 1°893 


The results given in this table show that the influence on the action 
of invertase of the viscosity (or any other property) of the lactose 
used in the experiments is comparatively insignificant. In experiments 
2 and 3, the retarding influence of 5 per cent. and 10 per cent. of 
lactose lies almost within the limits of experimental error, and in 4, 
in which the large amount of 20 per cent. lactose is present, the 
reduction in the amount of cane sugar inverted is only 9 per cent. 
On the other hand, it has already been shown (Table V, No. 4) that 
17°8 per cent. of invert sugar under similar conditions reduced the 
amount of cane sugar inverted to the extent of 45 per cent. The 
major part of this reduction, therefore, is not due to viscosity, but 
must be occasioned by the arresting influence of invert sugar as such. 

When the arresting influence of invert sugar on the action of 
invertase is thus established, there is then no difficulty in explaining 
the apparent paradox that the true action of invertase, which is 
indicated graphically by a straight line, is expressed by a curve when 
the action is determined for a series of progressive changes in one 
solution. Under the latter conditions, as the action of inversion 
proceeds, the products of inversion accumulate, and these consequently 
exert an increasing retarding influence on the action of inversion, and 
thus compel the action to follow the course of a curve. 


Pong 
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The Inversion Functions of Living Yeast Cells. 


So far, when discussing the action of invertase, the author has 
referred more especially to C. O’Sullivan and Tompson’s experiments 
and conclusion regarding the velocity of its action. It now remains 
to discuss J. O’Sullivan’s experiments, alluded to at the commencement 
of this paper as supporting C. O'Sullivan and Tompson’s conclusion. 

It will be remembered that J. O’Sullivan, when studying the velocity 
of the inversion change produced by living yeast in solutions of cane 


sugar (Joc. cit.), found that the value & derived from the expression 
slog was constant, or nearly so, during the progression of the 
changes, and from this he concluded that the velocity of change 
followed the law of mass action. 

There is no doubt that J. O’Sullivan’s determinations—like those 
of C. O'Sullivan and Tompson—indicate a velocity approximating to 
that of mass action, when the progress of an inversion change is 
followed in one solution ; but J. O’Sullivan has overlooked the fact— 
rendered evident by his own determinations—that, although the 
velocity in each separate change approximately follows the law, the 
value & found for comparable experiments in which varying amounts 
of sugar have been used, shows that there is no conformity with mass 
action, but, on the contrary, indicates that a constant amount of sugar 
is inverted—an action similar to that which has been shown for free 
invertase. 

For instance, in J. O’Sullivan’s paper four comparable experiments 
are described, in which equal amounts of yeast were used in equal 
volumes of solution during equal intervals of time, the only variable 
being the quantity of cane sugar present in the solutions. The results 
of these experiments are given in the table on p. 384. 

It will be noticed, on examining this table, that J. O'Sullivan 
has determined the progression of inversion in each of the four 
solutions at three time intervals, and the values of & for the changes 
in each separate solution are fairly constant; but the values k 
should also be constant for all four of the solutions if the velocity of 
change follows the law of mass action, because the solutions only differ 
in containing varying quantities of sugar. On the contrary, however, 
the value & varies inversely as the amount of sugar present, in a 
similar manner to the value & in the author’s experiments with 
invertase, given in Table IV. 

A similar conclusion may also be derived from the numbers in the 
tlumn in Table VII showing the fractions of cane sugar inverted 
during the experiments. If the first numbers in each series are 
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Taste VIT.—Velocity of inversion by living yeast cells (J. O’ Sullivan), 


Grams cane 
sugar per 
100 e.c. 


Time of action Fraction of 1 1 
in minutes. | sugar inverted. bung —. 
a. ie 


Grams of 
yeast used. 


0°5 é 0°1636 0°0025 
0°3164 0°0027 
0°5442 0:0028 


0°1042 0°0016 
0°1544 0°0012 
0°2780 0°0012 


0°0627 0°0009 
0°0850 0°0006 
0°1467 0°0006 


0°0366 0°0005 
0°0495 0°0003 
0°0862 0°0003 


compared, it will be noticed that the fractions inverted are, ap- 
proximately, in inverse proportion to the amounts of cane sugar 
present in the solutions—or, in other words, the actual quantity of 
sugar inverted is the same for all the experiments. 

Thus J. O’Sullivan’s experiments show that the velocity of action 
of the inversion function of yeast falls into line with the action of free 
invertase, and the action of fermentation,* previously demonstrated by 
the author. 


Time and Molecular Change. 


It was stated at the commencement of this paper that the author’s 
object was to examine, and, if possible, bring together, certain con- 
clusions regarding the nature of enzyme action which seemed to be 
contradictory. Experimental evidence appeared to show that on the 
one hand the action of invertase, both in the free state and confined 
within the living cell, followed the law of mass action; and, on the 
other hand, that the action of the enzyme of alcoholic fermentation 
followed a different law. The author has now shown that these 
supposed differences in character of action do not exist, and that the 
actions of both inversion and fermentation follow approximately 

* It is interesting to note the agreement in character of action of the inversion 


and fermentation functions of the living yeast cell, as it tends to strengthen the 
conclusion that fermentation is a true enzyme action. 
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the same order of progression—an order which is not that of mass 
action. 

But this conclusion, that the actions of the two enzymes exhibit an 
exceptional order of progression differing from that of mass action, 
introduces a question which requires explanation. 

It appears impossible to believe that enzyme change, however 
produced, is independent of mass action. According to our present 
conception of matter and its mechanics, such an idea appears to be 
inconceivable. ‘Therefore, in looking for some explanation of the 
exceptional character of the actions of inversion and fermentation, 
the author concludes that the influence of mass in these actions, as 
they have been studied so far, must be limited or concealed by some 
other influence. 

If such an influence is looked for, consideration shows that it may 
be due to the existence of a. time factor in certain forms of complex 
molecular change. 

When the law of mass action regulating simple chemical change has 
been confirmed by direct experiment, the reactions investigated have 
been changes such as the hydrolysis of methyl acetate by hydrochloric 
acid (Ostwald, loc. cit.) and the inversion of cane sugar by acids, In 
such experiments, the molecular change following collision of the re- 
acting molecules takes place with extreme rapidity and the existence of 
a time factor is not in evidence in experimental determinations of the 
velocity of change. But it is quite conceivable, with regard to such 
a change as that of enzyme action, that the time elapsing during 
molecular union and transformation may be sufficiently prolonged to 
influence the general course of the action. 

There is reason to believe that during inversion of cane sugar by 
invertase the sugar combines with the enzyme previous to inversion. 
C. O'Sullivan and Tompson (loc. cit.) have shown that the activity 
of invertase in the presence of cane sugar survives a temperature 
which completely destroys it if cane sugar is not present, and regard 
this as indicating the existence of a combination of the enzyme and 
sugar molecules, Wurtz (Compt. rend., 1880,91, 787) has also shown 
that papain appears to form an insoluble compound with fibrin 
previous to its hydrolysis. Moreover, the more recent conception of 
E. Fischer with regard to enzyme configuration and action, also im- 
plies some form of combination of enzyme and reacting substance. 

Let it be assumed, therefore, that one molecule of an enzyme 
combines with one molecule of a reacting substance, and that the 
compound molecule exists for a brief interval of time during the 
further actions which end in disruption and change. Let it be 
assumed also that the interval of time during which the compound 
molecule of enzyme and reacting substance exists is 1/100 of a time unit. 
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Then it follows that a molecule of the enzyme may assist in effecting 
100 completed molecular changes in unit time, but that this is the 
limit to its power of change. 

Again, let it be assumed that the number of molecular collisions be- 
tween the active and reacting molecules which lead to their combination 
bears some proportion to the number of possible completed molecular 
changes in unit time. Let the number of collisions be 20, then there 
may be 20 complete molecular changes ; if 40, there may be 40 changes. 
In fact, the action of the mass law is observed, for other conditions 
being equal, the average number of molecular collisions must depend 
on the number of molecules, or mass, of the matter present. 

But now assume that the mass of reacting substance is increased, so 
that the number of molecular collisions in unit time exceeds 100 ; 
let it be 150, 1000, or any other number larger than 100. Then, 
although the number of molecular collisions may exceed 100 by a 
number following the law of mass action, 100 molecular changes can- 
not be exceeded, for the compound enzyme and sugar molecule is only 
capable of effecting 100 complete changes in unit time. 

It follows, therefore, that if, in a series of changes like the imaginary 
ones described, a constant amount of enzyme is in the presence of 
varying quantities of a reacting substance, and in all cases the quan- 
tity of reacting substance present ensures a greater number of 
molecular collisions in unit time than the possible number of molecular 
changes, then a constant weight of substance may be changed in unit 
time in all the actions. 

When invertase acts in solutions of cane sugar of varying concen- 
trations, an approximately constant weight of sugar is inverted in unit 
time, and the yeast cell, under similar conditions, ferments an approxi- 
mately constant weight of sugar; it appears, therefore, that the ex- 
ceptional character of these changes may be satisfactorily accounted 
for by the theory advanced. 

Experimental evidence may also be brought forward in support 
of this theory. 

In Table IV, the results of the author’s experiments show that 
approximately constant quantities of cane sugar are inverted in unit 
time in solutions varying in concentration from 5 to 40 percent. If 
the results of these experiments are looked at in the light of the 
author’s theory, the number of molecular collisions in unit time in each 
experiment must have equalled, or exceeded, the possible number of 
changes by the compound molecule of enzyme and sugar. But this 
has happened in solutions containing 5 per cent. and upwards of cane 
sugar. It must, however, be possible to make solutions of varying 
quantities of cane sugar so dilute that the number of molecular col- 
lisions taking place in unit time between the sugar molecules and a 
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constant number of invertase molecules will fall below the possible 
number of changes. Then, if the author’s theory be correct, the pro- 
gress of inversion in a series of these dilute solutions of cane sugar of 
different concentrations will exhibit an action in accordance with 
the law of mass action, for the time interval of change no longer 
restricts its effect. 

It seemed very possible when commencing the attempt to demonstrate 
this experimentally that it might prove that the solutions of cane sugar 
required for the purpose were too dilute to use for experimental pur- 
poses, But when the attempt was made, it was found that the necessary 
dilutions are within the limit of experiment, as the results given in the 
following table (VIII) show : 


Taste VIII.—Velocity of action of invertase in very dilute solutions of 
cane sugar. 100 c.c. of cane sugar solution and 1 c.c. of diluted 
invertase solution employed for each experiment. Time of change, 
60 minutes. Temp. 31°. 


No. of Grams cane sugar 
experiment. per 100 c.c. 


Grams cane sugar in- k= Hog. 1 


verted in 60 minutes, @ -2° 


0°249 0°00219 
0°129 0°00239 


| 
0-308 0-00132 
0-060 0-00228 


The results given in the above table furnish very strong evidence in 
support of the view that in the dilute solutions of cane sugar employed 
the number of contacts of the sugar molecules with the invertase 
molecules in unit time have been reduced to a less number than the 
possible number of molecular changes. In experiment No. 1, in which 
a concentration of 2 grams of sugar per 100 c.c. has been used, the 
dilution appears to have been hardly sufficient to reach the desired 
point. In Nos. 2, 3, and 4, however, the quantities of sugar inverted 
in unit time are no longer constant quantities—as was found in 
the experiments with concentrations of 5 per cent. and upwards, 
given in Table [V., and decrease in direct proportion with the con- 
centrations. 

Moreover, the value & in these experiments is a constant number. 

These observations indicate a change in accordance with mass action, 
Which, according to the author’s theory, should be evidenced in solu- 
tions of sufficient dilution, There is, therefore, reason to believe from 
the results of the above experiments that the exceptional action of 
inversion in all but very dilute solutions of cane sugar is due to a time 
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factor accompanying molecular combination and change which limits 
the influence of mass action. 

It has been shown in this paper that the action of alcoholic fer- 
mentation follows approximately the same order of progression as that 
of inversion, and the work of Kastle and Loevenhart (Amer. Chem. J., 
1900, 24, 491) shows that the action of lipase progresses in the same 
manner ; it therefore appears probable that both these enzyme actions 
are regulated, like inversion, by a time factor accompanying complex 
molecular change. 

It will be noticed that the author’s theory demands, not only the 
formation of a molecular compound of enzyme and reacting substance, 
but the existence of this molecular compound for an interval of time 
previous to final disruption and change. Various speculations regard- 
ing the conditions ruling such an effect suggest themselves, but the 
author does not at present attempt to discuss this question. 


Tue British ScHoot or MALTING AND BREWING, 
UNIVERSITY OF BIRMINGHAM. 


XXXVII.—The Velocity of Hydrolysis of Starch by 


Diastase, with some Remarks on Enzyme Action. 
By Horace T. Brown, LL.D., F.R.S., and T. A. Guenpinnine, F.L.C. 


THE experimental work here described, on the rate of change during 
the hydrolysis of starch by malt diastase, was completed more than four 
years ago, but the results were temporarily put on one side, owing to 
the impossibility of reconciling them with the views then current with 
regard to the analogous changes induced by the action of invertase on 
cane sugar. 

The investigations of C. O’Sullivan and Tompson (Trans., 1890, 57 
834) and of J. O’Sullivan (Trans., 1892, 61, 926) had led these ob- 
servers to conclude that the time rate of change during the inversion 
of cane sugar by the enzyme is the same as that observed in acid hydro- 
lysis ; that it conforms, in fact, to the logarithmic formula character- 
istic of a unimolecular reaction. 

Our own observations on the hydrolysis of starch by diastase had 
convinced us that the rate of change certainly does not conform to this 
simple law of mass action, but that there is a progressive increase in 
the value of the “ velocity coefficient” which appears at first sight to 
differentiate the mode of action of diastase from that of invertase. The 
recent work of Adrian Brown and of V. Henri has shown, however, 
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that in cane sugar hydrolysis, both as regards the time elements of 
change and the influence of varying concentration, the action of the 
enzyme differs materially from that of dilute acids. 

This has led us to re-examine our experiments on starch hydrolysis, 
with the result that they are found to be in complete accord with the 
observations of the two last-mentioned chemists, thus rendering it 
probable that there will be found one fundamental law expressing the 
rate of change in all enzyme reactions which can be quantitatively 
studied with sufficient accuracy. 

If we desire to follow the course of a starch transformation as a 
function of the time, there are two methods open to us, one based on 
the diminution of the optical activity of the solution, the other on the 
augmentation of the cupric reducing power of the mixed products of 
change. 

It has been frequently shown by one of us (Brown and Millar, 
Trans., 1899, '75, 315) that when soluble starch is transformed by an 
active diastase at temperatures below 60°, the hydrolysed solution 
speedily attains definite optical and reducing properties corresponding 
to a well-defined molecular decomposition of the original starch. This 
point is reached when the mixed products of hydrolysis have attained 
a specific rotatory power of [a], 150°, and a cupric reducing power of 
R 80; R being expressed in terms of maltose per cent. of the mixed 
products. This stage of the reaction is so well defined and permanent 
that it may be regarded, under ordinary conditions of starch trans- 
formation, as an indication that hydrolysis is complete. If, therefore, 
we ascertain either the total fall in rotation (which may be expressed 
either in degrees or in arbitrary scale units), or the increase in cupric 
reduction which a given solution of starch experiences in attaining this 
final resting stage, then the rotation or reduction at any intermediate 
stage will give us a measure of the amount of hydrolysis at that 
particular moment of time. 

We have employed both these methods during the investigation, but 
since it is impracticable to use solutions of soluble starch of greater 
concentration than from 3 to 4 per cent., the total fall in optical 
activity is not large, and the errors of reading of the polarimeter con- 
sequently assume a very sensible magnitude relative to the total fall. 
Under these conditions, the optical method is far less accurate as a 
measure of the progress of the reaction than that based on cupric 
reduction, which is the one which latterly was exclusively employed. 

The experiments we have cited in this paper were carried out as 
follows. 

A 3 per cent. solution of soluble starch, prepared by Lintner’s acid 
method, was maintained at a constant temperature in a thermostat, 
and toa known volume of the solution was added a small, definite 
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amount of a cold water extract of an actively diastatic malt, the time 
of this addition being accurately noted. In those cases in which the 
transformation was to take place at an elevated temperature the malt 
extract was previously heated for an hour at that temperature, or a 
little above.* The amount of malt extract was arranged with due 
regard to the temperature at which the transformation was to take 
place, and was so adjusted that the reaction did not progress too 
rapidly for the subsequent operations. 

After the commencement of hydrolysis, and at carefully noted inter- 
vals, portions of the liquid amounting to exactly 25 ¢.c. were quickly 
taken out with a pipette, and were at once mixed with about double 
the volume of boiling water, the temperature of the mixture being 
sufficiently high to at once arrest further diastatic action. After boiling 
for a few minutes,the solution was evaporated and accurately made up 
to its original volume. The cupric reducing power was then deter- 
mined gravimetrically with Fehling’s solution under the standard 
conditions laid down in a previous paper (Brown, Morris, and Millar, 
Trans., 1897, '71, 94). Meanwhile a portion of the original starch 
solution had been hydrolysed completely down to the final stage by 
digestion for an hour at 50° with a very active malt extract added 
at the rate of 5 c.c.or more per 100 c.c. of the solution. 
This, of course, gave the maximum reducing power of the fully 
hydrolysed starch, and the ratios of the intermediate reductions to this 
amount afforded a measure of the hydrolysis at each stage. It is scarcely 
necessary to add that all the necessary corrections were introduced for 
the reducing power and the volume of the malt extract employed, for 
the small initial reducing power of the soluble starch itself, and for 
the changes of volume of the abstracted samples due to temperature. 

From the experimental data so obtained, the ‘ coefficient of velocity ’ 
was either directly calculated or, as was generally the case, the results 
were plotted out on a system of rectangular coordinates, representing 
on the one hand equal time intervals, and on the other the proportion 
of hydrolysable substance still left in solution. A perfectly even curve 
was then drawn through the experimental points with the aid of a 
flexible lath. 

If we denote the cupric reduction of unit volume of a completely 
hydrolysed starch solution as wnity, and take «2 as the ratio of the 
reduction observed at any given time reckoned from the commencement 
of the reaction, then, if the time curve representing the course of the 
hydrolysis is logarithmic, 

1 1 


G81 


* This is a necessary precaution, in order to avoid any slow changes in the 
activity of the extract after it has been added to the hot solution of starch, 
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where & is a constant representing the ‘coefficient of velocity’ of the 
hydrolysis, and @ is the time elapsed. 

The results of a few typical examples of experiments of this kind 
are given in the Tables appended to the paper, the values of & deduced 
from the above formula being given in the fourth column. 

Table I records a transformation carried out at a temperature of 
51—52° for more than 2} hours, during which time, as will be seen 
from the value of 1 —« at the close of the experiment, 95 per cent. of 
the full hydrolytic change had taken place, 

It will be noted that throughout the reaction there is a steady 
augmentation in the value of &. This is an invariable feature of all 
our numerous experiments, and proves that the course of the 
hydrolysis does not conform to the above logarithmic expression. 

If we assume that the normal curve expressing the rate of change is 
logarithmic, but that its form has been modified by secondary dis- 
turbing causes, then the constant augmentation of & points to a set of 
conditions which is producing a constant acceleration in the velocity 
of change. In other words, within any given time interval there is 
somewhat more of the residual substance hydrolysed than there should 
be according to the logarithmic -formula. 

In an early stage of the inquiry, when we still had reason to believe 
that this was an exceptional instance of departure from the “mass 
law,” we were led by certain considerations to search for the disturbing 
cause in the complex intermediate products of hydrolysis. We certainly 
cannot account for the results by assuming that they are due to the 
gradual accumulation of the products of change, with a consequent 
tendency to chemical reversion, since any influence of this kind will 
tend to diminish, not to increase, the velocity coefficient k. 

Whatever differences of opinion may still exist as to the exact 
nature of some of the intermediate products of starch transformation, 
it is quite certain that, in course of its hydrolysis with diastase, 
soluble starch, unlike cane sugar under the action of invertase or acids, 
does not at once split up into its final products, maltose and a well 
characterised dextrin. This stage is reached only through a series of 
intermediate substances of the amylo-dextrin and malto-dextrin class, 
Now it is quite conceivable, although it has never been proved, that 
these intermediate substances may show a differential resistance to 
hydrolysis. If the hydrolysis of the lower members of the series is 
more readily effected than that of the products which stand in closer 
genetic connection with starch itself, these differential properties of 
the intermediate products would almost certainly show themselves by 
some such augmentation of the velocity coefficient as we have observed. 

We attempted to solve this question experimentally in the following 
manner, 
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Two solutions, A and B, were prepared, containing the same amount 
of hydrolysable starch products, as measured by the amount of cupric 
reduction which the solutions gave on complete hydrolysis with an 
active malt extract. Solution A, however, contained starch products 
which had been only very slightly hydrolysed, whereas B contained 
more highly converted products, that is to say, a much larger 
proportion of those intermediate substances which, on the above 
assumption, ought to undergo hydrolysis more rapidly. To equal 
volumes of these solutions were added exactly equal quantities of a 
cold water malt extract, and the course of each reaction was followed 
by the time method already described, care being of course taken to 
keep all the conditions exactly the same for the two solutions. The 
result certainly did not confirm the above hypothesis of the more ready 
hydrolysis of the lower members of the series. 

It was this failure to discover any reasonable explanation of the 
augmenting value of & in starch transformations, and our consequent 
inability to bring our observations into line with the analogous 
hydrolysis of cane ‘sugar, which caused us to delay publishing our 
results four or five years ago. 

If we critically examine the results of the two starch trans- 
formations given in Tables I and II appended to this paper, we see 
that the time-curve expressing the rate of hydrolysis is approximately 
represented by a straight line until from 30 to 40 per cent. of the 
total hydrolysis is complete. This is well shown in the last columns 
of Tables I and II, where we have given the increased amount of 
cupric reduction for equal intervals of time. Within the limits 
mentioned above, the amount of hydrolysis is approximately pro- 
portional to the time. 

That the amount of transformation is, up to a certain point, a linear 
function of the time, is also well shown in the following experiment, 
where the observations have been restricted to a transformation of 
only 15'5 per cent. of the total hydrolysable products : 


Transformation of a 3 per cent. soluble starch solution with 1 ¢.c. of malt 
extract per 100 c.c. Temperature 21°. 


| Amount which should have 


| x. been transformed if 
Time in minutes. | Amount transformed. hydrolysis is directly 
| Total hydrolysis=1. proportional to the 
time. 
5 | 0°038 —_ 
10 0°077 0°076 
20 | 0°155 0°152 


Ty een, = 


HYDROLYSIS OF STARCH BY DIASTASE. 393 


In this case, the linear expression is almost strictly correct, that is 
to say, up toa point at which 15°5 per cent. is hydrolysed, we have 
equal amounts of transformation in equal times. 

We may go further than this, and ascertain the nature of the curve 
after the linear elements of it have been passed. For this purpose, we 
have taken the results given in Table I at the end of the paper, and 
have commenced from the stage of the hydrolysis which was reached 
in 40 minutes, when 0°4355 of the complete hydrolysis had been 
attained, that is to say, when 0°5645 of hydrolysable substance was 
left. Making this last value the new starting point, and taking it 
therefore as unity, we obtain the following results on recalculation : 


Old time units, minutes. New time units. k. 

40 — as 
50 10 0°00842 
60 20 0°00831 
70 30 0°00821 
80 40 0°00837 
90 50 0:00818 
100 60 0°00807 
110 70 0°00822 
120 80 0°00840 
130 90 0°00855 


The values of & no longer show the steady increase which they do if 
we take the commencement of the transformation as our starting 
point, and their approach to equality shows that this part of the curve 
is approximately logarithmic. 

We are able therefore to analyse our time curves and divide them 
into two parts, an earlier one which is Jinear, and a later one which is 
approximately logarithmic, the change from one expression to the 
other not being abrupt, but gradual. In his paper on enzyme action, 
Adrian Brown (this vol., p. 373) has brought forward a striking 
number of facts showing that the time-curve representing the action 
of invertase on cane sugar is not logarithmic, as had been previously 
believed, but that the value of & steadily augments during the reac- 
tion, just as we have found it do in the case of starch transformations. 
He has also shown that with varying concentrations of sugar, all other 
conditions remaining the same, approximately equal masses of the sugar 
are hydrolysed in equal times, providing the comparisons are made at 
an early stage of the hydrolysis; in other words, the inversion up to 
& certain point is a linear function of the time. 

Still more recently, V. Henri (Compt. rend., 1901, 138, 891) has 
also shown that the velocity of inversion of cane sugar with invertase 
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increases more rapidly than is expressed by the ordinary logarithmic 
formula of a unimolecular change. 

He proposes the following empirical formula as more accurately re- 
presenting the course of the reaction : 

1 
slog ** = 2k. 

We have applied this formula to the results obtained in our experi- 
ments on starch hydrolysis by diastase, and find that the values of i, 
so obtained are much more nearly constant than those of k derived 
from the original logarithmic expression, as will be seen on looking at 
the values of &, given in the fifth column of the appended tables, 
From what has been said, however, about the composite nature of the 
time-curve, it is improbable that any single mathematical expression 
will be found which is strictly applicable to all parts of the curve. 

It is now perfectly clear that as regards the general course of the reac- 
tions there is a close parallelism between starch hydrolysis with diastase 
and inversion of cane sugar by invertase, and that the observed changes 
in the velocity coefficient of starch hydrolysis are not necessarily con- 
ditioned by the exceptional nature of the intermediate products. Both 
reactions are linear in the early stages, and both are influenced by 
variations in the concentration of the hydrolyte. The influence of de- 
creasing concentration is to cause a larger proportion of the remaining 
substance to be hydrolysed than would be expected from the applica- 
tion of the ‘mass law’ of a unimolecular change, provided always the 
time units are reckoned from the commencement of the reaction. In 
the case of starch transformations, the simple logarithmic formula is 
fairly well applicable in dilute solutions when from 30—40 per cent. 
of the hydrolysis is complete. The same will probably be found to 
hold good with regard to cane sugar inversion. 

Henri’s formula is equally well applicable to both reactions. 

Adrian Brown (Joc. cit.) explains the results which he obtained in 
his experiments with cane sugar by assuming that an appreciable time 
elapses between the molecular union of the sugar and enzyme and the 
actual hydrolysis, and that this time interval necessarily limits the 
amount of work which the enzyme can perform, so that when the 
ratio of sugar molecules to enzyme molecules is large, a certain 
maximum amount of hydrolytic work is accomplished by the latter 
which cannot be exceeded, and that no increased effect is conse- 
quently produced by increasing the concentration of the sugar, all 
other conditions remaining the same. He obtained apparent confirma- 
tion of this by gradually decreasing the concentration of the sugar, the 
enzyme remaining constant in amount. He then found, when a 
certain low point of concentration had been reached, that the reac- 
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tion approximately conformed to the mass law, that is, was inde- 
pendent of concentration. 

It appears to us that the time-curves representing enzyme action 
can be explained in a somewhat different manner, and without pos- 
tulating any differences in the time intervals between the succes- 
sive stages of the reaction other than those due to variations in 
the respective masses of the reacting substances existing in unit 
volume, 

It will simplify matters if we consider the case of the inversion of 
cane sugar, although the same argument, with a little modification, is 
equally applicable to the hydrolysis of starch. 

When cane sugar is inverted with dilute acids of different kinds, 
but of the same molecular concentration, the velocity coefficients of 
hydrolysis not only vary in the same order as the electric conductivi- 
ties of the dilute acids, but there is also a remarkable numerical agree- 
ment in the values representing the invertive action on the one hand, 
and the electric conductivity on the other. 

The striking general agreement between these two properties has 
been emphasised by Ostwald, who has shown that it exists for a large 
number of acids (see “ Outlines of General Chemistry,” p. 360). 

This can be explained by assuming that the velocity coefficient of 
inversion is a function of the number of molecules of electrolytically 
dissociated ions per unit volume of the solution. 

The number of free hydrogen ions in unit volume of the most dilute 
acids which have hitherto been employed in such experiments must be 
very large compared with the number of cane sugar molecules, and 
under these conditions it might be expected that the course of the reaction 
would be expressed, as it actually is, by the logarithmic formula of a 
simple mass action, since for all practical purposes the cane sugar is the 
only substance of which the mass is changing. In the case of enzyme 
hydrolysis, such as that effected by invertase, the apparent active 
agent is a non-electrolyte, incapable of any appreciable dissociation, 
and at first sight it would appear that notwithstanding the identity 
of final products, there is some essential difference between acid and 
enzyme hydrolysis. We believe this is only apparent, and that enzyme 
hydrolysis is also brought about either by active water ions, or by 
active water molecules dissociated from the inactive and large aggre- 
gates of which the liquid mainly consists. 

Pure water is in itself not a perfect non-electrolyte, but even if it 
Were, we are never dealing with pure water in such experiments, and 
the remarkable influence of very minute but sensible amounts of acid 
in intensifying the action of invertase and diastase is so well estab- 
lished as in itself to suggest that water dissociation in some form or 
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other is intimately bound up with the action of these and other 
enzymes,* 

The ordinary conditions of feeble acidity necessary for the complete 
development of these enzyme actions are not sufficient to produce any 
appreciable direct hydrolytic action on the cane sugar within the time 
ordinarily occupied by such an experiment and within the limits of 
temperature necessarily imposed. In such cases, however, there can 
be little doubt that hydrolysis is preceded by a combination of the 
hydrolyte with the enzyme, and that this combination is much more 
unstable and less able to withstand the action of the active ions or 
dissociated molecules of the electrolyte than the original cane-sugar.t 

According to this view these active ions are the true hydrolysts, not 
the enzyme itself, which has only an intermediate function, and it is now 
necessary to consider how this way of looking at the facts will affect 
our conception of the rate of change of the hydrolyte. 

A solution of cane sugar undergoing hydrolysis by invertase must 
contain the following substances : 

A—the unaltered cane sugar. 

a—the cane sugar in combination with the enzyme. 

b—the added enzyme, a portion of which, 0’, is at any one moment 
in combination with a. 

(a+ 6')—the combination of cane sugar and enzyme. 

a,—the products of hydrolysis of a. 

x—the free water ions, or dissociated water molecules, which act as 
the true hydrolysts. 

It is assumed that, owing to favourable conditions, the number of 
active ions, x, is very large indeed compared with that of the other 
reacting molecules, and further that there is no difference in the 
respective velocities of the other reactions except those conditioned by 
the varying masses of the reacting substances in unit volume. 

If we wish to follow an inversion experimentally, it is always 

* On the question of the influencesof mere traces of acid on the action of diastase 
and invertase, see Baranetzky, Die Starkewmbildenden Fermente in den Pflanzen, 
Leipzig, 1878 ; O'Sullivan and Tompson, Trans., 1890, 57, 855; Brown and Morris, 
Trans., 1890, 57, 511; Fernbach, Journ. Fed. Inst. Brewing, 1896, 128. 

The extreme sensitiveness of both diastase and invertase to minute quantities 
of alkali in the solution becomes easy to understand if the hydrolytic action is con- 
ditioned by the presence of electro-positive ions. 

+ There is a considerable amount of experimental evidence in favour of there being 
a real combination of hydrolyte and enzyme prior to hydrolysis. The recent work 
of Emil Fischer, showing that there is some sort of stereochemical relatiorship 
between hydrolyte and enzyme, seems to point to the possibility of the enzyme itself 
holding the combined hydrolyte with some definite orientation, which facilitates the 
action of the active water ions upon it. The enzyme may be regarded therefore as 
the vice which holds the sugar molecule in a position favourable for the splitting 
agent to act, 
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necessary to restrict its velocity, and in.order ,to do this the 
concentration of b, the added enzyme, must be very small in relation 
to the initial concentration A of the cane sugar. In the earlier stages 
of the hydrolysis therefore, A in unit volume will be very large 
compared with (a+0’), the combination of cane-sugar and enzyme 
present at any moment. But (a+0’) must ‘strictly speaking be 
considered the starting point from which the hydrolysis commences, 
the true hydrolyte, in fact, and the velocity of the inversion will 
depend on the concentration of (4+6'). So long as the concentration 
of the unaltered cane sugar A remains very large compared with 
(a+0’), this latter will remain almost constant, and equal amounts of 
inversion wili take place in equal times: the time ‘curve’ will in fact 
be approximately a straight line. When, however, the concentration 
of A is materially reduced and begins to approach that of (a+6’) in 
the order of magnitude, then, by the ordinary laws of mass action, 
(a +0’) will gradually get smaller, and the rate of inversion will more 
nearly approach the logarithmic expression.* 

This explanation accords very well with all the known facts, as will 
be seen from the following considerations. 

We have seen from the results obtained by the hydrolysis of starch 
by diastase that the first part of the time reaction is represented by a 
straight line. This has also been found to be the case by Adrian 
Brown as regards the inversion of cane sugar by invertase; not only 
do the first portions of the curves approach very nearly to straight 
lines, but he also finds that, with equal concentration of invertase, 
considerable variations in the initial concentration of the sugar up 
to a certain stage of the reaction do not materially affect the absolute 
amount of sugar inverted in a given time. This we should expect 
from what has already been said : when a certain point is reached, any 
increase in A no longer sensibly influences the value of (a+0'), which 
is really the regulating factor of the reaction, and so long as these 
conditions exist we have equal amounts of hydrolysis in equal 
times. 

Our hypothesis also affords an explanation of Kjeldahl’s empirical 
“law of proportionality,” which may, in fact, be deduced from it. 
Kjeldahl found that the relative diastatic power of two solutions is 
expressed by the cupric reducing power produced in a given time when 
the enzyme solutions act on the same weight of starch at the same 
temperature, provided always the reducing power is not allowed to go 


* We have here, for the sake of simplicity, omitted any reference to the disturbiag 
influence produced by the accumulation of a,, the products of inversion. Towards 
the close of a hydrolysis of a fairly concentrated solution this effect is unquestionably 
noticeable, but we doubt whether it has much influence in determining the form of 
the curve of dilute solutions, such as we used for starch transformations, 
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beyond R 40—49.* This corresponds to the hydrolysis of from 50 to 
60 per cent. of the starch. It is clear, however, from an inspection 
of Kjeldahl’s own curves, expressing the amount of hydrolysis with 
varying quantities of diastase, that the reaction is not by any means 
rectilinear as far as R 40, although it may be sufficiently so for all 
practical purposes of diastasimetry. It is, however, very nearly 
straight as far as R 29, at which point about 36 per cent. of the full 
hydrolysis is complete. This corresponds very closely with our own 
observations, already referred to, on the straight part of the 
curve. 

The conditions of Kjeldahl’s experiment amount to increasing the 
concentration of b, and consequently of (a +0’), leaving everything else 
the same. Under these circumstances, the hydrolysis effected in a 
given time will be approximately proportional to the concentration of 
(a+0’), provided the reaction is not allowed to go so far that the con- 
centration of A, the untransformed hydrolyte, is no longer able to 
maintain the combination of the enzyme and hydrolysable substance 
practically constant. This is guarded against by making the com- 
parisons for cupric reduction within the time during which the course 
of the reaction is practically rectilinear, and when, consequently, a 
large amount of hydrolysable material still remains. 

We can also make another important deduction from our hypothesis, 
and predict that by largely increasing the relative amount of enzyme 
to hydrolyte, that is to say, increasing the value of (a +0’) in relation 
to A, the more completely will the linear element of the time-curve be 
eliminated, and the more nearly will the course of the whole reaction 
be represented by the unimolecular formula slog + — =k. 

In actual practice, it is not possible to go very far in this direction, 
since the velocity of the action then becomes so great that the course of 
the hydrolysis cannot be followed with sufficient accuracy. The re- 
sults of Adrian Brown’s experiments on the inversion of very dilute 
solutions of cane sugar with fixed amounts of enzyme point, however, 
to the correctness of this deduction, for he found under these condi- 
tions that the ‘‘velocity-coefficient ” was much less influenced by varying 
concentration ; in other words, there was a much nearer appoach, even 
in the earlier stages of the reaction, to the simple logarithmic expres- 
sion of a unimolecular change. 

We must express our thanks to Mr. D. McCandlish for assistance in 
the experimental part of this inquiry. 


* In his original paper (Meddelelser f. Carlsberg Lab., 1, French Réswmé, p. 117), 
Kjeldahl has employed an older form of notation for expressing the reducing powers. 
We have converted them into the usual form, which expresses the specific reducing 
powers in terms of percentage of apparent maltose, 
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In the following tables : 

6=the time units elapsed from the commencement of the experi- 
ment. 

x =the proportion of substance hydrolysed when 1 =total hydrolys- 
able substance. 


k=“ velocity-coefficient ” from formula slog — =k. 


k, = velocity-coefficient from Henri’s formula slog; + * = 2h, 


TaBLE I.—Transformation of a 3 per cent. starch solution with 0°25 c.c. 
of malt-extract per 100 c.c. of solution. Temperature, 51—52°. 


6. Amount of trans- 
Time in : . , ky. formation in equal 
minutes. time intervals. 


0°00498 0°00472 
0°00553 0°00497 
0°00590 0°00504 
0°00620 0°00506 
0°00650 0°00518 
0°00690 0°00518 
0°00706 0°00514 
0°00728 0°00514 
0°00730 0°00504 
0:00732 0°00495 
0°00749 0°00495 
0°00762 0°00497 
0°00779 0°00497 
0°00791 0°00497 
0°00814 0°00503 
0°00813 0°00492 


Taste Il.—T7ransformation of a 3 per cent. starch solution with 1 c.c. of 
malt-extract per 100 c.c. of solution. Temperature, 21°. 


4. Amount of trans- 
Time in . 7 , : formation in equal 
minutes, time intervals, 


0°00433 0°00413 
0°00460 0°00419 
0°00485 0°00424 
0°00515 0°00431 
0°00543 0°00437 
0°00574 0°00445 
0°00613 0°00457 
0°00668 0°00479 


400 BAKER: THE UNION OF HYDROGEN AND OXYGEN, 


Tasie IIT,.—7ransformation of a 3 per cent. starch solution with 1 ¢.c. 
of malt-extract per 100 c.c. Temperature, 21°. 


6. 
Time in &. 1-2. k. ky. 
minutes. 


0°00366 0°00352 
20 0°163 0°837 0°00386 0°00357 


30 0°238 0°762 0°00393 0°00351 
40 0°308 0°692 0°00399 0°00345 
44 0°334 0°666 0°00410 0°00342 
50 0°378 0°622 0°00412 0°00345 
60 0°440 0°560 0°00419 0°00341 


0°00437 0°00345 


Taste LV.—TZransformation of a 3 per cent. starch solution with 1 c.c. 
of malt-extract per 100 c.c. Temperature, 21°. 


6. 
Time in &. 1-2. k. ky. 
minutes, 


0-00298 0°00295 
10 0°072 0°928 0°00323 0°00313 


20 0°145 0°855 0°00339 0°00317 
40 0°337 0°663 0°00446 0°00380 
60 0°480 0°520 0°00473 000378 
80 0°579 0°421 0°00469 0°00358 
100 0°660 0°340 0°00468 0 00344 
120 0°720 0°280 0°00460 0°00328 


0°00442 000309 


XXXVIII.—The Union of Hydrogen and Oxygen. 
1 By H. Brereton Baker, M.A. 


THE fact thatalarge number of chemical actions have been shown tobe de- 
pendent on the presence of aqueous vapour has led to many experiments 
being made on the union of hydrogen and oxygen. Prof. H. B. Dixon 
and Prof. Victor Meyer found no apparent diminution in the velocity 
of this action when the gases were dried. I have myself obtained the 
same result in a number of experiments carried on during the last 10 
years. Recently, however, a method for the preparation of very pure 
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hydrogen and oxygen was devised by Mr. F. R. L. Wilson and myself. 
Some years ago, Prof. Edward Morley pointed out the various im- 
purities which were present in the gas produced in the electrolysis of 
sulphuric acid and potassium hydroxide solutions. Lord Rayleigh 
(Proc. Roy. Soc., 1889, 45, 425), using the latter method, attempted to 
minimise the amount of hydrocarbon impurity derived from the 
presence of carbonate in the potassium -hydroxide by the addition of a 
small quantity of barium hydroxide. Since, however, the action of 
barium hydroxide on potassium carbonate is a reversible one, and since 
the potassium hydroxide is present in large excess, the precaution was 
probably not a very effective one. The new method consists of the 
electrolysis of highly purified barium hydroxide. It has been shown 
that barium carbonate is insoluble in a solution of the hydroxide, and 
that hydrocarbons are absent from the hydrogen. At the same time, 
the oxygen is apparently quite free from ozone and hydrogen peroxide. 

The use of this method suggested a new series of experiments on the 
union of hydrogen and oxygen, in which a new precaution has been 
found necessary. Ina series of experiments, described later in the 
paper, it is shown that the undried hydrogen and oxygen combined 
very slowly in sunlight. It is, then, obviously necessary that the 
drying must take place in the dark, since the rate of the continued 
production of water in the light might conceivably be equal to the 
rate of its absorption by the drying agent. 

In order to find if moisture had any effect on the combination of the 
dried gases, the following procedure was followed. It may be pointed 
out that the reaction is a very sensitive one, and the omission of 
any one of the precautions taken will almost certainly lead to the 
failure of the experiment. The glass used has been either hard Jena 
or hard Bohemian glass. Only one experiment has been made with 
soft glass ; in it, combination took place at a low red heat. The tubes 
were bent into the shape indicated by Fig. 1 (p.402). They were then filled 
with a mixture of nitric and chromic acids and boiled in the water-bath 
for 24 hours. After this cleansing, the tube was washed out with dis- 
tilled water and fitted to the tapered end of the platinum tube of a con- 
denser. Purified water was then distilled through the tube for an hour. 
After allowing it to drain, the tube was dried by heating it to redness, 
while a current of air, dried by distilled sulphuric acid, was drawn 
through it. A plug of distilled phosphoric oxide was introduced, the 
upper end of the tube drawn off, and the lower end drawn out to a 
capillary of about 0°5 mm. diameter. A small piece of fusible metal 
was introduced and the tube was exhausted. It was then connected 
with the electrolysis apparatus, the mixed gases being roughly dried by 
passing them through a phosphoric oxide tube a foot long. The barium 

hydroxide used had been recrystallised fifteen times; it was found not 
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to be radioactive. When the tube was full of gas, the fusible metal 
was melted and allowed to run into the capillary. When the wall of 
the capillary is thick there is no fear of the glass being cracked by the 
expansion of the metal. When the metal was cold, the outer portion of 


Fic. 1. Fic. 2. 
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Phosphoric oxide 


__Fusible metal 


the capillary was sealed in order to prevent any possibility of leakage 
round the metal. The tubes were then allowed to stand in the dark 
for varying periods. Comparative tubes were made at the same time 
from the same length of tubing and treated in precisely the same 
way, except that no phosphoric oxide was sealed up in them. 
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After 10 days’ drying, two such tubes were heated side by side in the 
same Bunsen burner flame. In twelve experiments, the wet tube 
exploded and the dry tube did not. In only one experiment has a dry 
tube exploded, but in this case the tube had been carried for some 
miles by hand, and most probably some of the phosphoric oxide had 
been shaken into the part of the tube which was heated. In two 
experiments, where only 2 days’ drying had been allowed, water was 
slowly formed in the dried tube, but although visible moisture was 
present, no explosive combination took place, and a slow combination 
only occurred. In each of the twelve experiments mentioned, the dried 
tubes were opened under mercury, a very small contraction was ob- 
served in some tubes, in most of them none at all. On addition of a 
small quantity of distilled water, the contents of each tube exploded 
on bringing them to a flame. 

In order to see if increasing the temperature beyond the ordinary 
temperature of explosion (600°, V. Meyer and Krause, Annalen, 1891, 
264, 85) produced any effect, a thin coil of silver wire was attached 
to platinum wires by fusion, and the latter sealed through the walls of 
a hard glass tube (Fig. 2, p. 402). The tube was then dried as 
before and filled with the explosive mixture. It was found that no 
explosion took place, even when the silver was heated to its melting 
point by a current passed through it. No contraction was observed 
on opening the tube under mercury. The silver wire was drawn with 
great precaution from silver prepared for atomic weight purposes by the 
ammonium formate method. 

Since a temperature of over 1000° was insufficient to bring about 
the union of the gases, a coil of thin platinum wire was substituted 
for the silver in the last experiments. The coil was cleaned in situ 
by nitric and chromic acids. It was heated by the current while the 
tube was being dried. After the admission of the explosive mixture, 
the tube was left attached to the mercury gauge for some hours. 
Even in its very imperfectly dried state, the gases seemed to be able 
to resist the catalytic action of the platinum. The tube was sealed as 
before, and left for ten days. At the end of this time there was no 
appearance of moisture on the surface of the phosphoric oxide. As 
this is a very delicate test for the presence of traces of water, it may 
be assumed that cold platinum wire has no effect on the dried mixture. 
The temperature of the platinum coil was raised by an electric current, 
and just after reaching visible redness the mixture exploded. The 
catalytic action of platinum is therefore apparently sufficient to bring 
about the union of the dried and purified gases at a low red heat. 

Some twenty experiments have been made in order to find if electric 
sparks could be passed in the dried gas without explosion. In only 
one case has this been done, and only with extremely small sparks. 

EE2 
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These sparks were accidentally obtained in a tube fitted with a silver 
coil, which, however, was not fused to the platinum wires, but only 
allowed to hang on them by its hooked ends. On passing a direct 
current through the coil, and shaking the tube at the same time, 
sparks were obtained at the points of contact of the two metals. No 
apparent combination resulted, although the process was repeated often 
in the course of the day. Next day the gases had become too dry to 
allow of the very small spark discharge passing through them. Other 
experiments in which sparks of less than 0:1 mm. from an induction 
coil were used, have, so far, always resulted in the explosion of the 
gases. 

With regard to the explanation of the diminution of chemical 
activity in dried gases, it has always been asserted by Dr. Armstrong 
that, without an electrolyte, no chemical action is possible, and that 
the effect of removing water is only the removal of the possibility of 
an electrolyte being formed. This hypothesis is borne out in a very 
striking way by the behaviour of the partially dried gases. When 
they are heated, water is slowly formed, and although it is then 
present in enormously larger quantity than is necessary to bring 
about the action, no explosion takes place. It may be assumed that 
the water formed by the union of the very pure gases is itself very 
pure, and since pure water is not an electrolyte, then this water 
should not cause the explosion of the gases. 

It has always seemed possible that this theory of Dr. Armstrong’s 
should be pushed a step further by assuming that when water is 
present in the gases of ordinary purity, union can only take place by 
means of the ions produced by the dissociation of the gases. This 
extension of the ionic theory to moist gases seems to fit the ex- 
perimental evidence fairly well, but it may be considered, a priori, 
that it is improbable that the very small quantity of water necessary 
[less than 3 mg. per 1,000,000 litres, according to Professor E. Morley’s 
approximation (Amer. J. Sci., 1889, 34, 200)] could act in the same 
way as liquid water. The fact, however, that feeble eloctric discharge 
cannot pass through dried gases lends support to this view. 

I attempted to put the question to experimental trial by finding if 
any contraction in volume took place when a gas was dried from the 
point at which its moisture ceases to exert any measurable tension to 
the point at which the gas ceases to be chemically active. To effect 
this, a long tube shaped like a syphon barometer (Fig. 3) was carefully 
cleaned and dried as in the experiments described above. A sufficient 
quantity of mercury and a thin tube of distilled phosphoric oxide were 
introduced into the cylindrical bulb. The long tube was then ex- 
hausted, the mercury being boiled by playing on the surface of the 
tube with the flame of a Bunsen burner, The end of the barometer 


as 
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tube was then sealed, the lower cylinder was then exhausted and filled 
with the gas, previously dried by a long phosphoric oxide tube. In 
the case of the explosive mixture, the side tube, opening under mercury, 
was made use of for introducing the gases, so that the mercury in the 
narrow tube served to disconnect the main bulb from the part of the 
tube which was heated in sealing. Six tubes were prepared in this 
way containing (1) hydrogen, (2) oxygen, (3) nitro- 
gen, (4) air, (5) a mixture of hydrogen and oxygen ; 
the sixth tube contained air without phosphoric oxide, 
and served for a standard. The tubes were rigidly 
fixed to a heavy iron stand on which they were wholly 
immersed in a deep tank with glass sides. A current 
of water was passed through the tank for two hours 
before the readings were taken, the water being ob- 
tained from a supply cistern. The readings were 
taken late at night, some 18 hours after the daily 
filling of the supply cistern. The apparatus was 
placed in a cellar without any outside walls, in 
which the temperature is remarkably constant. A 
thermometer reading directly to 0°01° was hung in 
the moving water. Readings were taken nightly for 
a month, the upper level of the mercury in the 
barometer tubes being read off by a cathetometer 
against a glass scale attached to the glass window of 
the tank. A difference of 0'1 mm. could be easily 
read, and by a simple calculation the difference_of 
temperature is allowed for. Absolutely no difference 
was noted for the first month, and afterwards weekly 
readings were taken for six months, still with the 
same result. Hence a gas, on drying it to the 
utmost limit possible, does not change its volume by 
1/7000th, which is about the limit of error. This 
experiment does not, of course, prove that dissocia- 
tion does not take place in moist or partially dried 
gas. It only shows that, if it does occur, it does not 
take place to the extent measured in the experi- 
ments, There is a point which is worthy of note, 
that dried hydrogen and oxygen do not combine to a measurable 
extent at the ordinary temperature in the dark. 

In order to find if sunlight had any effect on the union of these 
gases, two tubes were prepared as in the last series of experiments. 
One contained the dried, and the other the undried, mixture of gases 
from the electrolysis of barium hydroxide. After reading, they were 
exposed outside a south window for four months, from September to 
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December. At the end of this time, readings were taken which 
showed no alteration in volume of the dried gas, whilst the undried 
mixture showed a contraction of one-twenty-third of its volume. 
Hence the precaution mentioned in the earlier part of the paper of dry- 
ing the mixed gases in the dark was shown to be necessary. 


General Conclusions. 


1, The gases produced by the electrolysis of purified barium hydr- 
oxide do not explode on heating to redness after drying with distilled 
phosphoric oxide. 

2, The gases can be heated to the melting point of silver without 
combination. 

3. If only partially dried, the gases unite slowly on heating, and 
although visible water is present, no explosion takes place. 

4, The undried gases unite slowly in sunlight at the ordinary tem- 
perature, the dried gases do not. 

5. There is no contraction observable during the thorough drying of 
gases, so that the dissociation of gases in the undried condition, if it 
exists, cannot be proved by volume measurements. 


In conclusion, I wish to give my best thanks to Dr. Armstrong for 
much encouragement and advice which he has given me during the 
progress of the research, 


DuLtwicu CoLLecs, 8.E, 


XXXIX.—Studies in the Camphane Series. Part VIII. 
m-Nitrobenzoyleamphor. 


By Martin Onstow Forster and Frances M, G, MIckLETHWAIT. 


Ketones of the aliphatic series and of hydrogenised cyclic compounds 
have not been observed to form enolic modifications capable of separate 
existence. The tendency to change into a hydroxylic isomeride is first 
noticed when hydrogen, combined with a carbon atom adjacent to the 
carbonyl group,is replaced by an acyl radicle, During his investigation 
of 1 : 3-diketones, Claisen found that this disposition to undergo: enol- 
isation is influenced by the nature of the acyl substituent, becoming 
more pronounced as the negative character of that radicle increases 
(Annalen, 1896, 291, 37). 

In view of this observation, we have prepared m-nitrobenzoylcam- 
phor with the object of ascertaining whether that substance would 
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form, with benzoyleamphor and camphor itself, a series exhibiting 
the gradation of properties displayed by triacetylmethane, diacetyl- 
benzoylmethane, acetyldibenzoylmethane, and tribenzoylmethane (loc, 


cit.). 


H CH:-C0:C,H H:CO-C,H,*NO 
On CBW, evs CA, CO gift Ba. 
Camphor. Benzoylcamphor. Nitrobenzoyleamphor. 


On comparing benzoyleamphor with the nitro-derivative, it is found 
that the difference between them is almost as great as that sub- 
sisting between camphor and the benzoyl derivative. Camphor does 
not change into the enolic modification ; benzoyleamphor, although 
stable in the solid form, rapidly changes into the isomeride when 
dissolved in chloroform, whilst m-nitrobenzoyleamphor shows so little 
disposition to undergo this transformation that it has not been found 
possible to obtain it in the ketonic form. That a small proportion 
of enolic m-mitrobenzoyleamphor becomes converted into the ketone 
is shown by a diminution in the specific rotatory power of a solution 
in chloroform ; this amounts to less than 5 per cent. but until the 
neutral modification can be isolated it will not be possible to state 
the percentage of ketonisation represented by this change in optical 
activity. 

Two methods suggested themselves for the preparation of a nitro- 
benzoyleamphor. In the first place, sodium camphor might be treated 
with nitrobenzoyl chloride, which would probably give rise to the nitro- 
benzoyl ester of enolic nitrobenzoyleamphor ; this compound could be 
converted by hydrolysis into a nitrobenzoyleamphor, in which the nitro- 
group would occupy a known position. The alternative process consists 
in subjecting aa-benzoylbromocamphor to the action of nitric acid, the 
product, if a mononitro-derivative, being then reduced with alcoholic 
potash ; the position of the nitro-group in the resulting nitrobenzoyl- 
camphor could be ascertained by oxidation, which should give rise to 
one of the nitrobenzoic acids. 

On consideration, the latter method appeared the more promising, and 
was therefore adopted. Each isomeric aa-benzoylbromocamphor, when 
treated with fuming nitric acid, yields a nitrobenzoylbromocamphor 
which, on reduction with alcoholic potash, is converted into enolic 
nitrobenzoylcamphor ; potassium permanganate is immediately reduced 
by an alkaline solution of this compound, which is thus resolved into 
camphoric and m-nitrobenzoic acids. 

C,H, ‘ge OsHyNO, _, OE Cor + 00,H:0,H,NO,. 


The m-nitrobenzoylbromocamphors described in this paper are related 
to one another in the same way as the benzoylbromocamphors from 
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which they are derived. As already stated, the ketonic modification 
of m-nitrobenzoyleamphor has not been isolated, and consequently the 
influence on rotatory power exerted by the m-nitrobenzoyl radicle 
could not be compared directly with the effect produced when bromine 
is the substituent. We therefore refer to the derivative of lower 
melting point as a-m-nitrobenzoyl-a-bromocamphor ; this compound 
has [a], +87°9° in chloroform and melts at 93—94°, whilst a-m-nitro- 
benzoyl-a’-bromocamphor has [a], — 261°, and melts at 101—102°. If 
this nomenclature is uniform with that adopted in the case of the 
benzoylbromocamphors, it may be inferred that the optical influence of 
the m-nitrobenzoyl group is less powerful than that of the benzoyl 
radicle (compare Forster and Micklethwait, this vol., 163). The effect 
of the benzoyl radicle has been found to exceed that of a chlorine atom 
occupying the same position (/oc. cit.), and is in turn exceeded by that 
of the bromine atom ; it is probable that the optical influence of the 
m-nitrobenzoyl radicle is inferior to that of the chlorine atom, because 
a'-m-nitrobenzoyl-a-chlorocamphor, which melts at 72—74°, has 
[a]p +40°4°, whilst the isomeride melting at 110° has[a], +7°1° 

It will be noticed that in yielding a m-nitro-derivative, the aa-benzoyl- 
bromocamphors and aa-benzoylchlorocamphors conform to Crum Brown 
and Gibson’s rule (Trans., 1892, 61, 367), but although the m-nitro- 
compounds are produced almost exclusively, a small proportion of the 
o-nitro-derivative also is formed sometimes when the aa-benzoylbromo- 
camphors are nitrated. We have been thus enabled to prepare enolic 
o-nitrobenzoylcamphor, identified by oxidation with potassium perman- 
ganate, which resolves it into camphoric and o-nitrobenzoic acids. 

A comparison of the aa-nitrobenzoylbromocamphors with the corre- 
sponding chloro-derivatives has revealed one point of some interest. 
Whilst the first-named substances, on reduction with alcoholic potash, 
yield enolic m-nitrobenzoyleamphor and potassium bromide, 


hia ‘NO, C-00-C,H,"NO 
J +H, —> OFS on 


the aa-nitrobenzoylchlorocamphors, on similar treatment, are resolved 
into a-chlorocamphor and potassium m-nitrobenzoate ; 


OCl-00'C,H,-NO, 
C Hi< lo 


C,H, 24 HBr, 


+H, > 0 < +CO,H-C,H,'NO,, 


This affords an interesting example of the relative success with which 
derivatives of these two halogens resist the action of a reducing agent. 
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EXPERIMENTAL. 


aa-m-Vitrobenzoylbromocamphor, wa. ee 


Owing to the readiness with which fuming hydrobromic acid converts 
a’-benzoyl-a-bromocamphor into the isomeride, we were not prepared to 
find that the corresponding nitro-derivatives could be obtained by the 
direct action of fuming nitric acid, expecting that the unstable benzoyl- 
bromocamphor would yield the nitro-derivative of the stable isomeride. 
The earlier experiments were therefore conducted with a mixture of 
the two benzoylbromocamphors, but it was soon found that the product 
was not an individual substance, being resolved by fractional erystal- 
lisation into specimens of different specific rotatory power. 

The two isomeric substances were therefore nitrated separately. Ten 
grams were covered with 30 c.c. of fuming nitric acid (sp. gr. 1°52), 
which dissolved the compound and became warm; after an interval of 
about 20 minutes, the liquid was poured into a large volume of cold 
water, the precipitated nitro-derivative being filtered, washed, and 
crystallised from methyl alcohol. 

a’-mn-Nitrobenzoyl-a-bromocamphor, prepared from a’-benzoyl-a-bromo- 
camphor and fuming nitric acid, separated in the form of a yellow, 
sticky mass on pouring the acid liquid into a large volume of water ; 
it did not harden on continued washing or after an interval of several 
days. The substance was obtained in crystals by dissolving in the 
minimum quantity of hot methyl alcohol, allowing the liquid to cool, 
and decanting the clear solution from the yellow oil which separated ; 
the deposit from this solution was recrystallised twice from hot methyl 
alcohol, from which it separates in long, flat, prismatic needles, pale 
yellow in colour, and melting at 93—94°: 


0:2536 gave 0°4994 CO, and 0:1120 H,O. C=53-70; H=4:95. 
02382 ,, 01179 AgBr. Br=21°06. 
C,,H,,0,NBr requires C=53°66 ; H=4-78; Br= 21-05 per cent. 


A solution containing 0°4906 gram dissolved in 25 ¢.c. of chloroform 
at 21° gave ap +3°27’ in a 2-dem. tube, whence the specific rotatory 
power [a] +87°9°. 

An attempt was made to convert the substance into a-m-nitro- 
benzoyl-a’-bromocamphor by the agency of hydrobromic acid (sp. gr. 
1‘83), but a specimen which was allowed to remain in contact with 
the agent duriag 24 hours underwent no change in specific rotatory 
power during this period. 

a-m-Nitrobenzoyl-a'-bromocamphor separated as a hard, granular 
precipitate when the solution of a-benzoyl-a’-bromocamphor in fuming 
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nitric acid was poured into a large volume of cold water ; after being 
recrystallised twice from methyl alcohol, it was obtained in aggre- 
gates of small, pale yellow needles melting at 101—102°: 


0:5036 gave 15°6 c.c. nitrogen at 17° and 757 mm. N=3°45. 
0°2288 ,, 01124 AgBr. Br=20-90. 
C,,H,,0,NBr requires N= 3°68 ; Br=21-05 per cent. 


A solution containing 0°4624 gram dissolved in 25 c.c. of chloroform 
at 21° gave ap —58’ in a 2-dem. tube, whence the specific rotatory 
power [a], —26°1°. 

Enolic m-Nitrobenzoyleamphor, 0,1, <4 CO CoH NO, 

C-OH 

Twenty-seven grams of nitrobenzoylbromocamphor were dissolved in 
150 ¢.c. of aleohol which had been distilled from caustic soda; the 
solution was then heated in a reflux apparatus with 8°5 grams of 
potassium hydroxide during 1} hours, after which the alcohol was 
distilled off and the residue dissolved in about 100 c.c. of water. The 
clear, pale red solution was saturated with carbon dioxide, which 
precipitated a pale yellow solid, slightly sticky at first, but rapidly 
becoming hard. The product was washed several times with water 
and crystallised twice from hot alcohol : 


0°3037 gave 11:7 c.c. nitrogen at 16° and 764mm. N=4°60. 
C,,H,,0,N requires N = 4°65 per cent. 


The substance dissolves readily in alcohol, from which it crystallises 
in long, pink, silky needles which melt at 106—107° ; it is insoluble in 
cold petroleum, and not very soluble in the warm liquid, from which 
it separates in rosettes of needles. Aqueous alkalis dissolve the com- 
pound, which is precipitated from the solution by carbon dioxide. 
Ferric chloride develops an intense purple coloration with alcoholic 
solutions, and a green precipitate is formed with copper acetate. A 
solution in chloroform immediately decolorises bromine, and potassium 
permanganate is reduced by cold solutions in alkali hydroxide. 

m-Nitrobenzoyleamphor has not been obtained in the ketonic modi- 
fication ; a specimen was heated with boiling formic acid in a reflux 
apparatus during 2 hours and then precipitated by water, but the 
product dissolved readily in alkalis and developed an intense coloration 
with ferric chloride. ‘The only evidence of a tendency to undergo 
transformation into the isomeride is the slight change exhibited by the 
specific rotatory power of a solution in chloroform during an interval 
of several hours. 

0°4892 gram dissolved in 25 c.c. of chloroform at 20° gave ap 8°12’ 
in a 2-dem. tube, whence the specific rotatory power [a]p +209°5°, 
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which in the course of several days diminished to [a], +200°1°, 
remaining constant at that point. 

The same slight reduction in specific rotatory power is immediately 
effected by adding a single drop of piperidine to the solution. 

The acetyl derivative was prepared by heating the substance with 
acetic anhydride in a reflux apparatus during 2 hours ; the liquid was 
then poured into a large volume of cold water, the viscous product 
being thoroughly washed with water and treated with a small quan- 
tity of cold alcohol : 


0:2826 gave 10°3 c.c. nitrogen at 14° and 774 mm. N =4°36, 
C,,H,,0;N requires N = 4-08 per cent. 


The substance is readily soluble in alcohol, and is most conveniently 
crystallised from warm light petroleum, which deposits it in clusters of 
pale brown needles melting at 127—-128°. The alcoholic solution is in- 
different towards ferric chloride. 

Conversion into m-Nitrobenzoylbromocamphor.—The unsaturated 
character of enolic benzoyleamphor is reproduced in the nitro-deriv- 
ative, which is converted by bromine into m-nitrobenzoylbromo- 
camphor. A solution of 3°6 grams of bromine in glacial acetic acid 
was added to 6°1 grams of the nitro-compound dissolved in glacial 
acetic acid containing 2°6 grams of dried sodium acetate in solution. 
The colour of the halogen was destroyed, and on pouring the liquid into a 
large volume of cold water a somewhat sticky previpitate was obtained ; 
this was washed several times with water and crystallised from methyl 
alcohol, which deposited pale yellow needles melting at 90—94° and 
giving [a], +59-0°in a 2 per cent, solution in chloroform. The product 
was therefore impure a’-m-nitrobenzoyl-a-bromocamphor, 

Oxidation of m-Nitrobenzoyleamphor.—An alkaline solution con- 
taining 3°5 grams of enolic m-nitrobenzoyleamphor was treated with 
300 cc, of a 2 per cent. solution of potassium permanganate, which 
was added in small quantities at a time to the cooled liquid. The 
deep green solution was warmed, and treated with alcohol until the 
manganate was completely reduced, the hydrated oxide being then 
filtered. The liquid having been evaporated toa small bulk and the 
crystallised potassium sulphate removed, dilute sulphurie acid was 
added until no further precipitation occurred. On dissolving the mixed 
acids in ammonia and adding lead acetate to the hot neutral sulution, 
a bulky, white precipitate was formed ; this was filtered and extracted 
with boiling water until the washings gave only a faint coloration 
with ammonium sulphide. 

The precipitated lead salt was then treated with a boiling solution 
of sodium carbonate, filtered from lead carbonate, evaporated to small 
bulk, and acidified with dilute sulphuric acid. Camphoric acid was 
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thus obtained, and after being crystallised twice from boiling water, 
melted at 183—184°. 

The filtrate from lead camphorate was united with the washings, 
evaporated to a small bulk, boiled with sodium carbonate, filtered, and 
acidified with dilute sulphuric acid, which precipitated m-nitrobenzoic 
acid (m. p. 141°). 


-CO-C,H, NO, 


Enolic o-Nitrobenzoyleamphor, C,Hy, H 


On reducing with alcoholic potash a specimen of nitrobenzoy]bromo- 
camphor obtained from evaporated mother liquors, it was noticed that 
the pale yellow needles of enolic m-nitrobenzoyleamphor were associated 
with pale brown, transparent prisms; the same substance was 
occasionally produced in small and uncertain quantity from re- 
crystallised nitrobenzoylbromocamphor. After recrystallisation from 
alcohol, it melted at 118°: 


0°2524 gave 10°4 c.c. nitrogen at 18° and 771 mm. N= 4:82. 
C,,H,,0,N requires N = 4°65 per cent. 


A solution containing 0°4647 gram in 25 ¢c.c. of chloroform at 21° 
gave ap + 1°39’ in a 2-dem. tube, whence the specific rotatory power 
[a]p +44°5°; afteran interval of three days, the same solution gave 
[a]p +60°5°, remaining constant. 

At first it seemed probable that the substance just described was 
the ketonic modification of m-nitrobenzoyleamphor, but it was soon 
found that alcoholic solutions develop colour with ferric chloride and 
yield a precipitate with copper acetate; moreover, it dissolves in 
alkalis, and generally resembles enolic m-nitrobenzoyleamphor in 
chemical behaviour. It was ultimately identified as enolic o-nitro- 
benzoylcamphor by oxidising it with potassium permanganate under 
the conditions which convert m-nitrobenzoylcamphor into camphoric and 
m-nitrobenzoic acids. In this manner, camphoric acid was obtained 
in association with o-nitrobenzoic acid (m. p. 148°). 


Cl°CO-C,H,*NO 
aa-m-Nitrobenzoylchlorocamphors, 0,8, <ty iain 


The benzoylchlorocamphors were dissolved in fuming nitric acid, the 
solution, after an interval, being poured into a large volume of cold 
water. As in the case of the corresponding bromo-derivatives, the 
product from the benzoylchlorocamphor of the higher melting point 
was much more granular in the crude state than the isomeride, which 
exhibits a tendency to remain sticky. 
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a’-m-Nitrobenzoyl-a-chlorocamphor crystallises from alcohol in aggre- 
gates of pale yellow prisms and melts at 72—74°: 


02962 gave 11°3 c.c. nitrogen at 11° and 760 mm. N= 4:54, 
02024 , 00890 AgCl. Cl=10°88. 
C,,H,,0,NCl requires N= 4:17 ; Cl= 10°58 per cent. 


A solution containing 0°5616 gram, dissolved in 25 ¢.c. of chloroform 
at 20°, gave ap +1°49’ in a 2-dem. tube, whence the specific rotatory 
power [a], +40°4°. 

a-m-Nitrobenzoyl-a'-chlorocamphor separates from alcohol in small, 
nearly colourless needles melting at 110°: 


0'2533 gave 9°6 c.c. nitrogen at 13° and 755 mm. N= 4-44, 
01824 ,, 00770 AgCl. Cl=10°44. 
C,,H,,0,NCl requires N =4:17 ; Cl= 10°58 per cent. 


A solution containing 0°4379 gram dissolved in 25 c.c. of chloroform 
at 21° gave ap +15’ in a 2-dem. tube, whence the specific rotatory 
power [a]p +7°1°. 


' Reduction of m-Nitrobenzoylchlorocamphor with Alcoholic Potash. 


Thirteen grams of a’-m-nitrobenzoyl-a-chlorocamphor were dissolved 
in alcohol and heated in a reflux apparatus with 4 grams of potassium 
hydroxide during 1} hours; alcohol was then removed on the water- 
bath and the residue treated with water. Carbon dioxide was then 
passed through the liquid, and the precipitate, a portion of which had 
appeared on first adding water, filtered, washed, and crystallised 
twice from alcohol. It was then found to contain chlorine, but no 
nitrogen : 


01958 gave 0°1527 AgCl, Cl=19°29. 
C,,H,,OCl requires Cl= 19-11 per cent. 


The substance crystallised in thin, lustrous, white plates melting at 
92°,and gave [a]p +95° in chloroform ; it was thus identified as 
a-chlorocamphor. 

The aqueous filtrate from chlorocamphor was acidified with hydro- 
chloric acid, which precipitated m-nitrobenzoic acid melting at 139°. 


Reduction of the Benzoylchlorocamphors with Alcoholic Potash. 


The unexpected difference in the behaviour of the m-nitrobenzoyl- 
chlorocamphors and m-nitrobenzoylbromocamphors towards alcoholic 
potash led us to inquire whether the benzoylchlorocamphors are dis- 
tinguished from the benzoylbromocamphors in the same respect. It has 
been already ascertained (this vol., 165) that the benzoylbromocamphors 
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yield enolic benzoyleamphor when reduced with alcoholic potash. On 
subjecting the benzoylchlorocamphors to this treatment we found that 
a’-benzoyl-a-chlorocamphor yields enolic benzoyleamphor, a-chloro- 
camphor, and benzoic acid, whilst the two last-named substances alone 
are produced when a-benzoy!-a’-chlorocamphor is reduced. 


Royat CoLLeGcEe oF ScIlENCE, LONDON. 
SoutH KEnsineTon, 8.W. 


XL.—The Union of Hydrogen and Chlorine. Part 1V. 
The Draper Effect. 


By J. W. Metior and W. R. AnpERson. 


In 1843, Draper * (Phil. Mag., 1843, [iii], 23, 403, 415) published a 
very curious observation to the effect that if light from an electric 
spark is allowed to fall upon 2 mixture of equal volumes of hydrogen 
and chlorine gases, the volume of the mixture suddenly expands and 
immediately returns to its original condition. In the first part of this 
work, this phenomenon was called the Draper effect. 

Pringsheim rediscovered the momentary expansion in 1887 and 
considered that it was in no way analogous to the Budde photo- 
expansion, since chlorine alone does not expand under the same 
conditions. 

The Draper effect is best demonstrated in the following apparatus : 


Fie, 1, 


Insolation vessel. 


The mixed gases are contained in a flat glass bulb, A, called the 
insolation vessel. The lower part of the insolation vessel usually 
contains some water saturated with the two gases. The capillary tube, 
BC, contains a thread of liquid (ac) to serve as an index. Under 
the influence of a flash of light, the ‘thread of liquid (ac) is pushed 
outwards to return immediately to its original position. Thus, a 
travels to b and immediately returns toa. Bunsen and Roscoe’s method 


* After this, only historical references omitted in the earlier parts of this work 
will be given here. 
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is the best way of preparing the gases. The spark from an induction 
coil, intensified by means of a Leyden jar battery is the source of light, 
which may be from 10 to 20 cm. away from the insolation vessel. 

In 1897, Wild and Harker (Zlectrician, 1897, 38, 690) found that 
sparks from a Wimshurst machine were as active as those derived 
from the coil, and that the magnitude of the effect varied directly as 
the visual brightness of the spark. 

Although Hertz has shown that chlorine and most coloured gases 
and vapours partially absorb ultra-violet rays, Wild and Harker did 
not succeed in detecting any action which could be attributed to the 
presence of ultra-violet rays of light. The interposition of a layer of 
any substance, like glass or mica, opaque to the ultra-violet rays made 
no perceptible difference to the effect obtained. Wild and Harker hence 
conclude that the Draper effect is not due to the absorption of ultra- 
violet radiations by the gaseous mixture. Pringsheim’s negative 
result with chlorine also confirms this conclusion, 

Dixon and Baker (Trans., 1896, 69, 1308; compare Rzewuski, 
Wied. Biebl., 1896, 20, 1016 ; Hemptinne, Zeit. physikal. Chem., 1896, 
21, 493; J. J. Thomson, Proc. Camb. Phil. Soc., 1901, 11, 90) have 
obtained negative results*with Réntgen radiations. J. J. Thomson 
(oc. cit.) has found thorium radiations do not perceptibly influence the 
magnitude of the Draper effect. . He also failed to detect any free ions 
in the gas under conditions which would have enabled him to observe 
one in 10! of the molecules present. 

In addition to these isolated observations, we have observed the 
following facts: 


Influence of Variation in the Composition of the Illuminated Gaa. 


We have been unable to detect the Draper effect when light is 
flashed upon : 

1. Chlorine gas under pressures varying from one to half an 
atmosphere : 

2. Chlorine gas at atmospheric or half the atmospheric pressure and 
heated from 15° to 100°: 

3. Dry chlorine, or chlorine saturated with steam : * 

4. When chlorine is mixed with half its volume of nitrogen, air, 
carbon dioxide, carbon monoxide,} or methane,t 

* One of us has shown that hydrogen chloride is formed when a mixture of 
chlorine and water vapour is strongly illuminated by an arc light. 

t We once obtained a slight indication, but were never able to repeat it. 

+ Nothing very definite appears to have been published on the behaviourof mixtures 
of methane and chlorine in sunlight. Gay Lussac and Thenard record that a mixture 
of 2 vols. of methane and 4 vols. of chlorine deposit carbon and form 8 vols, of 


hydrogen chloride in daylight. Dumas says a mixture of 2 vols. of methane and 
6 vols. of chlorine will explode in diffuse daylight. 
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5. Moreover, Professor Dixon (private communication) has failed to 
obtain the Draper effect with a dry mixture of hydrogen and chlorine 
gases, using concentrated sulphuric acid for the index fluid. 

When chlorine is mixed with an equal volume of hydrogen confined 
over water saturated with the two gases, the Draper effect is readily 
obtained, but not if the proportions of the compounds differ by more 
than 3 per cent. from equality. The best results are given by the 
“sensitive mixture ” of Bunsen and Roscoe. 

It has also been observed that this mixture detonates most readily 
when exposed to a magnesium light. 


The Action of Different Sources of Light. 


We have enclosed a magnesium lamp in a box fitted with a Thorn- 
ton-Pickard time shutter, and tried the effect of a momentary exposure 
of the mixture of hydrogen and chlorine gases to the magnesium 
light. The shutter must be set to give an exposure from one-sixteenth 
to one second duration. In this way, we have obtained better results 
than with the Ruhmkorff coil (14 in. spark) and Leyden jar (one 
quart capacity). With commercial ribbon burning at the rate of 2 
em. per second, we have obtained displacements of the index up to 
12 cm., whilst with a spark we have never had a greater displacement 
than 2 cm. One of us manipulated the time shutter while the other 
observed the index motion through a cathetometer. 

The Draper effect has not been obtained by ultra-red or by ultra- 
violet rays. 

The experiments with the magnesium light show that the effect is 
not due to an electrical disturbance induced in the gas by the electrical 
discharge. A coating of lampblack on the glass is sufficient to 
prevent any sign of the Draper effect with either 7 light or 
an electric spark. 

The more readily the gases detonate under the influence of light, 
the greater the Draper effect. If the hydrogen and chlorine gases 
are {not in suitable proportions to produce an explosion under the 
influence of magnesium light, the Draper effect may sometimes be 
obtained with magnesium light and not with the electric spark. 

If certain non-explosive mixtures of hydrogen and chlorine are 
exposed to magnesium light for two or three seconds, the index at a 
(Fig. 1, p. 415) will immediately expand and then contract faster than 
the eye can follow, right into the insolation vessel, owing to the formation 
of hydrogen chloride at nearly an explosive rate. 

When a large expansion is taking place, the index moves in a series 
of rapid jerks, each about a centimetre in length. This appears to be due 
to friction between the index fluid and the walls of the capillary tube, 


f 
} 
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Does Chemical Action take Place during the Draper Effect? 


It has hitherto been assumed that no hydrogen chloride is formed 
during the Draper effect because the index, after expansion, returns to 
its original position. If hydrogen chloride were formed, it is believed 
that the index would indicate a contraction in the volume of the mixed 
gases owing to the removal of hydrogen chloride by the water con- 
tained in the insolation vessel. We have tried to prove this in the 
following manner. 

Two Bunsen and Roscoe’s actinometers were filled with the same 
mixture of hydrogen and chlorine by leading the electrolytic gases into 


Fic. 2. 


bes ANT ERAARTER CY nN 


>>> WASERARATAA SAS 


| 
| 


UT TTT 
+ tea adaaa 
| 
r ‘I 


the apparatus shown in Fig. 2, through the cock aand escape at d. The 
whole was enclosed in a box so that the index of each actinometer was 
screened from the rest of the apparatus by means of a dividing 
partition. All the glass parts on the left side of the partition were 
painted dead black with the exception of one-half of the bulb of one 
actinometer as shown in the figure. After the whole had been filled 
with a sensitive mixture of hydrogen and chlorine gases, the four 
cocks were closed. Temperature, pressure, and index readings were 
taken. The lid screwed on to the box and the whole was perfectly 
VOL. LX¥XXI. FF 
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screened from extraneous light. The electrical connections were made 
so that sparks passed midway between the insolation vessels of the 
two actinometers. A clockwork arrangement was fixed so that a 
spark passed between the terminals every half-hour. 

One hundred and eight sparks gave a contraction of 3 cm., equiv- 
alent to about 2 per cent. contraction. In another experiment, 120 
sparks at intervals of one hour caused a similar contraction. The 
darkened actinometer gave no indication of change. 

It is necessary to allow some minutes to elapse between each spark, 
because Pringsheim bas shown that if the sparks succeed each other 
after short intervals of time, the mixture will be carried through the 
period of induction when combination ensues. 

The result of a number of similar experiments is to show that 100 
sparks will cause a contraction up to about 2 per cent., indicating that 
hydrogen chloride is formed during the Draper effect, but in quantities 
too small to be detected by other than cumulative methods even with 
extra large insolation vessels. 

The Draper effect may be likened to a very small explosion with in- 
sufficient energy to propagate itself throughout the gas. We have 
obtained effects of all magnitudes up to actual explosion, by varying 
the intensity of the light and the time of exposure. 


Conclusions, 


1. Hydrogen chloride is produced during the phenomenon called the 
Draper effect. 

2. The Draper effect is only produced by the luminous rays of light. 

3. The Draper effect occurs with mixtures of approximately equal 
volumes of hydrogen and chlorine, but not with chlorine alone, or 
mixed with steam, air, nitrogen, carbon dioxide, carbon monoxide, or 
methane. 

4, The amount of combination depends not only upon the number, 
but also upon the intensity of the sparks, 

5. When the effect reaches a certain magnitude, depending on the 
“sensibility” of the gas, explosion occurs. An explosion appears to 
be a large Draper effect. 

6. The motion of the index fluid which occurs when the insolation 
vessel of Bunsen and Roscoe’s actinometer is exposed to a flash of 
light appears to be brought about by some disturbance in the gas 
attending chemical combination.* 


THE OWENS COLLEGE, 
MANCHESTER. 


* Malard and Le Chatelier have observed a ‘period du movement vibratoire’ 
(not quite similar to the one under discussion) antecedent to the explosion of certain 
gaseous mixtures, See Dixon’s Bakerian Lecture, Phil. Trans., 1893, A, 184, 97. 
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XLI.—Condensation of Phenols with Esters of 
Unsaturated Acids. Part VII. 


By SriecrrieD RUHEMANN, 


Benzo-1: 4-pYRONE (chromone) and its homologues, as shown in this 
paper, have basic properties ; they dissolve in hydrochloric acid, and 
these solutions give precipitates with cobalticyanic acid (Baeyer and 
Villiger, Ber., 1901, 34, 2679), as well as with platinic chloride. The 
hydrochlorides and the platinichlorides are, however, much less stable 
than the corresponding salts of dimethyl-y-pyrone, which can be 
recrystallised from water (Collie and Tickle, Trans., 1899, '75, 
710). 

Previously, only the monohydric phenols have been used for the 
formation of chromone and its homologues; since then, however, ex- 
periments have been made with the view of obtaining hydroxybenzo- 
pyrones from polyhydric phenols, but as these have been unsuccessful, 
I have attempted to prepare those compounds from the mono-ethers 
of the polyhydric phenols. One of these ethers, namely, guaiacol, had 
some time ago (Ruhemann and Stapleton, Trans., 1900, '77, 1180) 
been subjected to the action of ethyl phenylpropiolate, and the product 
which was thus formed had been found to suffer a decomposition 
analogous to that of the other aryl ethers of 8-hydroxycinnamic acid. 
Guaiacol, as stated in this paper, reacts with ethyl chlorofumarate and 
forms ethyl guaiacoloxyfumarate, which, on treatment with potash, 
yields the corresponding acid. Its transformation into methoxy- 
benzo-1 : 4-pyrone and the subsequent hydrolysis of the methyl ether 
have not yet been carried out, as the study of the action of ethyl 


chlorofumarate on the naphthols has lately occupied my whole 
attention. 


Whilst the ethyl ester behaves towards B-naphthol in the same 
manner as towards other phenols, and yields #-naphthoxyfumaric 
ester, it reacts with a-naphthol partly to form ethyl a-naphthoxy- 
fumarate in the normal way, but chiefly to form two substances, one 
of which is an ester of the formula C,,H,,0,, the other a compound of 
the composition C,,H,,0,. 

The facts, on the one hand, that this reaction is accompanied by 
the loss of alcohol, and, on the other, that the compounds have pro- 
perties unlike those of the chromones, lead to the following view as 
to the formation and the constitution of the ester O,,H,,0, : 

FF2 
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ig 
ff + CO,Et-CCi:CH-C0,Et = 
ONa 


+ NaCl + 0,H,0. 


) C) 


This compound may be derived from the tricyclic type, i 0? 


which I call naphtharone, and, accordingly, may be termed ethyl 
naphtharonylacetate. 

The second substance, C,,H,,0,, is perhaps formed from the first, 
according to the equation 


20,,H,,0, = C,,H,,.0, + CO,Et-CH:CH-00,Et. 


The isolation of ethy] fumarate, figuring above, has not been effected 
as yet, but experiments to accomplish this task are in progress. The 
compound ©,,H,,0,, is, most probably, to be represented by the 


symbol 
Kee CO diy 
a, < . 


and may be called bisnaphtharonyl. 


J, EXPERIMENTAL. 
Formation of Salis from Benzo-1: 4-pyrone and its Homologues. 


The members of the chromone group dissolve in concentrated hydro- 
chloric acid either in the cold or on slightly warming, and form salts 
which, however, are unstable, since the benzo-1 : 4-pyrones are precipi- 
tated on adding water, and are extracted by ether from their solutions 
in the acid. Cobalticyanic acid gives white, crystalline precipitates 
with solutions of the chromones in hydrochloric acid, and platinic 
chloride, dissolved in concentrated hydrochloric acid, yields platini- 
chlorides which separate in yellowish needles. These, however, are 
readily decomposed by water with the re-formation of benzopyrones. 


* 
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The platinichlorides of chromone and some of its homologues have been 
analysed ; for this purpose, they were washed with concentrated hydro- 
chloric acid and dried in a vacuum over sulphuric acid and soda-lime. 
Owing to the unstable nature of those salts, the analytical numbers 
differ somewhat from those required by theory, as is shown in the fol- 
lowing table : 


Platinichlorides of — 


Benzo-1 : 4-pyrone : 
0°2605 left on ignition 0°0710 Pt. Pt=27-21. 
(C,H,0,).,H,PtCl, requires Pt = 27-71 per cent. 


o-Toluo-1 : 4-pyrone : 


0'2690 gave 0°0715 Pt. Pt=26°58. 
(C,,H,0,),,H,PtCl, requires Pt = 26°65 per cent. 


p-Toluo-1 : 4-pyrone : 
0:2835 gave 0°0725 Pt. Pt=26°58. 
(C,,»H,0,).,H,PtCl, requires Pt = 26°65 per cent. 


6 : 8-Dimethylbenzo-1 : 4-pyrone : 
0:2937 gave 0:0732 Pt. Pt= 24:92. 
(C,,H,,0.).,H,PtCl, requires Pt = 25-67 per cent. 


Action of the Sodium Derivative of Guaiacol on Ethyl Chlorofumarate. 


Ethyl Guaiacoloxyfumarate, | e CH, (700, Oy, 
\ 7 0—©:00,°C, 


This compound is formed by adding ethyl chlorofumarate (1 mol.) 
to the hot solution of sodium (1 at.) in an excess of guaiacol. The 
dark, viscous product, when cold, is agitated with dilute sulphuric acid 
and ether ; the ethereal layer is then freed from the excess of guaiacol 
by potash, the ether evaporated, and the remaining oil distilled in a 
vacuum. It has a yellow colour and boils at 212—213° under 15 mm. 
pressure. On analysis : 


0°1925 gave 0°4333 CO, and 0°1075 H,O. C=61:38; H=6:20, 
C,,H,,0, requires C= 61:22 ; H=6:12 per cent. 


1 2 

Guaiacoloxyfumaric Acid, (CH,-0)-0,H,0-C(CO,H):CH-CO,H.— 
The potassium alt of the acid separates on boiling the ethyl ester 
with alcoholic potash for 2 hours. After evaporation of the alcohol, 
the residue is dissolved in water and the solution treated with an 
excess of dilute sulphuric acid, when an oil is precipitated consisting 
of the organic acid and guaiacol. The latter compound, which is 
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formed along with guaiacoloxyfumaric acid on hydrolysis of the ester, 
is removed by shaking the ethereal solution of the oil with sodium 
carbonate, adding dilute sulphuric acid to the aqueous layer, and ex- 
tracting the organic acid about sixteen times with fresh quantities of 
ether. On distilling off the ether, a solid is left behind ; this readily 
dissolves in boiling water and on cooling crystallises in yellowish 
needles, which melt at 138° with evolution of gas. On analysis : 


0°2028 gave 0:4115 CO, and 0°0803 H,O. C=55°34; H=4:39. 
C,,H,,0, requires C= 55°46 ; H = 4:20 per cent. 


Guaiacoloxyfumaric acid readily dissolves in concentrated sulphuric 
acid, forming a yellowish solution which, after standing for 24 hours, is 
poured into cold water. As no solid separates, the solution is extracted 
with ether, and on evaporation of the latter, a yellowish solid remains 
behind ; this crystallises from hot water in slightly coloured needles 
which melt and decompose at 251°. This substance, which has not 
yet been further examined, is probably o-methoxybenzo-1 : 4-pyrone- 
carboxylic acid. 


om CH-CO,:C,H, 
Ethyl B-Naphthoxyfumarate, | 0 renee) CH ° 
al sr 2° Veit, 


For the preparation of this compound, a method has been used 
similar to that which served for the formation of ethyl a-naphthoxy- 
cinnamate (Ruhemann and Beddow, Trans., 1900,'77, 989). 8-Naphthol 
(1 mol.) is added to a solution of sodium (1 at.) in absolute alcohol, the 
alcohol is removed by heating the solution in a vacuum, first at 100° 
and finally at 180—190°; ethyl chlorofumarate (1 mol.), dissolved in 
toluene, is then added to the dry naphtholate, when a dark brown solu- 
tion is produced with development of heat. This is boiled in a flask, 
attached to a reflux condenser for 1 hour in urder to complete the 
reaction, and, when cold, is agitated with dilute sulphuric acid and 
ether. The ethereal layer is freed from unchanged B-naphthol by 
shaking with potash, and, on evaporation of the ether and toluene, 
yields a dark oil which is fractionated under diminished pressure. 
Almost the whole quantity distils at 240—242° under 12 mm. pressure 
as a very viscous, fluorescent yellow oil. On analysis: 

0°2145 gave 0°5398 CO, and 0°1130 H,O. C=68°63; H=5-85. 

C,,H,,0, requires C= 68°79 ; H=5°73 per cent. 

B-Naphthoxyfumaric acid, C,,H,*O-C(CO,H):CH:CO,H, is obtained 

on hydrolysis of the ethyl ester by means of alcoholic potash. On 


mixing the reagents, a red coloration is produced, and, after a short 
time, the potassium salt of the acid is precipitated as a yellowish solid. 
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After boiling on the water-bath for 1 hour, the alcohol is distilled off, 
the residue dissolved in water, and the organic acid liberated by hydro- 
chloric acid. For the removal of B-naphthol, which is formed along 
with B-naphthoxyfumaric acid, the precipitate is dissolved in sodium 
carbonate, the solution filtered and mixed with an excess of hydro- 
chloric acid. $-Naphthoxyfumaric acid is insoluble in water, it dis- 
solves with difficulty in ether, readily, however, in hot alcohol ; but on 
boiling the solution for some time, decomposition takes place with 
liberation of B-naphthol. The acid crystallises in small, yellowish 
plates, which darken at about 230° and melt.at 236° with evolution of 
gas. On analysis: 


01773 gave 0°4223 CO, and 0°0613 H,O. C=64:96 ; H=3°84, 
C,,H,,0, requires C = 65°11 ; H=3°87 per cent. 

I am at present engaged in the study of the action of concentrated 
sulphuric acid on B-naphthoxyfumaric acid with the view of condensing 
it to B-naphtha-1 : 4-pyronecarboxylic acid, and hope to publish the 
result shortly, 


Action of Ethyl Chlorofumarate on a-Naphthol. 


This reaction is of especial interest since, as mentioned in the intro- 
duction, a-naphthol differs from the other phenols in its behaviour 
towards the ethyl ester, inasmuch as it yields two substances which 
belong to a new class of cyclic compounds. The reaction is carried out 
in a manner similar to that employed in the preparation of ethyl 
f-naphthoxyfumarate ; namely, by adding a-naphthol (1 mol.) to an 
alcoholic solution of sodium (1 at.), removing the alcohol by distillation 
in a vacuum, finally at 190°, and mixing the dry naphtholate with 
ethyl chlorofumarate (1 mol.) dissolved in toluene. The action takes 
place with development of heat and is completed by boiling in a flask 
attached to a reflux condenser for 1—2 hours. The contents of the 
vessel consist of a yellowish, crystalline substance and a brown liquid ; 
theseare agitated with dilute sulphuric acid, andthecrystals arecollected 
and washed with ether. The solid represents the bisnaphtharony]l, 
C,,H,,0,, referred to in the introduction, whilst the dark filtrate con- 
tains ethyl naphtharonylacetate, C,,H,,0,, and ethyl a-naphthoxy- 
fumarate. 

Bisnaphtharonyl is almost insoluble in all the ordinary solvents, hot 
alcohol only dissolving traces and yielding a yellowish, fluorescent 
solution, It dissolves readily, however, in boiling nitrobenzene, form- 
ing a dark red solution with a deep green fluorescence, from which, on 
cooling, it separates in orange needles. These are freed from the 
adhering solvent by washing with hot alcohol ; they do not melt at 
335°, On analysis : 


424 RUHEMANN : CONDENSATION OF PHENOLS WITH 


0°1787 gave 05171 CO, and 0:0548 H,O, C=78:92; H=3°-40. 
01760 ,, 05100CO, ,, 00525 H,0O. C=79°02; H=3°31. 
C.,H,,0, requires C = 79°11 ; H=3-30 per cent. 


Bisnaphtharony] is insoluble in cold alkali, but dissolves when boiled 
with concentrated aqueous potash for 2 hours in a flask provided with 
a reflux condenser, forming a red solution. On adding hydrochloric 
acid, a yellowish solid is precipitated, which is insoluble in alcohol or 
acetic acid, but dissolves in nitrobenzene. From this solution, orange 
needles separate, which are no longer dissolved by cold potash. The 
properties of this compound point to its identity with bisnaphtharony], 
and this conclusion is supported by the following analysis : 


0°1863 gave 0°5391 CO, and 00590 H,O. C=78:91; H=3°'51. 
C,,H,,0, requires C= 79:11; H=3-30 per cent. 


This experiment proves that one or both rings, containing oxygen, 
in bisnaphtharonyl, open up by the action of potassium hydroxide, but 
under the influence of an acid close again to form the original com- 
pound. This may be weiner as follows : 


In the hope of effecting a deep-seated decomposition of bisnaphthar- 
onyl which would supply further evidence for its constitution, I have 
subjected the compound to the action of fused potash, but found that 
complete carbonisation takes place. 

On adding concentrated sulphuric acid to the substance, it becomes 
purple and then dissolves very slowly at the ordinary temperature, 
but rapidly on slightly warming, to yield a red solution. This, when 
poured into water, gives a yellowish solid which is soluble in water 
with great ease, Most probably there is thus formed a sulphonic acid 
of bisnaphtharonyl ; this view seems to be supported by the behaviour 
of nitric acid towards bisnaphtharonyl, 

Tetranitrobisnaphtharonyl, C,,H,(NO,),0,—Bisnaphtharonyl dis- 
solves in fuming nitric acid on warming slightly, and the red solution 
gives, with water, a yellowish solid. This is insoluble in the ordinary 
solvents, but dissolves in hot nitrobenzene, and on cooling crystallises 
in minute, yellowish-brown prisms, which are freed from the adhering 


Me 
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solvent by washing with hot alcohol. The compound does not melt at 
325°. On analysis : 


0'2590 gave 22°8 c.c. moist nitrogen at 19° and 778mm. N=10°36. 
C,,H,0,,.N, requires N = 10°29 per cent. 


Chim 
Ethyl Naphtharonylacetate, ii No: CH:CO,:C,H,. 


dl OS -00 


The dark mother liquor from bisnaphtharony], after being diluted 
with ether, is agitated with an excess of potash in order to free it from 
unchanged a-naphthol. The ethereal layer, which has a deep green 
fluorescence, is then dried with calcium chloride, the ether evaporated, 
and the last traces of toluene removed by heating in a vacuum on the 
water-bath. The dark oil which remains behind partly solidifies on 
standing. This product is dissolved in hot alcohol, and the solution, 
on cooling, deposits long, yellowish needles which, after recrystallisa- 
tion from the same solvent, melt at 146—147°. The substance is ethyl 
naphtharonylacetate. On analysis: 


0°1992 gave 0°5225 CO, and 0°0805 H,O. C=7154; H=4°49. 
C,,H,,0, requires C= 71°64 ; H=4-48 per cent. 

Ethyl naphtharonylacetate may be distilled in a vacuum, when it 
passes over as a yellowish oil which quickly solidifies ; it is sparingly 
soluble in cold alcohol or acetic acid, but readily so on boiling. The 
hydrolysis of the ethyl ester is still under examination, but the 
results of a few experiments undertaken in that direction may be 
recorded here. On using alcoholic potash, a deep purple coloration of 
the solution takes place, and the alkaline liquor, after removal of the 
alcohol by distillation and solution of the residue in water, yields a 
brown, gelatinous precipitate on treatment with hydrochloric acid. 
This is insoluble in water, but dissolves in alcohol with the greatest 
ease and separates from the solution in an amorphous state. If 
aqueous, instead of alcoholic, potash is used for the hydrolysis, the 
ethyl ester dissolves on boiling for 2 hours. On adding hydrochloric 
acid to the reddish solution, a yellow precipitate is formed ; this is a 
mixture of two or more acids which have not yet been separated. 


' i 


Naphtharonylacetamide, -~X 


Se: CH-CO-NH,. —The ethyl 
‘S—co 


ester reacts with alcoholic ammonia on remaining in contact with 
it at the ordinary temperature for some time. The needles of 
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the ester gradually disappear, being transformed into a yellowish, 
crystalline product, whilst the solution turns pink. After 2 days, the 
precipitate is collected, washed with water, and then with alcohol. It 
is insoluble in either of these solvents, but dissolves in glacial acetic 
acid and crystallises from this solution in groups of yellowish needles 
which blacken at 258° and melt to a dark liquid at 265° On 
analysis : 


0:2395 gave 12 c.c. moist nitrogen at 14° and 749mm. N=5°88. 
C,,H,O,N requires N = 5°85 per cent. 


»>—O—C-CO,’C,H, 
Ethyl a-Naphthoxyfumarate, oe CH-CO,-C,H,, 


ee 


The dark alcoholic mother liquor from ethyl naphtharonylacetate, 
on concentration, yields a further crop of crystals of the same ester ; 
finally, an oil remains which is fractionated under diminished pressure. 
The greater part distils at 246—248° under 16 mm. pressure as a 
viscous, yellow oil. This is ethyl naphthoxyfumarate, On analysis: 


0°1995 gave 0°5025 CO, and 0:1090 H,O. C=68-68; H=6-07. 
C,,H,,0,; requires C= 68°79 ; H=5-73 per cent. 


In conclusion, it may be mentioned that the action of ethyl chloro- 
fumarate on a-naphthol takes place, also, at the ordinary temperature 
on adding to the dry sodium derivative of a-naphthol a solution of the 
ethyl ester in absolute ether; heat is developed, the mixture turns 
red, and deposits a solid. After standing for several days in a flask 
provided with a drying tube, the product is treated as in the former 
case in order to separate the above-mentioned compounds. 


GONVILLE AND Caius COLLEGE, 
CAMBRIDGE, 


XLIl.—Mesoxalic Semi-Aldehyde. 


By Henry Joun Horstman Fenton, F.R.S., and Jonn Henry RyrFe£t, 
B,A., B.Se, 


CHLORINE and bromine have, as is well known, very little action on an 
aqueous solution of tartaric acid at the the ordinary temperature ; it is 
found, however, that in presence of ferrous iron the action is consider- 
ably accelerated. If the solution be saturated with chlorine, the yellow 
colour which is first produced soon disappears on standing, and after 
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some hours the odour of chlorine is no longer perceptible. On 
addition of phenylhydrazine acetate or hydrochloride to the solution so 
obtained, a bright orange-yellow precipitate is produced. 

In order to study the nature of this reaction, the following method 
was adopted. Ordinary d-tartaric acid was dissolved in five to ten 
times its weight of water and mixed with a small quantity of freshly 
prepared ferrous tartrate (obtained by dissolving ‘ ferrum redactum’ 
in a solution of the acid). A slow current of chlorine was then passed 
into the mixture until saturation appeared complete. After standing 
overnight, or until the odour of chlorine had disappeared, it was again 
saturated with the gas, and this treatment repeated until a sufficient 
quantity of the product had been formed, the progress of the change 
being ascertained by the phenylhydrazine reaction. The liquid was 
then concentrated to a small bulk by distillation under very reduced 
pressure at about 50°, and was then allowed to stand, preferably in a 
vacuum desiccator, until most of the unaltered tartaric acid had 
crystallised out. The mother liquor from these crystals remains as a 
thick syrup which refuses to crystallise. The product is very stable 
at the ordinary temperature aud keeps remarkably well without 
apparent change, but boiling changes its character, the product then 
giving a small quantity of a highly crystalline, brownish precipitate 
when tested with phenylhydrazine. 

Bromine, or hypochlorite, produces an effect similar to that of chlorine, 
and avery simple method of demonstrating the change is to add a small 
quantity of sodium hypochlorite to potassium hydrogen tartrate sus- 
pended in water and mixed with a little ferrous salt. After allowing 
the mixture to stand a short time and removing any excess of chlorine, 
if necessary, by a current of air or by sulphurous acid, the liquid 
gives an abundant orange-yellow precipitate with phenylhydrazine salts. 

The proportion of iron used is (as in various similiar oxidation pro- 
cesses previously described by one of the authors) not a matter of 
importance ; the merest traces have a marked effect. In these experi- 
ments, about 1/5000 to 1/1000 part of iron to 1 part of acid was employed. 

In the present case, a certain amount of action can be detected in 
absence of iron, but the process is then very slow and the yield poor. 

The syrupy product obtained in the manner described above still 
contains tartaric acid, and in order to investigate its nature the action 
of various reagents was studied. 


Action of Phenylhydrazine. 


A dilute solution of the product gives the above described orange- 
yellow precipitate almost immediately in the cold with either the 
acetate or hydrochloride of phenylhydrazine. The precipitation is 
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accelerated by heating and is complete in half-an-hour or less. After 
washing with water and drying in the air, the precipitate dissolves 
easily in alcohol and sparingly in hot benzene or chloroform. From 
the latter solvent, it separates on cooling in masses of brilliant orange- 
golden needles or prisms. These, when quickly heated, melt usually 
at-218° after the first crystallisation and on further recrystallisation 
once or twice from the same solvent, melt constantly at 222—224°. 
Analysis of the product dried at 100° gave the following result : 


0°1181 gave 20:1 c.c. nitrogen at 18° and 749 mm. N =19-74 per cent. 


It dissolves in boiling sodium carbonate solution, and, on cooling, a 
beautifully crystalline sodium salt is deposited, the aqueous solution 
of which dyes silk, wool, &c., a bright lemon-yellow colour. Heated with 
acetic anhydride, it yields a substance which erystallises from alcohol 
in brilliant orange-red needles which melt at 150°. 

The composition and properties of the product coincide in every way 
exactly with those of one which has previously been described in 
various former communications (Fenton and Jones, Trans., 1900, 77, 
77, and 1901, '79, 91). 

It was first obtained by the further oxidation of malic acid in pre- 
sence of iron, secondly by oxidation of oxalacetic acid under similar 
conditions, and thirdly by heating the phenylhydrazine salt of di- 
hydroxymaleic acid with excess of phenylhydrazine for some time on 
a water-bath. (The same result is also produced by heating the salt 
with water alone.) Analysis of the compound prepared in these ways 
gave C=63'2, H=5'1, N=20°1 per cent. as a mean of several con- 
cordant experiments. The nature of the compound was the subject of 
much investigation, since it so closely resembled the osazone of hydroxy- 
pyruvic acid, first obtained by Nastvogel from dibromopyruvic acid 
(Annalen, 1888, 248, 85), and subsequently by Will from collodion- 
wool (Ber., 1891, 24, 400 and 3831). The same osazone was afterwards 
obtained by the action of phenylhydrazine on the product of oxidation 
of glyceric acid in presence of iron (Fenton and Jones, Trans., 1900, 
77, 72). There remained, however, the very considerable discrepancy 
in the melting point. The osazone of hydroxypyruvic acid melted at 
201—203° (Nastvogel), 205° (Will), and 207° (Fenton and Jones) ; 
whereas the product at present under discussion melts at 222—224°.* 

In consequence of this difference, and in view of the fact that the 
present product of higher melting point was always obtained from 


* Friedel and Combes (Bull. Soc. Chim., 1890, [iii], 8, 770) state that by adding 
phenylhydrazine to the product of electrolysis of tartaric acid, they obtained the 
osazone of glyoxal, melting at 160°, and the osazone of glyoxalcarboxylic acid, 
melting at 218°. They give, however, no details, analyses, or further information 
whatever. 
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acids containing 4 carbon atoms in the molecule, other possible ex- 
Janations as to its nature were suggested (Fenton and Jones, Trans., 
1901, '79, 98). It might, for example, be the hydrazide-dihydrazone 
of dioxosuccinic acid, and this idea was apparently supported by the 
fact that when heated with acetic anhydride it gives notable quantities 
of carbon dioxide and aniline in addition to the phenylhydrazine- 
ketophenylpyrazolone of Knorr. This result might, however, be other- 
wise explained, and the question still remained open whether the 
product of higher melting point is a derivative of a 3 or 4 carbon 
acid. The calculated composition shows very little difference, Nast- 
vogel’s osazone, C,,H,,0,.N,, requiring C 63°82, H 4:96, N 19°85 
per cent., and the 4 carbon derivative above suggested, C,,H,,0,N,, 
requiring C 63°46, H 4°80, N 20°19 per cent. 
By a numerical coincidence, the same close similarity of composition 
exists between the corresponding derivatives of various other hydr- 
azines (nitrophenyl-, bromophenyl-, tolyl-hydrazine, &.), so that it is 
evident that the question cannot be settled by analysis of any of these 
derivatives. Jt appeared probable, however, that a careful comparison 
of the properties of derivatives of these substituted hydrazines obtained 
from dibromopyruvic acid with those from the tartaric acid oxidation 
product now under discussion should give more definite information 
as to the question, and the following experiments were therefore made 
with this object. 

(1) The product obtained from tartaric acid by action of chlorine, 
described above, was mixed with excess of p-bromophenylhydrazine 
dissolved in acetic acid. The resulting orange-coloured precipitate 
was washed, dried in the air, and recrystallised twice from a mixture 
of absolute alcohol and benzene. The long, bright orange-coloured 
needles so obtained melted at 245—246°. 

Dibromopyruvic acid (1 mol.) was then dissolved in water and mixed 

with a solution of y-bromophenylhydrazine hydrochloride (2 mols.) and 
the mixture allowed to stand 3 to 4 hours at the ordinary temperature, 
An orange precipitate exactly similar to that last mentioned was ob- 
tained, and this, when recrystallised in a similar way, melted precisely 
at the same temperature, 245—246°. 

(2) The tartaric acid product was mixed with an excess of p-tolyl- 
hydrazine hydrochloride in aqueous solution. An orange-red precipitate 
soon appeared, and after 3 or 4 hours was filtered off, washed, dried, 
and recrystallised from hot benzene. The orange-coloured needles so 
obtained, when slowly heated, began to soften at 188° and melted com- 
pletely at 194—195°. Nastvogel (Joc. cit.), by the action of p-tolyl- 
hydrazine hydrochloride on dibromopyruvic acid, obtained golden 
needles which melted at [86—188°. 
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(3) These results pointed so strongly to the identity of the products 
from the two different sources that it appeared desirable to prepare 
the phenylhydrazine derivative from dibromopyruvic acid exactly 
according to Nastvogel’s directions, and to compare it with the osazone 
from the tartaric acid product. 

The melting point of this osazone from tartaric acid, oxalacetic 
acid, malic acid, and dihydroxymaleic acid has been determined a very 
large number of times, and the results from all these different sources 
are remarkably concordant ; it may, in fact, be taken as established 
that the melting point is 222—224°. 

The specimens from all these sources have, for analysis, been re- 
crystallised from chloroform and the melting points determined by the 
quick-heating method. But even slow heating does not lower the 
melting point more than 3° or 4°. 

With regard to Nastvogel’s osazone, this author does not mention 
how the melting point was determined, but Will determined it by the 
quick-heating method. But in all the methods by which this osazone 
has hitherto been obtained (that is, from dibromopyruvic acid, 
collodion-wool, and glyceric acid) the product was purified by crys- 
tallisation from benzene. 

Nastvogel’s experiment was therefore carefully repeated :—3°5 
grams of phenylhydrazine hydrochloride were dissolved in water and 
a solution of 3 grams of dibromopyruvic acid was added, the mixture 
being kept cold. A bright orange precipitate began to separate 
almost at once, and after 34 hours was collected, washed, dried in the 
air, and recrystallised three times from hot chloroform. The resulting 
product resembled in every respect the osazone from tartaric acid, 
&c., and melted at 222—224°. 

It is thorefore evident that this is the true melting point of the 
osazone, and it is remarkable that so many observers have obtained 
the lower value, the explanation being, apparently, that chloroform 
is the more appropriate solvent for its purification. 

The above facts practically remove all doubt as to the identity of 
Nastvogel’s osazone with that at present under discussion. Further 
evidence of this was obtained in the following way. The highly con- 
centrated syrup from the oxidation product of tartaric acid was dis- 
solved in absolute alcohol, saturated with dry hydrogen chloride, 
allowed to stand overnight, and distilled to small bulk under 
diminished pressure and the product again treated in a similar 
manner. It was then poured into cold water, extracted with ether, 
and dried over calcium chloride. After distilling off the ether, the 
liquid contains some ethyl tartrate and the products are difficult to 
separate, but on adding phenylhydrazine acetate and diluting with 
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water a lemon-yellow precipitate slowly separates. This, when re- 
crystallised, first from alcohol and then from benzene and a little 
light petroleum, was obtained in yellow, transparent plates which 
melted at 229—231°. This substance dissolves easily in hot alcohol 
or benzene, but is nearly insoluble in alkalis. . 

0°1889 gave 29°8 c.c. nitrogen at 19° and 751 mm. N=18°28. 

C,,H,,0,N, requires N = 18-06 per cent. 

This product is evidently identical with that which Will obtained 
by the action of ethyl iodide on the osazone from collodion-wool, and 
is, in fact, the ethyl ester of this osazone : 


CH(N,HPh)-C(N,HPh)-CO,Et. 


The osazone, CH(N,HPh)-C(N,HPh)-CO,H, may obviously be 
derived from (1) hydroxypyruvic acid, (2) the semi-aldehyde of tartronic 
acid, or (3) the semi-aldehyde of mesoxalic acid. The product which 
Will obtained from collodion-wool is considered by him to be hydroxy- 
pyruvic acid from analysis of its metallic salts and from the fact that 
it is not oxidised by bromine. 

The substance obtained by Fenton and Jones by oxidation of glyceric 
acid in presence of iron is in many respects similar, but it gives an 
intense violet colour with ferric salts in presence of alkalis, a property 
which presumably is not possessed by Will’s product, since no mention 
is made of it. The glyceric acid product, if it is not hydroxypyruvic 
acid, may possibly be the tautomeric dihydroxyacrylic acid, 

CH(OH):C(OH)-CO,H. 

The oxidation product from tartaric acid at present under discussion 
might, so far, be any of the above-named acids. It gives, however, - 
when its formation is complete (see below), no colour with ferric salts 
in presence of alkali. It might conceivably be dichloropyruvic acid, 
but this is excluded by the fact that if the solution be precipitated 
with barium acetate, the well-washed barium salt obtained contains 
no chlorine, and on decomposition with dilute sulphuric acid gives, 
with phenylhydrazine, the same osazone as before. 


Action of Hydroxylamine. 


If the substance under discussion is the semi-aldehyde of mesoxalic 
acid, it would be expected that the action of excess of hydroxylamine 
should give the dioxime, CH(NOH):C(NOH):CO,H, or dioximido- ~ 
propionic acid. This oxime was obtained by Séderbaum (Ber., 1892, 
25, 904) by the action of hydroxylamine on dibromopyruvic acid, and 
was shown to exist in two forms. The ‘ primary’ acid, 

HC —C-CO,H 
N-OH OH:N . 
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: C———C:-C0,H 
lts at 141—143°, and the ‘ dary’ 
melts a , and the ‘secondary ’ acid, we OH i. OH ’ at 


about 172°. 

If the primary acid is dissolved in the least possible quantity of 
ammonia, well cooled by ice, and acidified with hydrochloric acid, it is 
transformed into the secondary acid. Both forms give a blood-red 
colour with ferric chloride, and with ferrous sulphate and a little 
caustic soda they give an intense, but unstable, violet colour, Cupric 
acetate gives an olive-green precipitate, 

The present tartaric acid oxidation product was concentrated as be- 
fore and freed as much as possible from unaltered tartaric acid ; it 
was then dissolved in water, mixed with excess of an aqueous solution 
of hydroxylamine hydrochloride, and neutralised, or nearly so, by the 
gradual addition of solid sodium carbonate, the mixture being cooled 
by ice. ‘The solution turns dark red or violet, and on standing de- 
posits a white sodium salt. It was allowed to stand for a few hours 
at 0° and then for about 24 hours at the ordinary temperature. The 
mixture was filtered with the aid of suction, the solid sodium salt 
treated with excess of dilute sulphuric acid, and extracted several 
times with ether. The ethereal solution was distilled to a small bulk 
and allowed to stand in a vacuum desiccator, when it solidified toa 
reddish mass. This was dissolved in the least possible quantity of 
ammonia, well cooled by ice, and acidified with strong hydrochloric 
acid. 

After standing a short time, a mass of long, colourless needles 
separated ; these were purified by redissolving in ammonia and acidify- 
ing with dilute sulphuric acid under similar conditions. 

The resulting product, dried in a vacuum desiccator, when slowly 
heated melted at 178—180°. It is somewhat sparingly soluble in 
cold water and the aqueous solution behaves with ferric chloride, 
ferrous sulphate, and cupric acetate exactly as above described with 
Séderbaum’s acid. 

The vacuum-dried product gave the following results on analysis : 


I. 0°1571 gave 0°1551 CO, and 0°0454 H,O. C=26:92; H=3-21. 
II. 0:1064 ,, 188 c.c. nitrogen at 18° and 767 mm. N=20°98. 
0,H,0,N, requires C= 27:27; H=3°03; N=21-21 per cent. 


Oxidation to Mesoxalic Acid. 


The action of hydroxylamine and of phenylhydrazine practically 
settles the question as to the nature of the product under discussion, 
that it is the semi-aldehyde of mesoxalic acid. It was considered, how- 
ever, that it would be satisfactory to prove the matter conclusively by 
oxidation/of the aldehyde to mesoxalic acid. 
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Bromine or chlorine did not appear to be suitable agents for this 
purpose, owing to the presence of unaltered tartaric acid in the sub- 
stance to be operated on, so that cupric oxide was selected as the most 
appropriate. A solution of the tartaric acid oxidation product was 
made alkaline with soda and mixed with excess of freshly precipitated 
cupric hydroxide. On warming to about 60°, a rapid reduction took 
place, and when this appeared to be complete the mixture was filtered, 
the liquid acidified with hydrochloric acid, and the copper removed by 
hydrogen sulphide, excess of the latter being avoided. Addition of 
phenylhydrazine, as acetate or hydrochloride, to this solution gave a 
yellow colour, and after standing a short time, a pale yellow precipi- 
tate consisting of masses of fine needles. These, when recrystallised 
from hot alcoho], melted at 171—172° and corresponded in properties 
exactly with the hydrazone of mesoxalic acid (compare Elbers, Annalen, 
1885, 22'7, 341; Clemm, Ber, 1898, 31, 1451; Fenton and Jones, 
Trars., 1900, '7'7, 71). 

For analysis, the substance was prepared from the pure product 
described below and phenylhydrazine hydrochloride. Thus obtained, 
it was quite pure without recrystallisation. After being well washed 
with water and alcohol and dried in a vacuum desiccator, two distinct 
specimens, prepared on different occasions, melted at 173—174° and 
gave on analysis the following results : 


I. 0°2243 gave 25°5 c.c. nitrogen at 14° and 765 mm. N=13°65. 
II, 0°1910 ,, 222 ,, 5, 17° ,, 759mm. N=13°70. 
C,H,O,N, requires N = 13°46 per cent. 


Clemm gives the melting point of mesoxalic hydrazone as 174°. 


Mode of Formation. 


Theoretically there are, of course, several ways in which the semi- 
aldehyde of mesoxalic acid might result from tartaric acid by oxida- 
tion, and experiments were made with the object of ascertaining 
which of these is more probable. The simple removal of one mol. of 
carbon dioxide from ‘ anhydrous’ dihydroxytartaric acid or dioxosuccinic 
acid would at once afford a direct explanation, 

CO,H-CO-CO-CO,H = CO,H:CO°-CHO + CO,, 
but as yet it has not been found possible to prepare the substance 
from dihydroxytartaric acid ; heating the acid alone, with acid and 
with iron salts all gave negative or unsatisfactory results. It was 
observed, on the other hand, that in preparing the product by the 
action of chlorine on tartaric acid in presence of iron in the manner 
above described, the liquid in the first instance always gives a notable 


reaction for dihydroxymaleic acid when tested with ferric chloride and 
VOL, LXXXI. GG 
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alkalis (compare Fenton, Chem. News, 1876, 33, 190 ; 1881, 43, 110), but 
after the completion of the process, by further action of chlorine and 
subsequent distillation, this property no longer appears. The initial 
change which takes place may therefore consist in the formation of 
dihydroxymaleic acid, and this, by futher oxidation and loss of carbon 
dioxide, may give rise to mesoxalic semi-aldehyde, 


C,H,O, + O = C,H,O, + H,O + CO,. 


In order to test the latter hypothesis, pure dihydroxymaleic acid 
was subjected to oxidation under various conditions. It was previously 
shown that this acid is oxidised almost quantitatively by bromine at 
the ordinary temperature to dihydroxytartaric acid (Trans., 1894, 67, 
48), and in trying modifications of the process it was often observed 
that the presence of iron—the agent which was essential for the 
formation of dihydroxymaleic acid from tartaric acid—had a deleterious 
effect. In view of this fact, it seemed not improbable that, in the 
process at present under discussion, the ferric salt produced may be 
the active agent in the oxidation of dihydroxymaleic acid to mesoxalic 
semi-aldehyde. This supposition is entirely borne out by experiment, 
and the oxidation is found to take place almost quantitatively when 
carried out in the following way. 

Crystallised dihydroxymaleic acid, C,H,0,,2H,O, is covered with 
water or dilute alcohol and a solution of ferric chloride or sulphate 
gradually added. Each drop of the ferric salt produces an intense 
violet-black coloration which quickly disappears, with a considerable 
rise of temperature. The temperature of the mixture is allowed to 
rise to about 40°, being aided by warming if necessary, and the 
addition of the ferric salt is continued until a further quantity no 
longer produces the coloration mentioned, This point is reached when 
the substances are present very nearly in the ratio of C,H,0, : 2Fe. 

The iron is entirely reduced to the ferrous state, and the end-point 
may easily be demonstrated by the usual indicators. A brisk evolution 
of carbon dioxide occurs during the process, and the change may be 
expressed by the equation : 


0,H,O, + Fe,(S0,), = 0,H,O, + 2Fe80, + H,SO, + CO, 


The reaction appears to take place only with ferric salts of strong acid 
radicles and in presence of water; if ferric acetate be used in aqueous 
solution, or if alcoholic ferric chloride be added to alcoholic solution of 
dihydroxymaleic acid, the dark violet colour produced remains quite 
persistent, at any rate for several hours. 

In order to obtain the product free from iron, it is best to employ 
ferric sulphate as oxidising agent, and, after concentration in @ 
vacuum desiccator, to precipitate the ferrous salt by alcohol and ether, 
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the free sulphuric acid being neutralised by the calculated amount of 
sodium carbonate or baryta water. By repeating the concentration and 
treatment with alcohol and ether, and removing the latter in a vacuum 
desiccator, a syrup practically free from iron is left, which gives all the 
reactions described above for the tartaric acid oxidation product. 
Phenylhydrazine acetate or hydrochloride gives the above-described 
osazone melting at 222—224°; hydroxylamine gives the dioxime 
identical in every way with that obtained from the tartaric acid 
product, and oxidation with alkaline cupric hydroxide gives a large 
yield of mesoxalic acid. 

In order to avoid the large quantity of iron salts present in the 
above method, a very small quantity of a ferric salt may be employed, 
and, as soon as reduction is complete, the resulting ferrous salt may be 
re-oxidised by hydrogen dioxide, the addition of the latter being 
continued until the change is completed. This method appears to give 
good results except that a small quantity of dihydroxytartaric acid 
may be formed at the same time, so that the use of a ferric salt only as 
oxidising agent is the most reliable. 

The behaviour of ferric iron in the reaction here described is of 
much interest in throwing light upon certain processes of oxidation in 
presence of iron where a ferric salt has been employed (compare 
Fenton, Trans., 1900, '77, 1296). In these cases, there is little doubt 
that a ferrous salt is first produced, possibly only in minute quantity, 
and that this determines the oxidation in the usual manner ; ferric 
salt appears to encourage the breaking down of the resulting product 
with evolution of carbon dioxide. 

The isolation of mesoxalic semi-aldehyde as above described leaves 
now only four out of the eleven possible oxidation products of glycerol 
which have not been obtained ; mesoxalic dialdehyde being known only 
in the form of oxime, and tartronic semi-aldehyde and dialdehyde, 
and hydroxypyruvic aldehyde being unknown. 

Many interesting results may be expected from a further study of 
this aldehyde-acid ; its aldehyde hydrate may be regarded as tautomeric 
with the hitherto missing trihydroxyacrylic acid, which is of much 
interest owing to its relationship to uric acid. 


_ A-considerable part of the expenses incurred in carrying out this 
investigation has been defrayed by funds kindly supplied by the 
Government Grant Committee of the Royal Society, 
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XLUL—The Picriminothiocarbonie Esters. 


By James Coprineton Crocker, B.A., Scholar of St. John’s College, 
Cambridge. 


A sHorT preliminary note on the picriminothiocarbonic esters has 
already appeared (Camb. Univ. Rep., 1902, 32, 23, 549), but in view of 
the publication of a paper dealing with the action of acidic thiocyanates 
on alcohol (Dixon, Trans., 1902, 81, 168), it seems advisable to 
publish the work in full. The experiments deal entirely with the 
action of picryl chloride on thiocyanates and alcohols. The reaction 
is a remarkable one, and takes place, in most cases, with ease, the 
products being beautifully crystallised bodies. The first ease investi- 
gated was the reaction of picryl chloride on ammonium thiocyanate in 
ethyl alcohol solution. 


Ethyl Picryl Picriminothiocarbonate. 


Ten grams of picryl chloride dissolved in hot absolute alcohol were 
mixed with a hot alcoholic solution of 3°2 grams of ammonium 
thiocyanate. Precipitation immediately took place, and a yellow oil 
sank to the bottom and later solidified to a yellow solid. The whole 
mass was filtered on cooling, washed with alcohol, water, and lastly 
with alcohol again. The yield was 10 grams, and the mother liquor 
contained free hydrochloric acid. On crystallisation from ethyl alcohol 
and glacial acetic acid (1:1), 8 grams of the pure substance were 
obtained. It forms golden-yellow, compact prisms melting at 138°. 
It is insoluble in water or ether, and sparingly soluble in alcohol, but 
easily so in benzene or acetic acid. Analysis gave the following 
results : 


0°2049 gave 0:2566 CO, and 0°0352 H,O. C=34:15; H=1°91. 
0°2152 ,, 34°6 c.c. moist nitrogen at 17° and 755 mm. N =18°53. 
02107 ,, 348 cc. is 20° ,, 759mm. N=18°87. 
0°2001 ,, 0°0910 BaSO,. S=6-24. 

C,;H,O,,N,S requires C= 34°16; H=1:71; N=18°59; S=6-07 per cent. 


The substance probably contains two picryl groups. On boiling it 
with very concentrated aqueous potash, ammonia was evolved and 
ethyl alcohol was found in the distillate; it must thus contain an 
ethoxy-group. This was shown quantitatively by the Zeisel method. 
The whole apparatus was kept at 85—90°, and an additional bulb con- 
taining dilute copper sulphate was interposed to retain the sulphur- 
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etted hydrogen formed during the reaction. The result shows that 
one ethoxy-group is present. 


0:2575 gave 0'1107 AgI. OEt=8:23. 
C,,H,0,,.N,S-OEt requires OEt = 8°54 per cent. 


The substance is only oxidised with difficulty, and is recovered 
practically unchanged after boiling for two hours with a 10 per cent. 
solution of chromic acid in glacial acetic acid. If boiled for two 
hours with a mixture of glacial acetic acid and hydrochloric acid, 
hydrolysis takes place, and after dilution and decolorisation of the 
resulting liquor, picramide is deposited on cooling in bluish-yellow 
crystals melting at 188°. The yield of picramide was about 25 per 
cent. of the ethoxy-compound taken. 

These facts gave a clue to the structure of the substance. It must 
contain two picryl groups, one of which is attached to a nitrogen atom, 
forming a picrimino-group, Pi:N:, the other being attached to the 
sulphur atom. The reaction is doubtless connected with the remark- 
able property which picryl derivatives possess of forming additive 
compounds, since neither phenyl thiocyanate nor phenylthiocarbimide 
reacts with picryl chloride and alcohol. The formation is explained 
by the equations, picryl thiocarbimide, Pi-N:C:S, being regarded as the 
first product : 


Pi-N:O:8 + Pid] = PieN:O<Gh. 


Pi-N:0<Gh.. + EVOH = Pi-N:0<Cpe + HO. 


The alternative explanation, involving the formation of a pseudo- 
thiourethane, Pi-N:C(OEt)-SH, by the addition of a mol. of the 
alcohol to the thiocarbimide, is rendered improbable in view of the 
fact that picryl chloride is not decomposed by boiling with water or 
alcohol. Much less likely is it, then, to act on a SH-group, On the 
other hand, ethyl chlorocarbonate is easily decomposed by water or 
alcohol. This renders it very probable that the ethyl picrimino- 
chlorothiocarbonate—which in addition contains two strongly acidic 
picryl groups—will easily react with alcohols. 

The hydrolysis to picramide is easily understood from the following 
equation : 

PiN:0<OEt 4 HO = Pi-NH, + CO<Qpy. 

When hydrolysed with potash, the picramide first formed is decom- 
posed by the alkali into ammonia and potassium picrate. 

The action of picryl chloride and ammonium thiocyanate has been 
tried on other alcohols with similar results. It was somewhat 
unexpected, however, to discover two isomeric methoxy-ccmpounds 
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easily transformable one to the other. The more stable form, the “ B- 
isomeride,” is obtained in the usual way, 


Methyl Picryl Picriminothiocarbonates, 


Ten grams of picryl chloride were dissolved in hot methyl alcohol 
and mixed with a solution of 3:2 grams of ammonium thiocyanate in 
methyl alcohol ; immediate precipitation took place, and on cooling the 
crumbling mass was filtered off, ‘The yield amounted to 9:2 grams, and 
the mother liquor contained free hydrochloric acid. The crude product 
may be crystallised from a mixture of glacial acetic acid and methyl 
nlcohol (1:1); it is then obtained in fine, fluffy needles, melting 
constantly at 169°, which are insoluble in water or ether, slightly 
soluble in alcohol, and easily so in benzene or glacial acetic acid. 
Analysis confirmed the view that the substance was methyl pioryl 
picriminothiocarbonate : 


0°2027 gave 0:2437 CO, and 0:0319 H,O. .C=32°78; H=1:-75, 
0°2534 ,, 40°8 c.c. moist nitrogen at 14° and 769mm, N=19-18, 
0°2245 ,, 01004 BaSO,. S=6:14. 

C,,H,0,,N,8 requires C = 32°75 ; H=1°37; N=19°10; S=6-24 per cent, 


The methoxy-group was determined by the Zeisel method in the 
usual manner, except for the addition to the apparatus of a bulb of 
dilute copper sulphate solution to absorb the sulphuretted hydrogen 
formed. The result indicates that one methoxy-group is present in 
the molecule : 


0°2679 gave 0°1322 Agl. OCH,=6°51. 
C,,H,0,,N,S:OCH, requires OCH, = 6-04 per cent. 


The a-isomeride which was first discovered is prepared from the 
f-compound ; for this purpose, 5 grams of the f-isomeride are crys- 
tallised from 140 c.c. of a mixture of ethyl alcohol and acetic acid (1 : 1). 
The crystallisation is carefully watched. Minute, compact prisms are 
deposited at first. Immediately the B-isomeride begins to separate 
in fluffy aggregates, the mother liquor is poured off from the crystals, 
which are washed with alcohol and then with ether. The yield of the 
a-risomeride obtained by this means amounts to 1:2 grams. The sub- 
stance consists of compact, golden-yellow prisms, so like the ethoxy- 
compound in appearance as to be almost indistinguishable from it. It 
melts at 158°, is insoluble in water or ether, sparingly soluble in alcohol, 
and easily so in benzene or acetic acid. It is perfectly stable in the dry 
state and may be preserved for months unchanged, but in contact 
with solvents it is slowly but completely converted to the A-isomeride. 
The analyses indicate that the substance is methyl pieryl picriminothio- 
carbonate ; ; 
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0'2042 gave 0-2471 CO, and 0:0291 H,O. C=33-01; H=1°58. 
02035 ,, 0:2439C0O, , 0°0302 H,O. C=32-68; H=1-65. 
01536 ,, 25:3 c.c. moist nitrogen at 18° and 767 mm. N=19-21. 
02160 ,, 00912 BaSO,. S=5-80. 
C,,H,0,,N,S requires C = 32°75; H = 1:37; N=19°10; S=6-24 per cent. 
The presence of a methoxy-group was shown quantitatively by the 
Zeisel method : 


0°2106 gave 00962 AgI. OCH, = 6-03. 
C,;H,0,.N,S:OCH, requires OCH, = 6:04 per cent, 

That the two substances are not polymeric was shown by the identity 
of the molecular weights in benzene solution. Owing to the slight 
solubility in cold benzene, only one reading could be taken in each 
determination. 


a-Isomeride : 
01693 gram lowered the freezing point of 21°67 grams of benzene 
by 0°:075°. Mol. wt.=510. 


B-Isomeride : 
00823 gram lowered the freezing point of 16°73 grams of benzene 
by 0°048°. Mol. wt. =502. 


The calculated mol. wt. is 513. 


These are probably not desmotropic forms, because they are perfectly 
stable in the dry state. On the other hand, the ease with which they 
can be transformed, one to the other, in solution shows that they are 
very probably stereoisomerides of the oxime type. Two isomeric 
forms are possible, represented by the expressions : 

Pi8-(-0°CH, in Pi'S: C ‘O-CH; 
N°Pi Pi-N 


The fact that isomerides of the other homologues have not been 
prepared is not surprising when the limited means applicable in the 
particular case of these substances is considered. When melted, they 
decompose, and even when kept at about 130° for some time they are 
in most cases completely charred, owing to the high percentage of 
nitro-groups contained in them. 


n-Propyl Picryl Picriminothiocarbonate. 


2°5 grams of picryl chloride are dissolved in 10 c.c, of n-propyl 
alcohol and mixed with a hot solution of 0-8 gramjof ammonium thio- 
cyanate in 10 c.c. of n-propyl alcohol. A flocculent precipitate at once 
forms, On cooling, this is filtered from the mother liquor—which 
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is again found to be acid—washed with alcohol, water, and lastly 
with alcohol again. The yield amounted to 2 grams. The product 
was crystallised from alcohol and acetic acid (1:1). The pure sub- 
stance melts at 151—152°. It forms lustrous, golden-yellow leaflets, 
insoluble in water or ether, sparingly soluble in alcohol, fairly easily 
soin benzene, and easily so in acetic acid. Analysis indicated that the 
substance was propyl picryl picriminothiocarbonate : 


01861 gave 02408 C,0 and 0°0360 H,O. C=35:29; H=2°15. 
0°2323 ,, 36°4 moist nitrogen at 16° and 745 mm. N=17°89. 
02424 ,, 0°1049 BaSO, S=5-94. 

C,,H,,0,,N,S requires C = 35°49 ; H = 2:03; N=18-11; S=5-92 percent, 


isoButyl Picryl Picriminothiocarbonate. 


2°5 grams of picryl chloride dissolved in 10 c.c. of isobutyl alcohol 
are mixed with a hot solution of 0°8 gram of ammonium thiocyanate 
in 20c.c. of isobutyl aleohol. The mass becomes almost solid from 
the deposition of minute plates. On cooling, the precipitate is filtered 
off from the acid mother liquor. The yield amounts to 2°4 grams. 
After washing with alcohol, water, &., the product is crystallised 
from a mixture of acetic acid and alcohol (1:1). The new substance 
melts at 173° and consists of golden-yellow, lustrous leaflets, which 
are insoluble in water or ether, but easily soluble in acetic acid. 
Analysis showed it to be isobutyl picryl picriminothiocarbonate : 


0°2288 gave 0°3080 CO, and 0:0448 HO. C=36'72; H=2:17. 

01971 ,, 29°9 ¢.c. moist nitrogen at 16°and 765mm. N=17°80. 

02194 ,, 33:4 re - 15° ,, 760mm. N=17°83. 
C,,H,,0,,N,S requires C= 36°77 ; H=2°34; N=17°66 per cent. 


Similar compounds have been obtained with isopropyl, allyl, and 
benzyl alcohols, and the investigation of these is being proceeded with. 
The ease with which this reaction takes place makes it probable that 
it will be of use for the characterisation and identification of the 
lower alcohols; in most cases, it takes place easily, even when the 
alcohol is diluted with benzene. 


In conclusion, I have to thank Dr. G. 8. Turpin for his kindness 
in permitting me to start this work, which is the result of an observa- 
tion made by him in 1891. 


UNIVERSITY LABORATORY, 
CAMBRIDGE. 
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XLIV.—Isomeric Additive Compounds of Dibenzyl Ketone 
and Deoxybenzoin with Benzylidene-p-toluidine, 
m-Nitrobenzylideneamline, and Benzylidene-m- 
nmtranline. Part III. 


By Francis E, Francis, B.Sc., Ph.D. 


EXPERIMENTS similar to those carried out with dibenzyl ketone and 
benzylideneaniline (Trans., 1899, '75, 865 ; 1900, '77, 1191) were tried 
with this ketone and the benzylidene-o-toluidine and p-toluidine. As 
previously mentioned, the former substance does not appear to give 
additive compounds with dibenzyl ketone, whereas the latter readily 
reacts with it and with deoxybenzoin. 

The dibenzyl ketone benzylidene-p-toluidines isolated were similar 
to those obtained in the case of dibenzyl ketone benzylideneaniline, 
but apparently much less stable ; the a-modification, melting at 163°, 
is converted into what is presumably the B-form melting at 174° by 
recrystallisation from benzene containing traces of phenylhydrazine, 
and although it may be recrystallised several times under these con- 
ditions, its melting point falls to 163° if pure benzene is employed. 
A similar change takes place on treating the modification melting at 
174° with traces of sodium ethoxide, when a substance melting at 
182° is obtained, but again the melting point of this falls to 163° on 
recrystallisation. With regard to deoxybenzoin benzylidene-p-tolu- 
idine, great difficulty was experienced in obtaining more than very 
small amounts of the a-product owing, apparently, to its instability. 
A modification of high melting point and slight solubility was simul- 
taneously. produced from the mixture of deoxybenzoin and benzyl- 
idene-p-toluidine, and if the temperature was high enough, this was the 
only product formed. As it was desired, if possible, to obtain con- 
firmation of the work that had been previously carried out, the 
further investigation of these substances was abandoned. 

m-Nitrobenzylideneaniline was next employed, but the additive 
compound obtained with it and dibenzyl ketone turned out to be a 
mixture of two substances which could only be separated in the pure 
state in small amount and with considerable difficulty. The product 
possessing the lower melting point was apparently similar to the 
a-modifications previously described, the B-form obtained from it in 
the usual way by recrystallisation from benzene containing traces of 
piperidine showed a melting point 31° higher ; this was regarded as a 
satisfactory confirmation of previous results where the melting points 
of the B-modifications had never been more than 10—11° higher than 
those of the a-forms. On the other hand, traces of sodium ethoxide 
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which had previously given rise to the y-modifications of higher 
melting point than B-forms had but slight effect on either the a- or B- 
forms, and no substance of constant melting point could be isolated. 

The product having the higher melting point, produced with the 
a-modification and separated from it by its lesser solubility in dilute 
acetone, had the same molecular weight. Its melting point was 
within a few degrees of that of the B-form, but since its hydrochloride 
was different and its melting point was raised 10° by recrystallisation 
from benzene containing piperidine, it was presumably a different 
modification. 

The difficulty found in obtaining a sufficient quantity of these 
substances led to similar experiments being tried with benzylidene-m- 
nitraniline, and, unlikethe isomeric m-nitrobenzylideneaniline, this gave 
‘@ pure additive compound with dibenzyl ketone. The resulting 
a-dibenzyl ketone benzylidene-m-nitraniline was a stable, reddish-yellow, 
crystalline substance, and from it the B-modification was obtained with 
rather more difficulty than had been previously experienced, but when 
obtained had strikingly different characteristics, Although its 
molecular weight was identical with that of the a-modification, its 
melting point was 43° higher, and its crystalline form and greenish- 
yellow colour, together with its lesser solubility in the ordinary 
solvents, sharply differentiated it from that modification. It was also 
unaffected by heat, whereas most of these modifications are reconverted 
into the more stable a-form. A very similar change to this takes 
place when the a-modification is recrystallised from benzene containing 
traces of sodium ethoxide ; the substance obtained was, in appearance, 
solubility, and stability towards heat, very similar to the B-form, and 
only differed from it in having a slightly higher melting point, 
182—183°, as compared with 177—178°. In previous cases, it had 
been possible to further identify the different modifications by means 
of their hydrochlorides, but in this instance they were too unstable for 
this purpose, 

The correspondence between a- and £-dibenzyl ketone benzylidene-m- 
nitraniline and a- and f-dibenzyl ketone m-nitrobenzylideneaniline 
is close, and the distinction between the a- and B-modifications of each 
very much more marked than between any of those previously 
investigated, and sufficient finally to settle the individuality of 
the so-called -forms. As regards the y-modifications, the 
investigations described have not been go satisfactory ; however, if 
the compound obtained from a-dibenzyl ketone benzylidene-m- 
nitraniline corresponds to it, and it seems hardly likely that piperidine 
and sodium ethoxide should give rise to the same substances, then the 
previous statement about the f- is equally true about the 7-modifica- 
tions, It is hoped that. further investigation will also settle this 
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point. The substances of higher melting point which have been pro- 
duced in addition to the a-additive compounds in the case of benzyl- 
ideneaniline and deoxybenzoin (but not further investigated for want 
of material), benzylidene-p-toluidine, and deoxybenzoin, m-nitrobenzyl- 
ideneaniline, and dibenzyl-ketone and without the a-modification in the 
case of benzylidene-m-nitraniline and deoxybenzoin, appear to be 
similar in molecular weight and composition to the modifications 
described in this and previous papers as a-, 8-, and y-forms. The inability 
so far to obtain sufficient quantities of these substances makes it very 
difficult to investigate them further or to be able to state whether or 
no the addition of the benzylideneaniline or its derivatives to the 
ketone has taken place in the same manner as with the other 
modifications, 

An attempt is now being made to prepare such a ketone as diphenyl- 
acetophenone, for the following reason. According to Schiff, the 
constitution of the substances obtained from ethyl acetoacetate and 
benzylideneaniline may be formulated in the following manner : 


CH, OH, CH, OH, 
O NH C-OH NH . 
H-——OH C H 

CO,Et 0,H, 60,Et O,H, 
Ketonic form. Enolic form. 


Unlike ethyl acetoacetate, diphenylacetophenone, or a similar ketone 
having one CH- but no CH,— group, should react only in one way, that 
is, it should give rise to a ketonic modification as sole product, 


(CoH). CoH 


N H 
30 CH 
C,H, OH; 


It is hoped that this investigation may throw some light on the 
substances described in this and previous papers, and indicate 
whether or no they are similarly constituted to the additive products 
obtained by Schiff from ethyl acetoacetate. 


EXPERIMENTAL. 
Dibenzyl Ketone and Benzylidene-p-toluidine. 


(i) a-Dibenzyl Ketone Benzylidene-p-tolwidine.—When molecular pro- 
portions of dibenzyl ketone and benzylidene-p-toluidine are kept at 60° 
for 48 hours, this substance separates out. It is purified by washing 
with light petroleum and recrystallisation from boiling benzene ; the 
final yield of pure product was small, It is a white, crystalline sub- 
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stance, showing a constant melting point of 164°, soluble in hot, 
and to a less extent in cold benzene, and recrystallising unchanged 
from boiling alcohol, in which it is only slightly soluble. On analysis, 
the following results were obtained : 


Found C= 85°89 ; H= 6°89. 
C.,H,,ON requires C = 85:92 ; H=6°66 per cent. 


a-Hydrochloride, C..H,,ON,HCl.—I£ the a-additive product is 
dissolved in excess of benzene and dry hydrogen chloride passed in, the 
salt separates out as a white, crystalline mass melting at 143°. It is 
dissociated by water, giving the a-base melting at 164°, and, unlike the 
corresponding hydrochloride of dibenzyl ketone benzylideneaniline, 
which is partially converted into the y-base, it is dissociated by 
absolute alcohol, yielding the unchanged a-base melting at 164°. 

On analysis, the following result was obtained : 


HCl found 8°05 ; calculated 8°26 per cent. 


(ii) B- and y-Dibenzyl Ketone Benzylidene-p-toluidine.— Unlike the pre- 
viously described compounds, the a-form does not appear to be converted 
into the B-modfication by piperidine in benzene solution, but if the 
a-form is recrystallised from benzene containing a trace of phenylhydr- 
azine, a substance which appears to be the unstable B-modification 
melting at 174—175° separates out. This may be recrystallised from 
benzene containing traces of phenylhydrazine and shows an unchanged 
melting point, but if the substance be recrystallised several times 
from pure benzene its melting point falls to 164°, that is, it is recon- 
verted into the more stable a-modification. The following results were 
obtained on analysis : 


Found C = 85°89 ;s H=6°92. 
C,,H,,ON requires C = 85°92 ; H=6°66 per cent. 


If this modification, which is more unstable than any of those 
previously described, is dissolved in benzene and treated with traces 
of sodium ethoxide, it is precipitated unchanged by light petroleum 
after standing for 5 or 6 hours, but if kept at a temperature of 50° 
for 12 hours, the product then obtained by the same means shows a 
distinctly higher melting point, namely, 181—182°, but on recrystallis- 
ing the substance from pure benzene this gradually drops to 164°, 
the melting point of the a-modification. There appears to be some 
indication, therefore, of the existence of a y-modification, but both 
this and the 8- were so unstable that further work upon them was 
abandoned, 
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Deoxybenzoin and Benzylidene-p-toluidine. 


When molecular quantities of these substances were allowed to 
remain at 50° for 2 days, great difficulty was experienced in separating 
the additive compounds formed. A partial resolution into two fairly 
pure modifications was effected by benzene, the substance possessing 
the higher melting point being much less soluble than the other. The 
latter, of which only small quantities were obtained, could be 
recrystallised from benzene and light petroleum, and showed a fairly 
constant melting point of 147°, but from its crystalline appearance it 
was evidently impure ; it corresponds, apparently, to the a-modification, 
and on melting appeared to be partially converted into the substance 
of higher melting point. It gave the following results on analysis : 


Found C= 85:21; H=6'58. 
C,,H,,ON requires C= 85°93 ; H=6°39 per cent, 


The substance of higher melting point can be obtained without the 
o-modification by keeping the mixture of benzylidene-p-toluidine and 
deoxybenzoin between 65° and 70° during the condensation, and on 
recrystallisation from boiling toluene melted sharply at 191°. It can 
berecrystallised unchanged from toluene containing traces of piperidine. 
A determination of the molecular weight in pyridine solution gave 410, 
as compared with 391, the calculated value. It evidently corresponds 
to the similar substance obtained from benzylideneaniline and deoxy- 
benzoin and to others described in this paper. 

It gave the following results on analysis : 


Found C=85'58 ; H=6°65. 
C,,H,,ON requires C = 85:93 ; H= 6°39 per cent. 


Dibenzyl Ketone and m-Nitrobenzylideneaniline. 


(i) a-Dibenzyl Ketone m-Nitrobenzylideneaniline.—When the ketone 
and base are mixed in molecular proportion and kept at a temperature 
of 50—60°, this substance, together with another of much higher 
melting point, slowly separates out. The removal of the a-modifica- 
tion from this mixture is best effected by fractional crystallisation 
from dilute acetone, or, with more difficulty, from chloroform and light 
petroleum ; the yield of pure a-product melting at 147° is small. It 
is a light yellow, crystalline powder, soluble in benzene or chloroform, 
and best recrystallised from benzene or light petroleum. It is not 
affected by recrystallisation from boiling alcohol, and may be rapidly 
melted without change. It gave the following results on analysis ; 


Found C=77°42 ; H=5°84. 
C,,H,,0,N, requires C= 77:06 ; H=5-50 per cent. 
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It is slightly basic, but judging from the instability of the hydro- 
chloride obtained by passing dry hydrogen chloride into a benzene 
solution of the base, the introduction of the nitro-group has weakened 
the basicity. The hydrochloride is a white, crystalline powder, melt- 
ing between 136° and 137°, and rapidly dissociating, even in dry air, 
into the a-base and hydrogen chloride. 

The substance possessing the higher melting point obtained, with the 
a-modification as described above, can be obtained pure by recrystallisa- 
tion from pure benzene. It melts at 179—180°, and is a yellow, crystal- 
line mass, less soluble in benzene than the a-form. A determination 
of the molecular weight in benzene solution gave 412 and 409 instead 
of 436, the calculated value. It slowly melts if kept for 11 minutes at 
147°, the melting point of the a-modification. If crystallised from 
benzene containing traces of piperidine; its melting point rises to 
188—189°. It gave the following results on analysis : 


Found C=77:39; H=5°78; N=6-40. 

C.,H.,O,N, requires C= 77°06 ; H=5:50; N=6:42 per cent. 

The hydrochloride obtained in the usual way is a white, crystalline 
powder melting at 148—149°, and is dissociated by water, giving back 
the base melting at 177—178°. It gave the following result on 
analysis : 

Found HCl = 7-40. 

C,,H,,0,N, requires HCl= 7°72 per cent. 

(ii) B-Dibenzyl Ketone m-Nitrobenzylideneaniline.— W hen thea-additive 
compound is recrystallised from benzene containing traces of piperidine, 
this substance separates out as a light yellow, crystalline mass. It 
can be purified by recrystallisation from benzene or chloroform, and 
shows a constant melting point of 178—179°, that is, 31° higher than the 
a-modification. It recrystallises unchanged from acetone or absolute 
alcohol, and may be rapidly melted without decomposition or change. 
If kept at 147°, the melting point of the a-form, for 18 minutes it melts, 
that is, the transformation required 7 minutes longer than in the case 
of the substance described above, with a nearly similar melting point. 
It gave the following results on analysis : 

Found C=77:06 ; H=5°61. 

C,,H,,0,N, requires C= 7706 ; H=5‘50 per cent. 

The B-hydrochloride, obtained as previously described, is a white, 
crystalline powder melting at 158°, and easily dissociated by water or 
alcohol, giving back the B-form melting at 178—179°. It gave the 
following result on analysis : 


Found HCl = 7°68. 
C,,H,,0,N,,HCl requires HCl = 7-72 per cent. 
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(iii) When an attempt was made to obtain the y-modification by 
means of sodium ethoxide, it was only found possible to raise the 
melting point of the a-modification from 147° to 153°, and it appeared 
impossible to change the a-form completely into a substance with 
constant melting point ; this was equally true of the B-modification. 

The following diagram illustrates the relationships between the 
substances just described : 


Piperidine m 
M. p. 178—180°, ——_—_—+» M. p. 188—199°, 
Hydrochloride, Not investigated. 
Dibenzyl ketone atl m. p. 148—149°, 
and 
m-Nitrobenzylidene- | ~. a. Bh oc B. 
aniline. , Piperidine . 
: s\sOM. p. 148—149°. —__—__—» M. p. 178—179". 
Hydrochloride, Hydrochloride, 
m. p. 187—138°. m. p. 157—158°. 


Dibenzyl Ketone and Benzylidene-m-nitraniline. 


(i) a-Dibenzyl Ketone Benzylidene-m-nitraniline.—The preparation of 
this substance was carried out in the usual manner, but a much longer 
time, between seven and ten days, at 40—50° was required before the 
a-additive product separated out. It was purified by recrystallisation 
from benzene and light petroleum, and the yield obtained was much 
larger than with any of the substances previously described. It 
crystallises in long, reddish-yellow needles melting at 134—135°, and 
may be recrystallised unchanged from boiling alcohol or acetone; it 
may also be rapidly melted without decomposition taking place. De- 
terminations of the molecular weight in benzene solution gave 459 and 
440 instead of 436, the calculated value. The hydrochloride, a white, 
crystalline mass with indefinite melting point, is very unstable and 
rapidly dissociates into hydrogen chloride and the free base. 

On analysis, the following results were obtained : 


Found C=77'15 ; H=5°82. 
O,,H,,0,N, requires C= 77°06 ; H=5-50 per cent. 


(ii) B-Dibenzyl Ketone Benzylidene-m-nitraniline.—If the a-modifica- 
tion is dissolved in excess of benzene and rather more piperidine 
added than on previous occasions, the £-form separates out slowly in 
two or three days. It is only very slightly soluble in cold benzene. 
It is a greenish-yellow, crystalline mass melting at 177—178°, or 43° 
higher than the a-modification. It remains unaltered when kept for 
one hour at 134—135°, the melting point of the a-form, and on raising 
the temperature melts sharply at 177—178°; it may also be rapidly 
melted without decomposition or change taking place. A determination . 
of the molecular weight in benzene solution gave 483 as compared with 
436, the calculated value. There is no evidence of the formation of 
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any molecular compound between the a- and f-modifications, since on 
mixing equal quantities of the two and dissolving in boiling benzene, 
the 8-form separates out on cooling, and from the filtrate, addition of 
light petroleum throws out the a-modification in a nearly pure state. 
Like all other substances of this class so far investigated, it gave no 
colour reaction with ferric chloride. 

The following results were obtained on analysis : 


Found C=77:16; H=5:80. 
C,,H,,0,N, requires C= 77:06 ; H=5-50 per cent. 


(iii) y-Dibenzyl Ketone Benzylidene-m-nitraniline.—W hen the a-modi- 
fication is allowed to stand for several days in benzene solution 
containing traces of sodium ethoxide, the substance which slowly 
crystallises out resembles in appearance, crystalline form, and solu- 
bility, the B-modification. The melting point is 182—183°, compared 
with 177—178° of the latter, and, up to the present, with the exception 
of this, no other points of difference have been found between them. 
The hydrochloride, which is as unstable as that of the B-modification, 
has too indefinite a melting point to serve as a method of distinguish- 
ing between them. The additive product gave the following results 
on analysis : 


Found C=77'51 ; H=5°81. 
C,,H,,0,N, requires C= 77:06 ; H=5-50 per cent. 


Deoxybenzoin and Benzylidene-m-nitraniline. 


Although molecular quantities of these substances were kept for 
12 days between 30° and 40°, no additive product separated, but on 
raising the temperature to 70° the mass slowly solidified. The product 
was purified by recrystallisation from large quantities of boiling benzene 
or from boiling toluene ; it was a greenish-yellow, crystalline mass 
melting at 208°. A determination of the molecular weight in benzene 
solution gave 412 instead of 422, the calculated value. The following 
results were obtained on analysis : 


Found C=77':13; H=5°51. 

C.,H,,0,N, requires C= 76°77 ; H=5-21 per cent. 

Judging from its high melting point, slight solubility, and the fact 
that it can be recrystallised unchanged from benzene containing 
piperidine, this substance appears to be analogous to the other 
isomerides of high melting point which have been previously described. 
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Summary. 


The following table gives the results which have been so far obtained. 
The difference between the reaction of the two ketones, deoxybenzoin 
and dibenzyl ketone, with benzylidene-m-nitraniline is remarkable : 


| | | Product of | 
|  Benzylidene- | | high m. p. | 
Ketone. | aniline a. obtained | 6B | » 
derivative. | | with the 
| | q@-form. | | 
| | ae a s , 1S ae = 
Dibenzyl ketone | Benzylidencaniline | 164°5° | — | 174°5° 182°5° 
|f Benzylidene-p- ) . ‘i 
i | { 7 | '174—175 1181—182 
| { m-Nitrobenzyl- )| ‘ » °, | » 
4 { ‘deneanilicn }| 147 | 179—-180°e178—-179 | — 
f Benzylidene-m- 412k he lyym ae oF 
” | L nitraniline | 134—135 ~ 178 |182—183 
& 
Deoxybenzoin | Benzylideneaniliue 154° | ~~ 164—5° |173—174° 
Benzylidene-p- --s . 
" { toluidine 14/ 191 ' ' 
Benzylidene-m- \ : | 
- | nitraniline f nil | 208 = - 


b. * 


My thanks are due to Mr. Ludlam for his determinations of the 
molecular weights given in this paper. The method employed was a 
modification of Landsberger’s, which he proposes shortly to com- 
municate to the Society. 


UNIVERSITY COLLEGE, 
BRISTOL, 


XLV.—The Bases contained in Scottish Shale Oil. 
Part I. 


By Freperic CHARLES GARRETT and JoHN ARmMsTRONG SMYTHE. 


AtTHOoUGH many workers have examined the basic substances con- 
tained in coal tar, very few have investigated those found in the crude 
oil obtained by the distillation of bituminous shale. Greville 
Williams examined the tar from Dorsetshire shale in 1855 (Q. J. Chem. 
Soc., '7, 97), and G. Carr Robinson obtained some quinoline bases 
from Scottish shale oil (Zrans. Roy. Soc. Edin., 1879, 28, 561; 1880, 
29, 265 and 273), but in 1897, George Beilby (J. Soc. Chem. Ind., 
1899, 16, 886) pointed out that practically nothing is known on this 
subject, and that in view of the fact that from seven to ten million 
VOL, LXXXI. HH 


450 GARRETT AND SMYTHE: THE BASES CONTAINED IN 


gallons of “‘ basic tar” are obtained in Scotland alone during the year, 
it is very desirable that this tar should be fully investigated. 

The “crude oil” obtained by distilling the shale undergoes a 
second distillation in large iron retorts, and the distillate is divided 
into two portions known as ‘‘green naphtha” (the more volatile 
portion) and “ green oil” (the less volatile portion) ; towards the close 
of the distillation, a red heat is attained and a considerable quantity of 
“still coke” is left in the retort. The oils are then treated with 
strong sulphuric acid (about two per cent.), which gives a thick, black 
tar, and removes almost the whole of the nitrogenous compounds 
from the oil; after washing to remove the excess of sulphuric acid, 
this tar is either burnt under the boilers or thrown away as rubbish. 
In the extraction of the pyridine bases from coal tar, the best results 
are obtained by washing the “light oil” with dilute sulphuric acid, 
and we therefore asked Mr. D. R. Steuart of Broxburn—whom we 
have to thank for the great trouble he has taken in order to supply us 
with whatever material we have needed—to have some of the “ green 
naphtha” treated in this way. Some 200 gallons of “green 
naphtha” were washed with weak sulphuric acid (one volume of acid 
in nine of water), giving about 5 gallons of a thin, brown-red, foul- 
smelling liquid of sp. gr. 1:13. This acid liquor was heated almost to 
boiling and steam blown through for 6 to 12 hours to remove small 
quantities of a dark oil having a most offensive smell ; it was then 
made strongly alkaline by solid caustic soda (200 grams per litre), 
and superheated steam blown through until all the volatile bases had 
been driven over. The distillation proceeded rapidly at first, but slowly 
afterwards, and a considerable volume of distillate was obtained ; 
from this, the basic oil was separated as completely as possible, and the 
aqueous portion distilled until about one-fourth had passed over ; this 
second distillate was then made strongly alkaline by caustic soda, the 
bases removed and added to the first portion, and the whole dried over 
caustic potash, The yield amounted to about 120 grams per litre of 
acid liquor, about 3 kilograms being obtained in all. The mixture of 
bases was then fractionally distilled, using a “rod and disc” still head 
of twenty discs, the receiver being changed as a rule every five 
degrees, and the whole quantity being worked over seven times. 

The yield was as follows : 


Be BO” ois sec cntbes 0°3 per cent. 
SR Ge © cee csicsneweone 13°4 is 
BGO B08 © a... cece cdvess 43°2 ‘e 
Above 200 ............08. 43°1 sei 


— 
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It was thought desirable to compare the bases obtained from the 
“green naphtha” with those from the “green oil,” and therefore 
20 gallons of each liquid were treated with dilute sulphuric acid (1 lb. 
of vitriol in 1 gallon of water) and worked up as already described, 
the bases, however, being fractionally distilled only twice. 

The “green naphtha ” yielded 226°3 grams of base, of which 63 per 
cent. boiled below 200°, whilst the “green oil” only gave 120 grams, 
of which 40 per cent. boiled below 200°. We are indebted to Mr. 
Arnold Merrick and Mr, W. Saunderson for their assistance in making/ 
this comparison. 

Only those portions boiling below 164° have been examined as yet, 
the plan adopted being to refractionate each fraction two or three 
times, and then to treat each with mercuric chloride, a solution of 
the bases in hydrochloric acid being added to a hot 10 per cent. solu- 
tion of mercuric chloride. It was generally found most convenient to 
use 2 mols. of mercuric chloride to one of base, as the salts obtained 
usually contain that amount of mercuric chloride, although occasion- 
ally more complex salts were found. The mercury salts were then 
recrystallised from water slightly acidified with hydrochloric acid 
until their melting points became tolerably constant and analysis 
showed them to be fairly pure. The base was next regenerated by 
removing the mercury either by caustic soda or by hydrogen sulphide, 
and if found to be impure the treatment with mercuric chloride re- 
peated. There are very great discrepancies between the boiling points 
of the bases recorded by different observers, partly because of the 
difficulty of obtaining them in the pure condition, and partly because 
of the great influence of variations in the height of the barometer ; 
we have determined all boiling points with ‘short scale’’ thermometers 
of very good quality, the column of mercury being completely immersed 
in the vapour. 

The following bases have been isolated : 


ROUTE pinthasevicesescenassveneup seetee B. p. 115—116°. 

2-Methylpyridine (a-picoline)..,...... B. p. 129°5° (763 mm.) 

2:6-Dimethylpyridine ............... B. p. 142°5° (760 mm.) 

2:4-Dimethylpyridine ............... B. p. 159—159°5°. 

2:5-Dimethylpyridine ............... B. p. 154—155°. 

2:4:6-Trimethylpyridine ............ B. p. 170°5° (763 mm.) 
Pyridine. 


Three attempts were made to isolate pyridine by Mohler’s method 
of precipitation with a strong solution of potassium ferrocyanide (Ber., 
1888, 21, 1015), but without success, as the base recovered from the 


_ precipitate showed no constant boiling point, but distilled between 
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115° and 130°. Apparently this method may be advantageously used 
for freeing pyridine from small quantities of its homologues, but not 
for separating small quantities of the base from larger amounts of 
picoline, &c. 

The base (about 10 grams) recovered from these experiments was 
therefore boiled with excess of potassium permanganate solution, and 
the liquid distilled; from the distillate, 3 grams of base boiling 
aimost entirely between 115° and 116° were recovered; it gave a 
yellow, crystalline platinichloride melting at 228—230° without de- 
composition. On analysis: 


0:2665 gave 00915 Pt. Pt=34-33. 
(C;H;N).,H,PtCl, requires Pt = 34°33 per cent. 


2-Methylpyridine (a-Picoline). 
From the lower fractions was isolated a fair quantity of a mercuric 


eompound of 2-methylpyridine crystallising in small plates melting at 
151°: ' 


0°6330 gave 0°'4390 HgS. Hg=59-79. 
05490 ,, 03800 HgS. Hg=59°67. 
C,H,N,HCI,2HgCl, requires Hg =59°61 per cent. 


This salt yielded a base which was a colourless liquid, easily soluble 
in water, with a powerful pyridine-like odour, boiling at 129°5° under 
763 mm. pressure. Its platinichloride formed orange-red crystals 
melting at 194° with decomposition, and on analysis gave 32°65 per 
cent. of platinum (calculated 32°72 per cent.). The base was oxidised 
by potassium permanganate, and after removal of manganese and 
potassium salts, treated with copper acetate, when it gave the beauti- 
ful violet-blue, crystalline copper salt characteristic of picolinie acid, 
From this copper salt, the acid was obtained ; it crystallised from a 
mixture of alcohol and ether in thin, colourless needles melting at 
134°. 

2: 4-Dimethylpyridine. 

This base was isolated from the fractions boiling between 150° and 
165° by means of its mercurichloride, and is a colourless liquid, easily 
soluble in cold, but sparingly so in hot water ; it has a characteristic 
cucumber-like odour; its sp. gr. at 14° is 0°9380 and it boils at 
159—159°5°. 

Its mercurichloride forms fine needles melting at 127°. On analysis : 


0°4870 gave 0°3305 HgS. Hg=58-49. 
06390 .,, 06662 AgCl. Cl=25-77. 
03622 ,, 03796 AgCl. Cl=25:90. 
C,H,N,HC1,2HgCl, requires Hg = 58°41 ; Cl = 25°84, 
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The picrate was obtained by direct precipitation as a yellow precipitate 
melting at 178—180°. 

With auric chloride, the base gave a yellow oil which rapidly 
crystallised and melted at 94° without decomposition. On analysis: 


0°4454 gave 0°1958 Au. Au=43°95. 

C,H,N,HCl,AuCl, requires Au = 44°13 per cent. 

The platinichloride crystallises extremely well in orange-red crystals, 
which become dim on exposure to air without losing weight ; on slow 
heating, they melt at 216°, and on rapid heating at 223° with decom- 
position, On analysis: 


0°3020 gave 0°0951 Pt and 0°4126 AgCl. Pt=31:49; Cl=33°78. 
(C,H,N),,H,PtCl, requires Pt = 31:24 ; Cl= 34:00 per cent. 

On oxidation, an acid was obtained crystallising in white, silky needles 
containing water of crystallisation and melting at 235° with decom- 
position ; with ferrous sulphate, it gives a deep red colour ; with copper 
acetate, no precipitate‘even on boiling ; with silver nitrate, a white, 
flocculent precipitate ; and with lead acetate a white precipitate soluble 
in excess, the solution depositing crystals on standing. 

When heated at 210° for two hours, the acid decomposed, giving a 
white sublimate and an infusible residue ; both the sublimate and the 
residue sublimed without melting when heated at above 200°, and 
were proved to be isonicotinic acid by this fact, and also by their 
behaviour with ferrous sulphate, silver nitrate, copper acetate, and 
lead acetate. . 

The acid is, therefore, lutidinic acid, and the base 2 : 4-dimethyl- 
pyridine, 

2 : 5-Dimethylpyridine. 

This base (which had not previously been described) was isolated 
from the fractions boiling at 150—165° by means of its mercuri- 
chloride ;,this salt forms small, heavy crystals melting at 163°, and 
contains 6 mols. of mercuric chloride. On analysis ; 

05260 gave 0°4120 HgS and 0°5472 AgCl. Hg=67°51 ; Cl=25°70. 

05515 ,, 04315 HgS ,, 05746 AgCl. Hg=67-42 ; Cl=25-22. 

09688 ,, 1°0140 AgCl. Cl=25°86, 

C,H,N,HCI,6HgCl, requires Hg= 67:43 ; Cl= 25-86 per cent. 

The base is a colourless liquid boiling at 154—155° and gives a 


picrate melting at 151—152°. 
The aurichloride melts at 156—157° without decomposition. On 


analysis : 
01681 gave 0°0738 Au. Au=43-90. 
C,H,N,HCl,AuCl, requires Au = 44°13 per cent. 
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The platinichloride is of an orange-red colour and crystallises well, 
but very diverse melting points were observed with the same samples 
on different days, the lowest being 195° and the highest 216°; the 
anhydrous salt melts at 238° with decomposition. On analysis: 


0°8671 hydrated salt lost 0:0472 H,O at 105°. H,O=5-44, 
(C,H,N),,H,PtCl,,2H,O requires H,O = 5°46 per cent. 
03169 anhydrous salt gave 0°0970 Pt. Pt=30°62. 
0°2291 - 0:2290 CO, and 09654 H,O. C=27:14; H=3:17. 
0:2502 - 02457 CO, ,, 0°0740 H,O. C=26°79 ; H=3°36. 
(C,H,N),,H,PtCl, requires C = 26°93; H=3°21; Pt=31:24 per cent. 


On oxidation, an acid melting at 237—238°, with effervescence was 
obtained. With ferrous sulphate, it gave a fine yellow colour; with 
copper acetate, a bright blue precipitate on boiling; with silver 
nitrate, a white, gelatinous precipitate, and with lead acetate, a white 
precipitate insoluble in excess. On treatment with methyl alcohol and 
hydrochloric acid, it formed an ester crystallising in white needles 
melting at 160°. 

When heated for 2 hours at 210°, it decomposed, and the residue 
sublimed completely ; that this residue was nicotinic acid was proved 
by its melting at 229° and by its behaviour with copper acetate, 
ferrous sulphate, and silver nitrate. 

The acid is therefore isocinchomeronic acid, and the base 2 : 5-di- 
methylpyridine. 

Since the above was completed, Errera (Ber., 1901, 34, 3699) has 
obtained this base synthetically, but in too small quantity for purifi- 
cation, and his description in no way agrees with ours, possibly 
because his compound had not been thoroughly purified. 


2 : 6-Dimethylpyridine. 


From the fraction boiling between 140° and 145°, a considerable 
quantity of the trimercuric salt of this base was obtained in colourless 
plates melting at 160—161°. On analysis: 

0°6725 gave 0°4900 HgS. Hg=62°80. 

05395 ,, 03935 HgS. Hg=62°86. 

C,H,N,HCI,3HgCl, requires Hg = 62°77. 

A second mercurichloride of this base was obtained from several of 
the fractions of low boiling point, and forms small, lustrous scales 
resembling cadmium iodide ; it melts at 186°, On analysis: 

05034 gave 0'2817 HgS. Hg=48-32. 

O,H,N,HClLHgCl, requires Hg = 48-30 per cent. 


The base itself was found to be a colourless liquid, fairly easily 
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soluble in water, having a characteristic odour resembling that of both 
pyridine and peppermint, and boiled at 142°5° under 760 mm. pressure. 

The platinichloride crystallised well and melted at 210° with decom- 
position. On analysis : 


0°422 gave 0°3175 Pt. Pt=31-22. 
(C,H,N),,H,PtCl, requires Pt = 31°24 per cent. 


The base was oxidised by potassium permanganate, and gave a good 
yield of dipicolinic acid (Ladenburg, Ber., 1885, 18, 53, and Epstein, 
Annalen, 1885, 231, 1). After filtering off the precipitated oxide of 
manganese, the solution was reduced to a small bulk, acidified slightly 
with dilute sulphuric acid, and left to stand for some hours, when a 
crystalline precipitate (apparently a mixture of the free acid and an 
acid potassium salt) was obtained. This was warmed up with absolute 
alcohol and a little hydrochloric acid, and some potassium chloride 
filtered off ; from the filtrate the acid separated in rosettes of needles 
melting at 232°, and these, on recrystallising from alcohol, formed 
very small prisms melting at 226° (darkening at 225°), whilst from 
water they gave long, hair-like crystals also darkening at 225° and 
melting at 226°. Further recrystallisation produced no change in the 
melting point, and on no occasion were we able to confirm Epstein’s 
observation of 236° as the melting point of this acid. 


2:4:6-Zrimethylpyridine (s-Collidine). 


From several fractions between 150° and 180°, considerable quantities 
of a mercuric compound were obtained which separated in large, fern- 
like or saw-like crystals built up apparently of many small plates, and 
melted at 154°. The mean of four determinations gave 57°16 per cent. 
of mercury (maximum 57‘3, minimum 56°97 per cent.), the percentage 
calculated for C,H,,N,HC1,2HgCl, being 57°22. 

From 200 grams of this salt, 25 grams of base were recovered 
and again worked up with mercuric chloride ; the salt formed after 
being fractionally crystallised yielded 93 grams of crystals melting 
sharply at 154° and yielding 13 grams of the base : 


0°483 gave 0°3215 HgS. Hg=57-38 per cent. 


The base was a colourless liquid with a not unpleasant odour ; its 
8p. gr. at 20° was 0°917, and it boiled at 170°5° under 763 mm. or at 
169°5—170° under 746 mm. pressure. Its platinichloride was easily 
obtained in well defined, orange-red crystals melting at 223—224° with 
decomposition. 

On oxidation, an acid crystallising in feathery needles, darkening at 
225° and melting at 228°, was obtained; and this yielded, with abso- 
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lute alcohol, an ester melting at 127°5°. It is therefore trimesitic 
acid, and the base must be the 2 : 4 : 6-trimethylpyridine. 


The authors have pleasure in stating that this work has been carried 
out by the aid of a grant from the Research Fund Committee of the 
Chemical Society. 


THE DURHAM COLLEGE OF SCIENCE, 
NEWCASTLE-ON-TYNE. 


XLVI.—The Transport Number of very Dilute Solutions. 


By B. D. Sreexz, B.Sc., and R. B. Denison, B.Sc. (1851 Exhibition 
Scholars). 


In discussing the constitution of certain salt solutions, it was recently 
shown by one of us (Steele, Phil. Trans., 1902, 198, A, 105) that if the 
change in transport number which undoubtedly occurs with change 
in concentration for salts such as magnesium chloride, is assigned to a 
variation of the specific velocity of the chlorine and magnesium ions 
into which the salt is assumed to be ionised; and that if w and v re- 
present the specific velocities of cation and anion at a given concen- 
tration n, and if u,,and v,, represent the values of the velocities of the 
same ions at the concentration »,, a similar relation to the following 
holds for a large number of salts. 

In the case of calcium chloride, between n=0°01 and n=5:0 the 
anion transport number p varies between 0°58 and 0°74. In the dilute 
solution,u = ss = 0°723v, and in the stronger solution u, = ath 
= 0°350v,, and hence = m 2-06 —, or, assuming the velocity of the 
anion to remain ccnatiai that of ‘the cation has diminished by more 
than one-half. 

It was also shown that, if the coefficient of ionisation is given even 


approximately by the relation x = ., where p is the molecular con- 


Poo 
ductivity at the given concentration and p,, that at infinite dilution, 


then we get the astonishing result that, as the concentration of the 
calcium chloride increases, the velocity of the Ca ion is steadily 
diminished, whilst that of the Cl ion is correspondingly increased. 

A far more satisfactory explanation of the change in question is that 
first suggested by Hittorf, who assumed the existence of complex ions 


THE TRANSPORT NUMBER OF VERY DILUTE SOLUTIONS. 457 


insucnsalt solutions ; asolutionof magnesium chloride of which the anion 
transport number is found to increase with increasing concentration 
would, according to this conception, consist of a certain proportion of 
simple chlorine and magnesium ions, and in addition to these a certain 
number of complex anions; and since the proportion of the latter 
increases with concentration, the transport number would, as in the 
case of cadmium chloride, be greater than unity, provided sufficiently 
concentrated solutions could be investigated (Hittorf, Pogg. Annalen, 
1859, 106, 546). 

For a solution containing complex anions of one species only in 
addition to the simple ions, if w, v, and v’ are the specific velocities of 
the cation, anion, and complex anion respectively, and if ¢ is the ionic 
concentration of the cation, c’ that of the complex anion, then e-¢c 
is the concentration of the simple anion, and the expression for the 
anion transport number is 


(c—cw+cv  —s ev + e'(v'—v) 
cut+(c—e'utcv clutv)+c(v'—v) 


(1) 


In determining p experimentally by Hittorf’s method, the quantity 
represented by the denominator is correctly measured by means of a 
silver voltameter ; the numerator, on the other hand, is determined as a 
concentration change brought about by the migration of the ions, and 
hence the degree of complexity of the complex anion has to be taken into 
consideration. If m is the number of monad anions into which the 
complex would ionise if completely dissociated, then the increase in con- 
centration at the anode is proportional to (c — c’)v + e’mv’, and the above 
becomes 


P= 


cute(my’—v) — v+ta(mv' -v) 
cw+v)+e(v-v) utvta(v'—v)- 


+ ~ (2), 


, 


c ‘ . ° 

where a=-—, or the ratio of complex to total anions. If this expres- 
c 

sion is put into the form 


v+a(v' —v)+av'(m-—1) 
vt+a(v -v)+u 


? 


it is seen at once that in order that p should be >1, it is only 
necessary that av'(m—1) should be greater than wu, a relation which 
is fulfilled if either a or m is large. For the majority of salts, neither 
of these factors attains a sufficient magnitude ; but for zine chloride 
and cadmium chloride, p is greater than 1 for very concentrated solu- 
tions, and the presence of complex anions in solutions of these salts 
is universally recognised. 

Equation 2 shows at once that no constant value for p can be 
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obtained in solutions of a salt which forms complex “ions, since a 

would vary with the concentration; for such salts, it is only at 

dilutions at which a disappears that the eqvation takes the form 
v 

given by Hittorf, p= spe 

Since the value for the specific ionic velocity, which is given by the 
relation v=py.. and u=(1—p)u.., depends on the correctness of 
Hittorf’s equation, it is obvious that, in the case of ions which show a 
tendency towards the formation of complexes, a constant value for 
w or v can only be obtained when p is determined for solutions of 
such dilution that no complexes exist; for more concentrated solutions, 
Pho =vt+« and (l—p)u, =u—-ax, if the change is an increase of p 
with concentration, and vice versd. 

If, however, p can be measured in sufficiently dilute solutions of 
several salts containing a common ion, then the value for the 
specific ionic velocity of the latter should be the same, whatever 
the salt from the measurements of which it is calculated. The problem 
is, in fact, the determination of the transport number at marche ad 
dilutions until it is found to remain constant. 

For the calculation of w and v, it is therefore necessary that we 
should know both the molecular conductivity at infinite dilution 
and the “constant” transport number. The former of these is 
obviously not capable of direct experimental determination; but 
from measurements at very great dilutions, which have been carried 
out by Kohlrausch and others, it can be correctly obtained by ex- 
trapolation. 

The transport number, on the other hand, if we leave out of 
consideration salts of the type of potassium chloride and nitrate, 
for which it is practically constant at all concentrations, has not 
yet been systematically determined at what may be called “ constant” 
dilutions. To the large class of salts, for which, at ordinary con- 
centrations, considerable variations in p are found to take place, 
belong all salts of dyad and triad ions, and for only a few of these 
has the “constant ” range of concentration been reached. This is due 
to the fact that the determination of p for very dilute solutions is, for 
several reasons, a matter of the greatest difficulty. 

In all Hittorfian transport number determinations, it is necessary 
that a certain portion of the solution between the electrodes should 
remain unchanged in concentration. In the earliest of these deter- 
minations, in order that this might be the case, an experiment could 
only be carried on for a very limited time, as otherwise, by the migra- 
tion of the H and OH ions developed at the electrodes, concentration 
changes took place through the whole column of liquid. This difficulty 
has been overcome in various ways, the method employed by Hittorf 
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being the use of a cadmium anode to prevent the formation of H ions ; 
and to prevent the development of OH ions, the cathode was sur- 
rounded with a concentrated acid solution. 

Hopfgartner (Zeit. physikal. Chem., 1898, 25, 115) employed a zine 
anode, and at the cathode a concentrated solution of zinc chloride over 
a mercury cathode. 

A further source of error is that due to mixing by diffusion, on 
account of the large concentration changes that take place during 
electrolysis in the neighbourhood of the electrodes. This has been 
eliminated quite recently by Noyes (Zeit. physikal. Chem., 1901, 36, 63), 
who adds to the cathode and anode solutions respectively in a W-shaped 
apparatus, solutions of the acid and alkali of which the original 
salt was composed, and of such a strength that the concentration 
of the salt at the electrodes remains unaltered. By this means, 
extremely accurate results were obtained by Noyes, but unfortunately 
the method cannot conveniently be applied to extremely dilute 
solutions. 

The only measurements of such solutions which have been made, 
until quite recently, are those of Bein (Zeit. physikal. Chem., 1898, 
27,1). In all his experiments, however, the amount of matter which 
was transported did not exceed 9—30 milligrams of chlorine, this 
being determined as the difference between two very much larger 
quantities of material. Accurate measurements of dilute solutions 
have recently been made by Jahn’s pupils (Zeit. physikal. Chem., 1901, 
37, 674); the method employed was one in which the development of 
H and OH ions was prevented by the use of a cadmium anode and a 
mercury cathode covered by a concentrated solution of copper salt. 
A very high voltage was employed, and, in the analytical work, the 
limit of possible accuracy was approached ; in some of the experiments, 
a very large concentration change at the electrodes took place, appar- 
ently without affecting the concentration of the intermediate portion. 
The method is, however, not applicable for solutions more dilute than 
about V/150. 

Jahn criticises the employment of any method which results in the 
development of gas bubbles at the electrodes, remarking that this 
gives rise to quite uncontrollable currents, which cause the whole 
solution to become mixed. Noyes, on the other hand, obtained 
perfectly concordant results by the use of a properly shaped apparatus, 
and blank experiments have been carried out by the authors, which 
will be described immediately, and which show that in an apparatus 
of the shape of that used by Noyes, absolutely no disturbance of 
the intermediate portion takes place by the gas development at the 
electrodes even after 48 hours. 

It is worth pointing out that the only salt the transport number 
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of which has been determined by both Noyes and Jahn is barium ’ 
chloride, and for this salt the following valtes were found for p. 
V/50 p=55°69, 55°81, and 55°84. Mean=55-78 (Noyes). 
NV/60 p=54°2, 54-4, and 543. Mean=54°3 (Jahn). 


These two values differ by about 3 per cent., or about ten times as 
much as the extreme error in either series. From the fact that by 
Noyes’ method no concentration changes occur during an experiment, 
his figures should, perhaps, be of the greater value. 

The object of the experiments that have been undertaken was two- 
fold ; firstly, to develop a general method by means of which it 
would be possible to determine the transport number at dilutions 
comparable with those at which accurate conductivity measurements 
are made ; and secondly, to test the question as to whether, from 
the results so obtained, constant values for the migration constant 
of such an ion as Cat* would be found. The salts of calcium were 
selected for the experiments, because good measurements of their 
conductivities have been made at dilutions down to n=0°0001. 

The concentration of the solutions that have been measured varies 
between 2 = 0-00529 and n = 0:0025. 

It is probably not practicable to work at dilutions greater than 
the latter on account of the conductivity of ordinarily purified dis- 
tilled water and the practical impossibility of rigorously purifying 
such large quantities as are required for the experiments. 

In solutions containing so small an amount of salt as those under 
consideration, it is obvious that, in order to get any considerable 
quantity of salt carried by the current, it is necessary, either to 
electrolyse a very large volume of solution, or, using smaller volumes, 
to carry the experiment for so long a time that a very large change in 
concentration is brought about. If the usual method is employed, the 
former of these alternatives requires the use of an apparatus of 
unmanageable size, whilst the latter is attended with the danger of 
loss of the experiment on account of the backward diffusion and con- 
sequent change in concentration of the middle portion. 

The apparatus, shown in Fig. 1 (p. 461), admitsof the possibility of elec- 
trolysing an unlimited volume of liquid in a vessel of reasonable size. 

The electrolysing vessel consists of two U-tubes, A and C, of about 
40 cm. diameter, one limb of each being bent away at right angles, 
and the two sealed together at B; two narrow glass tubes are sealed 
in at Z and Z’, and two wider ones at D and D’, the total length from 
D to EZ being about 25cm. D and D’ are connected by means of 
rubber tubing to the T-piece, /, which in its turn is joined to the large 
stoppered funnel @ ; the small tubes, H and Z’, are each connected with 
pieces of long, narrow bore glass tubing which can be brought out 
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over the edge of the thermostat, these are closed either by stopcocks 
* or by rubber tubes and pinchcocks. 


The U-tubes, A and C, are 


each supplied with an electrode vessel which is shown in Fig. 2 (p. 462). 
This consists of the cup c, about 4 cm, in height and 2-0 cm. in diameter, 
which is attached to the bent up piece of the broad capillary tube a, 
the end of which passes through and projects for about 2 cm. into the 
cup c; theother end of the tube a, after passing through the cork, g, 


is sealed to the bulb 
b, and is provided 
with a stopcock h ; 
through the cork g, 
passes also the short 
tube with stopcock 
d,and the glass tube 
j, to which is at- 
tached the platinum 
electrode, e, which 
surrounds the pro- 
jecting piece of tub- 
ing. The cork g is 
hermetically sealed 
with sealing wax 
into the open end of 
the tube A (Fig. 1). 

To prevent the 
formation of H and 
OH ions at the 
anode and cathode 
respectively, solu- 
tions of alkali and 
acid are added. 
Working with such 
dilute solutions, it 
was not found con- 
venient to add solu- 
tions of sufficient 
dilution to counter- 


> 


Fia. 1. 


E 


balance the concentration changes, as was done by Noyes, on account 
of the very large volumes of such solutions that would be required ; 
small quantities of half normal solutions were therefore used in 
stead. The experiment is carried out in the following manner. 
The apparatus is first placed in position in a large water-bath, 
and the two tubes attached to H and £’ are brought out over the - 


edge. All the stopcocks are then closed. @ is next filled with 
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the solution to be electrolysed, and this is allowed to run into 
the apparatus, more solution being added to G as required. When the 
last bubbles of air in ¥ have been got rid of (by suction if necessary), 
the stopcocks, d, are cautiously opened, and the liquid allowed to 
rise in the outer limbs of A and C to a point about 2 or 3 cm. above 
the electrode vessel, c. The stopcocks, d, are then closed. The 
solutions of acid and alkali are next added. If the solution of both 
electrodes is tobe subsequently analysed, it is necessary to know exactly 
the quantity of each solution which is added ; 

Fic. 2. in all the experiments tabulated, the cathode 
solution only was analysed, and therefore the 

b acid only was weighed. This was done by means 

of a glass weighing pipette of about 30 cc, 

capacity, which was weighed before and after 

each experiment. After weighing the pipette, 

about 1 c.c. of the acid is transferred to the bulb 

b ; all the stopcocks but d being closed, the acid 

is allowed to run in slowly by carefully opening 
F the stopcock 4; the acid runs in through the 
tube a, and since its density is very much greater 
than that of the solution, falls over and around 
the electrode e and lies at the bottom of the cup c. 
A similar quantity of alkali is added in the same 
¢ manner to the anode. In order to judge when 
i the reagent becomes exhausted, small quantities 
of an indicator are added simultaneously. In 

the majority of cases, methyl-orange was the 
indicator employed. From time to time during 

the experiment, fresh quantities of acid and alkali 

are added in the same manner when they are 

¢ shown to be required by the reaction of the in- 

' dicator. The electrodes are connected with the 
terminals of the battery, a silver voltameter whose 

platinum cathode had an area of about | sq. cm. 

being placed in circuit, and the experiment is 

started by inserting the cathode. Under ordinary 
circumstances, an experiment arranged in this manner could not 
be allowed to run more than 60 to 80 minutes with a voltage of 
60 volts without concentration changes reaching the portion B; 
but in that time very small quantities of salt will have been trans- 
ported. About every twenty minutes the portion of solution con- 
tained in the inner limb of the U-tube is removed as follows. To 
remove the portion from A, all the stopcocks being closed, H is first 
opened, and then very carefully the stopcock attached to Z# ; the solu- 
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tion then flows in the direction of the arrows marked (1), and is collected 
in a suitable vessel and weighed ; on now closing / and opening LF’ the 
current flows in the directions indicated by the arrows (2), and the 
solution from C is thus removed. Unless it is desired to analyse this 
portion also it is not collected, but is allowed to run off. 

The duration of experiments varied according to the voltage used 
from 7 to 36°hours ; in the later ones, with a voltage of 170 to 180, 
7 to 8 hours was usually sufficient, but with the earlier ones, using 
70 volts only, the experiment was allowed to run overnight with 
a low voltage, to prevent danger of mixing in B. To test the question 
as to whether mixing occurs due to gas development at the electrodes, 
the apparatus was arranged as described, a small quantity of phenol- 
phthalein being added to the whole volume of solution. No liquid was 
removed, but the circuit was closed for short periods every half-hour 
or 60, so as to start the convection currents in the outer limbs of the 
apparatus. After a lapse of 48 hours, no trace of alkali could be 
detected as having found its way into the portion B of the apparatus. 
A similar experiment with litmus failed to detect either acid or alkali 
at B. 

After the three salts of calcium had been measured, the method as 
above described was slightly modified, with the result that subsequent 
experiments with potassium choride gave much more closely agreeing 
figures. This is probably due partly to the fact that the modification 
eliminates certain very small sources of error, and partly also to the 
fact that chlorine is capable of far more accurate determination as 
silver chloride than calcium as calcium sulphate. The modification 
consists in the attachment of long capillary tubes to ¥ and JL’, so that, 
instead of periodically removing the solution, it is allowed to flow 
through the apparatus in a steady but very slow stream during the 
whole course of the experiment. At the conclusion of an experiment, 
all the stopcocks are closed, and the current is disconnected by 
removing the cathode from the silver voltameter; the cathode is 
immediately washed in distilled water and dried with alcohol. The 
T-piece, F, is then disconnected from the tubes, D and D’, and the 
solution from B, and to a depth of about 4 em. in A, is removed 
through D by means of a large pipette; this portion is weighed for 
analysis, as the middle portion. On opening now the stopcock attached 
to H’, the solution from C is run out. The apparatus is then lifted from 
the water-bath, and the remaining solution from the cathode limb, A, is 
removed through Z, and finally the whole of this limb, the bulb, 6, 
and the cup, c, rinsed out several times with small quantities of the 
original solution, all the rinsings being added to the cathode solution 
for analysis. If it is required to analyse the solution from the anode, 
the limb, C’, must of course be treated in the same manner. 
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For analysis, the solutions were in all cases evaporated to a small 
bulk ; this was done as each portion of liquid was removed from the 
apparatus. 

The calcium salts were in all cases estimated as sulphate ; in the 
case of the chloride and nitrate, the solution was evaporated over a 
water-bath in a large porcelain evaporating basin, the evaporation 
being continued until the solution to be analysed, which varied 
between 2 and 3 litres, was reduced to about 100 e.c. ; it was then 
transferred to an accurately weighed platinum basin of about 250 c.c, 
capacity, a very slight excess of sulphuric acid was added, and the 
solution evaporated to dryness on the water-bath, the basin being 
finally ignited at a dull red heat. 

In the earlier experiments,the basin was covered during ignition 
with a piece of ashless filter paper, which was afterwards burnt, and 
the ash weighed separately, but as in no case was a weighable 
quantity of ash so obtained, the basin, in subsequent experiments, 
was simply covered during ignition with a clean clock-glass. 

The analysis of the calcium sulphate solution could not be carried 
out in the same manner on account of the separation of the calcium 
sulphate, and the impossibility of transferring this without loss from 
the porcelain to the platinum basin. It was therefore necessary to 
evaporate in a vessel which could be afterwards weighed. 

The evaporation of 3 litres of solution in a basin of 250 c.c. capacity 
was an operation too slow to be attempted; a large platinum basin 
holding about half a litre, and weighing 300 grams, was therefore 
employed, and the solution after weighing was transferred directly to 
this, and the solid calcium sulphate weighed in it. The difficulty of 
performing analytical operations of great accuracy under these 
conditions probably accounts for the greater variations found for the 
transport number of calcium in calcium sulphate. 

In the experiments with potassium chloride, the chlorine was 
estimated as silver chloride, the solution being, as before, evaporated to 
a comparatively small bulk, usually about 150 c.c.* 

The precipitate was collected in a Gooch crucible and weighed, after 
thorough washing and drying, at a temperature of 180°. An attempt 
was made to estimate the potassium chloride by direct evaporation 
and weighing the residue, but this led in all cases to results far too 
low, pointing either to volatilisation of the salt in steam from con- 
centrated solutions, or, what seems more probable, to loss from 


* If it is desired, as in transport number determinations, to estimate the chlorine 
to the nearest tenth of a milligram, this concentration is necessary ; for, since 
the solubility of silver chloride in water at 18° amounts to 1°5 mg., corresponding 
to 0°4 mg. chlorine per litre, the estimation in very large volumes of dilute solu- 
" tions is attended with a constant error of considerable magnitude. 
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spirting, even when no higher temperature than that of a water-bath 
is employed. 

The calculation of the results will be best rendered clear by the 
following example, that of calcium nitrate, In this experiment, these 
were passed through the cathode limb of the apparatus, weighed, and 
evaporated, 2702-94 grams of solution, including 26°20 grams of nitric 
acid, added to the electrode during electrolysis, Deducting the latter, 
the weight of solution analysed was 2676°74 grams, which before the 
experiment would yield 0°8932 gram of calcium sulphate. On 
analysis afterwards, it was actually found to yield 1°0205 grams of 
calcium sulphate. 

The difference, 0°1273 gram, gives the actual amount of calcium, 
calculated as sulphate, which had been brought to the cathode by the 
current. During the experiment, 0°4517 gram of silver had been 
deposited on the cathode of the voltameter ; if 108 is the atomic weight 
of silver, and 68 the equivalent weight of calcium sulphate, the ex- 
0°1273 x 108 
68 x 0°4517 
the calcium ion in CaSO,. In making the calculation for more con- 
centrated solutions, a further correction is required for the volume 
changes brought about by the movement of the ions during electro- 
lysis; but at the dilutions dealt with in the present paper this 
correction is quite negligible. 

In the table are given the values found for the transport numbers, 
and also the data from which these are calculated ; in the first column 
are given under JV the concentration of the solutions in gram equiva- 
lents per litre; the second column gives the weight of the solution 
analysed, these are the actual weights of solution removed from the 
cathode less the weight of acid added during the experiment. The 
next two columns give the salt contents of this quantity of liquid, 
under “ original” being tabulated the contents calculated from analyses 
made on the original solution, and under “ final” the actual weight of 
salt found to be present after electrolysis. The difference between 
these is given in the next column as salt transported. In the case of 
the calcium salts, all the figures refer to calcium sulphate found on 
analysis, reduction to weight of calcium nitrate and chloride for these 
salts being unnecessary. In the case of potassium chloride, all the 
figures refer to the weight of silver as calculated from the silver 
chloride weighed. In the seventh, eighth, and ninth columns are 
tabulated the results of the analyses of the middle portion for the 
various experiments ; three of these were unfortunately lost. 

A comparison of the results given above with those obtained by 
previous investigators cannot be made for calcium sulphate and nitrate. 
For calcium chloride, values for the transport numbers have been found 
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pression =1-p gives at once the transport number of 
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by Hittorf, Bein, and others, which are gathered together and tabu- 
lated by Kohlrausch as follows : 


V= 10 5 2 1 02 0°05 0:02 0-01 
l-p= 021 0:263 030 0314 034 039 0-41 0-42 
which approach with diminishing concentration the value found by us 

for V=0:004. 

Our value for potassium chloride is in agreement with all the best 
determinations, and is confirmatory of Kohlrausch’s fundamental 
assumption as to the constancy of the transport number for this class 
of salt with increasing dilution. 


The Specifie Ionic Velocities. 


From the figures given above, it is possible to calculate, by the aid 
of the conductivity, the migration constants of the ions Ca, K, 480,, 
Cl, and NO, ; the results so obtained are grouped together in the fol- 
lowing table: 


Salt. fen e 1-p. Ion. Ue v. 

CRD, ..000200- 122°0 0°441 3Ca 53°8 
480, 68°2 

Ca(NO,), ...++. 1155 0450 4 $Ca 52:0 
NO, 63°5 

it Serre 118°7 0°438 Ca 52°0 
Cl 66°7 

Le ee 131°5 0°495 K 65°1 
Cl 66°4 


To which may be added, for purposes of comparison and discussion, 
Noyes’ figures for K,SO, : 
BBO, 200.0000 1355 0496 K 67°2 
480, 68°3 


Of the above, the figures for K and Cl from KCl merely confirm the 
accepted values. It is further seen at once, by a comparison of the 
figures for Ol from calcium and potassium chlorides, that, at the dilu- 
tions at which p has been determined for these salts, calcium chloride 
dissociates in such a manner as to form chlorine ions having the same 
velocity as those formed by the dissociation of potassium chloride ; 
the dissociation at these dilutions is therefore normal. Looking next 
at the velocity of the calcium ion, this is seen to be identical for solu- 
tions of the nitrate and chloride ; very dilute solutions of these salts 
seem therefore strictly to obey the law of the independent wander- 
ing of the ions and to be comparable with potassium chloride in 
more concentrated solutions. If, however, these two salts are 


heh nnhigedania sa Ee 


OSF-0 


TPP-.0 


8hP-0 
8bP-0 
ggv-0 


0&F-0 
8hP-0 
8FP-0 
625-0 
994-0 
gey-0 


> 
> 
H 
A 
° 
: 
«| 
° 
n 
A 
e 
=) 
<) 
— 
i 
b> 
oa 
=) 
- 
aa 
° 
oS 
| 
a 
ra 
3) 
A 
eo 
ex) 
o) 
aa 
22) 
z 
<q 
& 
: 


"uBO Wy 


‘requinu 
qiodsuely 
moryep 


SLZ1-0 
0801-0 
68PL-0 


‘agpujwu wnr9j9) 


L¥60-0 
1980-0 
OZTT-0 
OSFT.0 
T¥80-0 
6820-0 


*poqzodsueiy 
PS 


#¥L0-0 1F20-0 60-22% LIGF.0 
890.0 1190-0 | L183 2698-0 
6820-0 LL0-0 | I8-F8z $z09-0 
| 
=("ON)*0 
Z1L0-0 9140-0 G0. 18% ZOGS-0 
$990.0 190.0 61-861 Z818-0 
9990-0 830-0 82-80% 0268-0 
— - = 8629-0 
¢840-0 2840-0 9-952 9362-0 
_ = _ $982.0 
*ogeo ‘amydyns wn 
"[eary "[euLsUO 
‘uorynjos | , 
ienieling : Jo 443104 a 
*S}194 100 4[ BG peqtsodep 
ed 7 IOATIS 


‘uorysod e[ppr 


G00. 2868-0 
888-0 8982-0 
1990.1 8126-0 
198-0 9291-0 
9662-0 S&TL-0 
6989-0 6819-0 
6906-0 6892-0 
919-0 8289-0 
6918-0 LL81-0 
‘eULA ‘[eULsIO 

*8} 0409 4[Vg 


bL.919% 
91.9996 
63-6613 


09.8992 
€&- 199% 
v9. F661 
69-9096 
GL. 99T 
L9- L0&Z 


“uoT}n[OS 
Jo 74310 


‘epoyyeo Woy MOTIN[OY 


T6600.0 
SE00-0 
8500.0 


$9400-0 
2500-0 
2400-0 
8hF00-0 
£¥00-0 
£¥00-0 


pereneperatic riser 


2) 
A 
°o 
_ 
oH 
=) 
| 
2) 
77) 
=) 
& 
=) 
J 
— 
A 
al 
==) 
i) 
> 
ba 
° 
io“) 
tl 
2] 
=) 
=) 
A 
> 
io} 
fo) 
a 
7) 
v4 
“ 
io“) 
a) 
ba 
tr 
20 
Tor 
+ 


“Uva 


“1oquind 
qiodsuet} 
UOT}BO, 


29090-0 Z1090-0 
16180-0 €1280.0 
8040-0 16920.0 
€9890.0 81890-0 
08890-0 92890-0 
08060-0 68060-0 
SZ8¥0-0 8950-0 
€9950-0 G09%0-0 


0990-0 
T¥90-0 
g€80-0 


‘euly *[BUISUO 


‘S}ULOYMO0D [VG 


‘uorjsod oT ppIW 


0-902 6008-0 THIST-0 
b-F1G &Lvv-0 00922-0 
a 6398-0 8E8ZI-0 
&-bLT LL8&-0 6TOLT-0 
€L-8ZT Gres-0 bLLOT-0 
09-02T 0863-0 6E6FT-0 
16-881 6109-0 TPESZ-0 
9-821 T9TS.0 TLO9T-0 
T9-89T G2FZ-0 T9FST-0 


IO” ‘apr007yo WNS8D}0-7 


16-836 GbEF-0 L6TL-0 
19-532 9TEF-0 6061-0 
vG- T&S GOFF-0 L61T-0 


SIO BD ‘eprvopyo wnr979- 


“UpTyNOs ons ‘poysodsuvsy 
JO WYSIO MA — sti 
poysodep 

TOATIS 


TZ002-0 Z9TS8-0 
91486-0 SLOTS. T 
LLVL9.0 STE98.0 
G9880-T F8806-T 
68786-.0 €9ZST-T 
608T8-0 8h196-0 
68900-T 08092. T 
pSgsT-0 GZ9F9-0 
6980L-0 0ZEE8-0 


6602-0 
€819-0 
TLZ8.0 


‘Bul *[BUISIIO 
“879909 4[eg 


‘epoyyeo WoIy UOTIN[OS 


| J 


| 


| 


g. 916% 
0-F9TS 
9-6333 
5-181 
6-L9TE 
6-868 
§- 1¥9z 
0-3682 
0-F808 


68-0293 
bb- 0183 
vG-6123 


“UoOrpNOS 
0 94510 M4 


2200-0 
9800-0 
9800-0 
T¥00-0 
¥§00-0 
4800-0 
9400.0 
9200-0 
9600-0 


61700-0 
1Z700-0 
62900-0 


PERKIN AND ALLISON: RHAMNAZIN AND RHAMNETIN. 469 


considered in less dilute solutions, entirely different values are 
obtained for u and v; thus, for WV/50 calcium chloride, 1—p=0°41, 
and accordingly, w= 487 and v= 700. 

The complex present in this solution is therefore one which 
diminishes the apparent cation velocity and increases the apparent 
anion velocity, since, by the dissociation of the complex, the latter 
cannot presumably be diminished below the value it has in salts such 
as potassium and sodium chloride. The dissociation of the complexes 
in calcium chloride, and also in the nitrate, appears to be’complete. 

The value for u, calculated from calcium sulphate, however, is 
found to be 3°46 per cent. higher than in either of the other salts. 
This behaviour would appear to be in some way connected with the 
presence of the sulphate ion, for the value for K, calculated from the 
potassium sulphate figures, is also higher than that calculated from 
the chloride or the nitrate, and, as a coincidence, it may be noted that 
the percentage increase is about the same ; further, the value of wv for 
80,, obtained from the potassium and the calcium salts, is practically 
identical. 

It is conceivable that this may be due to a very small amount of 
hydrolysis occurring in very dilute solutions of sulphates, which at 
very great dilutions becomes of sufficient magnitude to give too 
high values for the molecular conductivity, and thus increase both 
uandv. It is certainly difficult to see how otherwise such enhanced 
values can be obtained. 


It is our pleasant duty to express our thanks and indebtedness 
to Professor Abegg for his kindness and assistance to us during the 
course of our work. 

PuHyYsIco-CHEMICAL SECTION, 


CHEMICAL INSTITUTE, 
UNIVERSITY OF BRESLAU. 


XLVIL—Rhamnazin and Rhamnetin. 


By ArtHur GeorcE Perkin, F.R.S.E., and Jonn RayMonD ALLISON, 
B.Sc. 


ALTHOUGH rhamnetin has been shown to be a monomethyl ether of 
quercetin (Herzig, Monatsh., 1888, 9, 548), the locality of the methoxyl 
group has hitherto not been definitely ascertained, and either the (3) 
or the 7-position might equally well be assigned to it. Similarly, in 
rhamnazin (Trans., 1897, '71, 818), a quercetin dimethyl ether 
although the position of one methoxyl group is known, that of the 
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second, as in the case of rhamnetin, is uncertain. Thus if rhamnetin 
or rhamnazin be decomposed by digestion with boiling alcoholic 
potash or by the aspiration of air through its alkaline solution, 
protocatechuic acid and vanillic acid respectively are produced 
besides a syrupy phloroglucinol derivative; the yield of the latter, 
however, is small, and being readily soluble it is difficult to identify ; 
moreover, preparation of the raw material, especially rhamnazin, is 
extremely laborious. For the phenols in question, three constitutions 
were possible, namely, that of phloroglucinol monomethyl ether, or 
those of the hydroxyfisetol monomethy] ethers, 


OMe(” Now oH/ Nou 
\ jco-cHyOH and \ Jco-cH,OMe ; 
as OH 


H 
these two being suggested by Herzig’s (Monatsh., 1891, 12, 187) de- 
composition of fisetin tetramethyl ether into fisetol and veratric 
acid. 

The study of the azobenzene derivatives of phloroglucinol (Trans., 
1897, '71, 189, 1154) and other compounds derived from it, has shown 
that such substances are sparingly soluble and readily crystallised, 
and it appeared likely that the phenols from rhamnetin and rhamnazin 
might be identified by these means. 

Rhamnazin was decomposed by digestion for several days with boil- 
ing alcoholic potash, but this is more rapidly accomplished (in about 
two hours) by the aspiration of air through its solution in dilute 
aqueous potassium hydroxide. The phenolic product of the reaction 
which is the same in both cases, was isolated in the usual manner, and 
its solution in dilute sodium carbonate treated with diazobenzene 
sulphate until a precipitate no longer formed ; this, which is orange- 
red, was collected, well washed, transferred to a dish, and dried on the 
water-bath. Extraction with alcohol removed a resinous compound, 
and the residue, after being crystallised two or three times from a 
mixture of alcohol and acetic acid, gave an average yield of about ten 
per cent. of the rhamnazin employed : 


0°0919 gave 0°2208 CO, and 0:0377 H,O. C=65°51; H=4°54. 
00844 ,, 11°7 cc. nitrogen at 16° and 754mm. N=16-02. 
(C,H;N,).C,H,0,°OCH, requires C = 65°51; H = 4°59; N= 16-09 per cent. 


It formed glistening orange-red needles sparingly soluble in alcohol 
and melting at 250—252°. 

Rhamnétin was decomposed by the same methods, and the phenolic 
product converted into its disazobenzene derivative. This melted at 
250—252°, and was identical with that obtained from rhamnazin : 
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0'1136 gave 02715 CO, and 0°0475 H,O. C=65:17; H=4-64. 
01157 ,, 15°6 cc. nitrogen at 14° and 746 mm. N=15°57. 
01788 ,, 01234 Agl. OCH,=4-40. ; 
C,,H,,0,N,"OCH, requires 0 = 65° Bl ; H=459; N=16:09; OCH,= 
4°31 per cont. 


This compound is therefore disazobenzene phloroglucinol monomethyl 
ether, and the phenol obtained both from rhamnazin and from rham- 
netin is phloroglucinol monomethyl ether. The relationship of these 
colouring matters may, therefore, be indicated by the formule, 


OMe 


0 
OMe’ \” \q— J” Now OMe we pm 
" es 


On % 


Rhamnazin. Rhamnetin. 


and the suggestion (/oc. cit.) that rhamnazin was rhamnetin mono- 
methyl ether is thus shown to be correct. 

The shades given by these colouring matters upon mordanted wool 
are as follows : 

Chromium. Aluminium. Tin. Tron. 
Rhamnetin Red-brown. Brown-orange. Bright orange. Olive-black. 
Rhamnazin...... Golden-yellow. Orange-yellow. | Lemon-yellow. Olive-brown. 

These results show that the dyeing properties of rhamnetin are 
identical with those of quercetin, and are interesting in that they 
prove that in quercetin the hydroxyl (7)* has no effect on its dyeing 
properties. On the other hand, the replacement of the hydroxyl (3’) 
by methoxy] with production of rhamnazin (compare also isorhamnetin, 
quercetin monomethyl ether [OMe=3'] Trans., 1898, '73, 267) has a 
most marked effect on the dyeing properties ; this was to be expected, 
as the compound does not then possess o-hydroxyl groups. A third 
quercetin monomethy! ether has been shown to exist in minute quantity 
in the Zamaris Africana (Trans., 1898,'73, 380), and an attempt is now 
being made to obtain sufficient substance for the location of its 
methoxy-group in the above manner. 

Quercetin Tetramethyl and Tetraethyl Ethers.—These compounds, as 
Herzig has shown (Monatsh., 1888, 9, 552), when decomposed with alco- 
holic potash, give respectively protocatechuic acid dimethyl and | 
diethyl ether, and also phenolic compounds which are derivatives of 
phloroglucinol ; to determine the constitution of the latter, their azo- 
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benzene compounds were examined, with the result that the one derived 
from quercetin tetramethyl ether was found to be disazobenzene phloro- 
glucinol monomethyl ether, m. p. 250—252° 

The phenol from the tetraethyl ether gave a disazobenzene compound 
crystallising in orange-red needles melting at 212—214°: 


0°0828 gave 0:2015 CO, and 0°0365 H,O. C=66:36; H=4°89. 
00771 ,, 105 c.c. nitrogen at 18° and 751mm. N=15°53., 
(C,H,N,),C,;H(OH),"OC,H, requires C=66:24; H=4:94; N=15-47 


per cent. 


It was evidently disazobenzene phloroglucinol monoethyl ether. 

Kampherol Monomethyl Ether.—A trace of this substance, recently 
described by Testoni (Gazzetta, 1900, 30, ii, 327) as a constituent of 
Galanga root (Alpinia officinarum), was available for examination. When 
decomposed by the aspiration of air through its alkaline solution, it 
yielded benzoic acid, (m. p. 121°), anda phenolic compound which gave 
the phloroglucinol reaction. In the presence of sodium carbonate, this 
gave an azobenzene compound, identified as trisazobenzene phloro- 
glucinol, and consequently there was no methoxy-group in this portion 
of the molecule. Adopting the constitution for kampherol suggested 
by Kostanecki, it is evident that the above methyl ether must be re- 
presented as follows: 


O _ 
on YX > 
ye 
OH CO 


This method of analysis has already been employed with the decom- 
position products of the ethers of luteolin (Trans., 1900, 77, 1314), 
myricetin (Trans., 1902, 81, 203),.and genistein (Trans., 1900, ‘77, 
1310), with the result that. in all cases the ethers of phloroglucinol 
were isolated. There is no reason to doubt that the corresponding 
derivatives of chrysin and apigenin would by similar methods give a 
like result, and it appeared unnecessary to undertake their preparation 
for this purpose. 


The authors are indebted to the Research Fund Committee of the 
Chemical Society for a grant which has been in part employed to cover 
the expense of this research. 

CLOTHWORKERS RESEARCH LABORATORY, 


DyrINGc DEPARTMENT, 
YORKSHIRE COLLEGE. 
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XLVIII.—Robinin, Violaquercetin, Myrticolorin, and 


Osyritrin. 


By Artnur Grorce Perkin, F.R.S.E. 
Robinin. 


In a previous communication (Trans., 1900, '7'7, 430), it was shown 
that the leaves of Robinia Pseudacacia contain acacetin, a monomethyl 
ether of apigenin, an interesting point in view of the discovery by 
Zwenger and Dronke (Annalen Suppl., 1861, 1, 263) that the flowers of 
the same plant contain a quercetin glucoside, robinin. As these 
flowers, however, are practically devoid of dyeing properties, it seemed 
doubtful whether a quercetin compound was present, and reference to 
the work of these chemists made it probable this suspicion was well 
founded. At the time of Zwenger and Dronke’s investigation, the 
obstinacy with which these colouring matters retain water of crystal- 
lisation was not fully appreciated, and results accurate in themselves 
frequently received a wrong interpretation. The analyses of their 
“quercetin ’”’ were made with material dried at 100°, a temperature at 
which it is rarely rendered anhydrous ; again, it was unlikely that 
picric acid would result from the action of nitric acid on quercetin. 

Some difficulty was at first experienced in procuring raw material 
for this investigation, but ultimately this was overcome by the kind- 
ness of Dr. J. van Rijn, of Maasstricht, who was good enough to 
superintend the gathering and drying of some quantity of the flowers. 

For isolating robinin, Zwenger and Dronke digested the flowers with 
boiling water, subsequently evaporating the extract and treating the 
residue with alcohol. The following method is more rapid, and is suit- 
able for dealing with small quantities of raw material. 

The flowers were digested with ten times their weight of boiling 
alcohol for 4 hours, the mixture strained through calico, and the 
residue well pressed and again treated in a similar manner. The pale 
green extract, which deposited a wax on cooling, was concentrated by 
evaporation, poured into water, and the mixture extracted with ether, 
the alcohol contained in the aqueous liquid being removed by distilla- 
tion ; on standing overnight, this solution deposited crystals which 
were collected and washed with a mixture of alcohol and chloroform 
until the washings were colourless. The residue was then purified by 
two or three crystallisations from water with the aid of animal char- 
coal. One hundred and ninety grams of the flowers gave 1°76 grams, 
or 0°82 per cent., of robinin in the crude condition, this being reduced 
approximately one-half on purification. 

As thus obtained, it consisted of extremely pale yellow needles sinter- 
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ing at 190° and melting at 196--197° (Z. and D. 195°), and had the 
general properties mentioned by these authors. When dried at 100°: 


0°1103 gave 0°2123 CO, and 00550 H,O. C=52-49; H=5:54. 
C,,H,.0.) requires C = 52°24; H=5:54 per cent. 


Zwenger and Dronke assign to robinin at 100° the formula C,,H,,0,, 
(C=51:19; H=5-11), and with this their analytical figures closely 
agree. This discrepancy suggested that our preparation might contain 
a trace of free colouring matter which would raise the percentage com- 
position. An alcoholic solution of a second preparation was therefore 
poured into ether (in which the colouring matter is soluble, but not 
the glucoside) and the precipitated product collected, again crystallised 
from water, and dried at 100°: 


0°1131 gave 0°2165 CO, and 0:0575 H,O. C=52:20; H=5-64. 


The glucoside was thus evidently homogeneous. 

Determinations of the water of crystallisation contained in the 
glucoside dried at the ordinary temperature, employing two distinct 
preparations, gave the following results: 


1:5790, at 100°, lost 0:2450 H,O. H,O=15°51. 


16079, ,, », 0°2505 HO. H,O=15°58, 
C,,H4,0.9,8H,O requires H,O= 1597 per cent. 
Cy3H4,09,74H,0 ,  H,O=1511 ,, 


Air-dried robinin thus crystallises with 8H,O. These results are 
not in agreement with those of Zwenger and Dronke, who found 14°53 
per cent. of water, agreeing with the amount required for the formula 
C,;H,,0,,.54H,O, or according to the above, C,,H,,0.,7H,0. This 
discrepancy is curious, although the lower figures these authors give 
for robinin dried at 100° suggest the possibility that their product still 
contained some water of crystallisation. 

Decomposition with Acid.—The dried glucoside was boiled with dilute 
sulphuric acid * for at least 2 hours, and after standing overnight, the 
liberated colouring matter was collected, washed, and dried at 100°: 


0°6110, at 100°, gave 0°2330 colouring matter. Found, 38°13. 
09804, _ ,, » 0°3746 ” » 8819. 
12265, _ —ri#«,, », 0°4650 ” » 37°92. 


Zwenger and Dronke, on the other hand, found that air-dried 
robinin gave 37°96 per cent. of “ quercetin” dried at 100°, an amount 
considerably in excess of that given above. Thus, air-dried robinin, 
CygH4.0o9,8H,O, should give 33-70 per cent, of the colouring matter 
C,;H,,0,,H,O, or but 31°70 per cent. of the anhydrous substance. In 
their paper, they state that robinin is “extremely easily” decom- 


* 750 c.c. of 1 per cent, solution for each gram of glucoside. 


t 
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posed by boiling dilute sulphuric or hydrochloric acids, but with 
acid of 1 per cent, strength this was not found to be the case, for with 
a short digestion, 39°54 per cent. of “colouring matter ” was obtained, 
a fact suggesting that it was contaminated with unaltered glucoside. 

The Colouring Matter.— For analysis, the product was recrystallised 
from dilute alcohol and dried at 160° : 


0°1122 gave 0°2589 CO, and 0°0355 H,O. C=62:93; H=3°51. 
C,H, 0, requires C = 62:93 ; H =3°49 per cent. 


Zwenger and Dronke found that this colouring matter, dried at 
100°, gave C=59°31, H=4°49, numbers in close agreement with those 
required for the formula C,,H,,0,,H,O (C =59°2, H= 3°94). 

Prepared as above, it crystallised in slender, yellow needles melting 
at 276—278°, readily soluble in boiling alcohol, and soluble in alkaline 
solutions with a pale yellow colour. For additional proof that it was 
not quercetin, comparative dyeing trials were carried out employing 
woollen cloth mordanted with chromium, aluminium, tin, and iron. 


Chromium. Aluminium. Tin. Iron. 
QuneOR: sis citi Wiiiie Red-brown. Brown-oranges Bright Olive-black. 
yellow. orange. 
Robinin colouring matter Brown-yellow. Full golden- Lemon-yellow. Deep olive- 
yellow. brown. 


With mineral acids in the presence of acetic acid, it yielded crystal- 
line compounds, and to confirm its molecular weight the sulphuric acid 
derivative was analysed. 


0°1556 gave 0°2657 CO, and 0°0457 H,O. C=4657; H=3-26. 
C,;H,,0,,H,SO, requires C = 46°87 ; H =3-12 per cent. 


Alcoholic potassium acetate yielded a monopotassium salt, but 
owing to lack of material this was not fully investigated. The acetyl 
derivative, prepared in the usual manner, crystallised from methyl 
alcohol in colourless needles : 


0:1093 gave 0:2438 CO, and 0:0400 H,O. C=60°83; H=4:06, 
C,,H,O,(C,H,O), requires C = 60°79 ; H = 3-96 per cent. 


When fused with alkali, the colouring matter gave p-hydroxybenzoiz 
acid (m. p. 208—210°) and phloroglucinol. 

These facts, together with a comparative dyeing trial, conclusively 
proved that the colouring matter derived from robinin is identical with 
that isolated from the flowers of the Delphinwm Consolida (Proc., 1900, 
16, 182), This similarity was corroborated by the peculiar behaviour 
of their acetyl derivatives when heated ; thus, while some preparations 
melted at 180—182°, others became liquid at about 116°, resolidified 
as the temperature rose, and finally melted at 180—182°. The colour- 
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ing matter is in reality kampherol, first obtained by Gordin (Diss. 
Berne) by the decomposition of its monomethyl ether kampheride, which 
is contained in galanga root (Alpinia officinarum). This, as Kostan- 
ecki suggests (Ber., 1901, 34, 3723), has in all probability the con- 
stitution 


O 
f,. és 
ee 


\4A\ J0:08 
OH CO 


and may be considered as the connecting link between apigenin and 
quercetin. Kampherol, and noé quercetin, is the colouring matter pro- 
duced when robinin is hydrolysed with acid. 

The Sugars.—The acid filtrates formed by the decomposition of 
robinin were neutralised with barium carbonate, filtered, and 
evaporated to a small bulk. The product yielded an osazone which 
after three crystallisations from dilute alcohol was obtained as a 
spongy mass of yellow needles sintering at 165° and melting at 
178—180°. As a further treatment in this manner did not yield a 
homogeneous substance, it was dissolved in alcohol, the solution 
poured into ether, and well washed with water. Onslow evaporation, 
a small quantity of crystalline matter separated, and this was collected, 
washed with ether, and recrystallised from alcohol. It melted at 
204—205° and resembled glucosazone. 

The filtrate which contained the main bulk of the osazone, on 
spontaneous evaporation, deposited crystals which were extracted with 
benzene, washed with traces of ether, and recrystallised from dilute 
alcohol. In the preliminary notice (Proc., 1901, 17, 87), it was 
considered probable that this substance was galactosazone, but fer- 
mentation experiments kindly carried out for me by Dr. Turnbull, 
of the Leather Industries Department, did not corroborate this view. 
Employing the sugar solution, as obtained in the above manner from 
robinin, a slight fermentation did indeed occur, but the main bulk 
was unattacked and gave an osazone meeting at 180—182°. This 
was found to be identical with rhamnosazone prepared from pure 
rhamnose, thus harmonising with the results of Zwenger and Dronke. 
Whether the trace of the glucose derivative simultaneously isolated is 
an ingredient of robinin itself or is derived from a second glucoside of 
kampherol also present in minute quantity must, although it appears un- 
likely, remain a matter for conjecture. Very large quantities of raw 
material would be required to decide this point. According to these 
views, the formula of robinin is consequently either C,,H,,0,. or 
Cz3H,,0o9, and its decomposition by acid may be represented as 
follows : 
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C,H 4,09 + 4H,0 = C,H, ,0, + 3C,H, ,0,. 
C,,H,,0) + 4H,0 = C,H, ,0, + 2C,H, 40, + C,H,,0,. 


It is thus a most interesting glucoside, as it appears to be the first 
known substance of this class to contain three sugar nuclei. The 
above equations require respectively a yield of 37°63 and 37°73 per 
cent. of kampherol, whereas that actually obtained was 38°13, 
38°19, and 37°92 per cent. 

Dyeing experiments carried out in the usual manner with woollen 
cloth showed that robinin is almost devoid of tinctorial properties ; this 
was to be expected from the preliminary examination of the flowers. 


The Identity of Osyritrin, Violaquercitrin and Myrticolorin. 


In a previous communication (Trans., 1897, '71, 1132), it was shown 
that the leaves of the Colpoon compressum contain a quercetin glucoside, 
osyritrin, to which, dried at 130°, the formula C,,H,,0,, was assigned. 
At that time, the raw material available yielded little more than 
1 gram of the pure substance, but subsequently, through the kindness 
of Mr. R. H. Coaton, of Wellington, Cape of Good Hope, a larger 
supply was obtained, and it became possible to investigate it more fully. 

Water of Crystallisation.—For determining the loss of weight which 
the air-dried glucoside undergoes, it was exposed for about three 
weeks over sulphuric acid in a desiccator. As the product on exposure 
to the atmosphere rapidly assumed its original weight, the analysis 
was performed indirectly in this manner. 


1:3345, dried as above, gained 00770 H,O. Found 5°76. 
C,,H;,0,,,2H,O requires H,O = 5°44 per cent. 


At 130°, employing an oil-bath jacketed with amyl alcohol (b. p. 
130—1319°), it suffered a further loss of 0:0200 H,O, or 1°49 per cent. 
($H,O requires 1°43) and finally, at 160° (oil-bath jacketed with tur- 
pentine), 0°0220 gram H,O was evolved, or 1°67 per cent. ({H,O0 = 1°47). 
Osyritrin, therefore, crystallises from water with 3 mols. of water of 
crystallisation. 

Anhydrous osyritrin is remarkably hygroscopic, thus, on exposure 
for 1 hour in the air of the room, it completely regains its water of 
crystallisation. On analysis: 


0°1170 gave 0:2275 CO, and 0:0537 H,O. C=53:03; H=5-09. 
C,,H,,0,, requires C = 53°28 ; H = 4°60 per cent. 
Decomposed with dilute sulphuric acid: 


0°8400 gave 0°4137 C,,H,,0,. Found 49°25. 
C,,H,,0,, requires O,,H,,O, = 49°67 per cent. 
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The osazone of the sugar melted at 204—205°, as previously found, 
and was evidently glucosazone. 

Osyritrin dried at 160° has thus the formula C,,H,,0,,, and at 130° 
(CyH,,0,4)o,H,O, and not C,,H,,0,, as formerly suggested. Its hydro- 
lysis with acid is analogous to that of rutin, which in a similar manner 
gives quercetin and rhamnose (Schunck, Trans., 1888, 53, 264) : 


C.,H.,0;, + 3H,O = C,;H,,0, + 2C,H,,0,. 
Corsa rc + 3H,O = C,,H,,0, + 2C,H,,0,. 
utin. 


Violaquercitrin. 


Mandelin (Jahresber., 1883, 1369) isolated this glucoside from the 
flowers of the Viola tricolor variensis, and assigned to it the formula 
C,,H,,0,,. It has been previously pointed out that this is more 
correctly C,,H,,0,,, as the true molecular weight of quercetin was not 
known at that time. 

For its preparation from the flowers, a method identical with that 
employed for the preparation of osyritrin (Joc. cit.) gave an excellent 
result : 


0°1071, dried at 130°, gave 0°2036 CO, and 0°0510 H,O. C=51°84 ; 
H=5:29 per cent. 

0°1144, dried at 160°, gave 02230 CO, and0°0535 H,O. C=53'16 ; 
H=5'19 per cent. ‘ 


As Mandelin employed water for the isolation of his substance, it 
seems possible that the result he obtained was due to the contamination 
of his product with a trace of quercetin. 

Water of Crystallisation.—When dried over sulphuric acid, 0°9702 
gained, on exposure to the atmosphere, 0°0580 H,O. Found H,O= 
5°64 ; 2H,O requires 5°44 per cent. 


1-0280, at 130°, lost 0°070 H,O. H,O=6°80. 
2‘5H,O requires H,O = 6°79 per cent. 

1°0280, at 160°, lost 0°085 H,O. H,O=8°26. 
3H,O requires H,O = 8°16 per cent. 


Violaquercitrin thus crystallises with 3H,O. 

When dried at 160° and decomposed with acid, it gave 49°35 per 
cent. of quercetin, which is in accordance with the following equa- 
tion (49°67 per cent.) : 


Cy,H.,0;, + 3H,0 = C,;H,,0, + 20,H,,0,. 


The osazone of the sugar melted at 204—205° and was evidently 
glucosazone. Violaquercitrin melts at 186° when slowly and at 190° 
when rapidly heated, and is undoubtedly identical with osyritrin. 
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Myrticolorin, 


This quercetin glucoside was isolated by H. G. Smith (Trans., 1898, 
73, 697) from the leaves of the Zucalyptus macrorhyncha, who 
assigned to it the formula C,,H,,0,,, and represented its decomposition 
with acid by the equation 


C.,H,,0,, + 3H,O = ©,,;H,,0, + 20,H,,0,. 


Smith at first considered the sugar thus produced (loc. cit.) to be 
galactose, but more recently, in a private communication, he informs 
me that this is not the case, as he has obtained from it glucosazone, 
(m. p. 204—205°). It is worthy of note that he (Joc. cit.) calls atten- 
tion in his paper to the remarkable similarity of myrticolorin to 
osyritrin. 

The raw material employed was some commercial myrticolorin, for 
which I am indebted to the kindness of Mr. Smith, After purifica- 
tion, a sample dried at 160° gave C=53-03 and H=5-09 per cent,, 
and on decomposition with acid 49°25 per cent. of quercetin : 


Dried over sulphuric acid, on exposure to air it gained H,O = 5-76 percent, 
‘ and heated at 130° it lost H to 1°49 per cent, 
Dried oe 130° and heated at 160° it lost H,O=1°67 per cent, 


Mpyrticolorin, therefore, crystallises from water with 3H,0, and this 
may be fractionally removed by methods identical with those employed 
in the case of osyritrin. As the melting points, general reactions, and 
dyeing properties also agree, there can be no doubt that the substances are 
identical, moreover, it was previously shown (Trans., 1899, '75, 433) that 
osyritrin, violaquercitrin, and myrticolorin give, by means of potassium 
acetute, monopotassium derivatives (found K=6°21). There is no 
doubt, therefore, that these also must be regarded as one of the same 
compound, represented by the formula C,;H,,0,, (K=6-03 per 
cent. ). 

Certain glucosides, as ruberythric acid and the purpurin glucoside 
contained in madder are decomposed during the dyeing operation by 
means of the mordant, which combines with the alizarin or purpurin 
thus liberated. Such, however, I find is not the case with the known 
glucosides of the quercetin group, which are dyestuffs of themselves, 
and give shades differing considerably in most cases from those yielded 
by the colouring matters from which they are derived.* A simple 
experiment with persian berries clearly illustrates this point, This 
dye contains glucosides of rhamnetin, rhamnazin, and quercetin, and 


* Nietzki (‘‘ Chemistry of Organic Dye-stuffs,” 1892, 255) considers it probable 
that in dyeing the quercitrin splits up, and that the shades obtained are due to 
the formation of quercetin lakes, 
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there is also present a ferment which at about 40° in the presence of 
water hydrolyses these compounds; if, therefore, the dye-bath be 
raised slowly to the boiling point, this change occurs, and the resulting 
shade is due to the free colouring matters and not to the glucosides. On 
the other hand, if the berries be plunged into boiling water, the activity 
of the ferment is at once destroyed, and the tinctorial property of this 
extract is now due to the glucosides as the shade indicates. This 
difference is very similar to that shown between quercetin and its 
glucosides, which gave the following results with woollen cloth mor- 
danted in the usual manner : 


Chromium. Aluminium. Tin. Iron. 
Quercitrin... Full brown-yellow. Full golden-yellow. Lemon-yellow. Deep olive. 
Quercetin ... Red-brown. Brown-orange, in- Bright orange. Olive-black. 
clining to red. 
Osyritrin ... Brown-yellow. Full golden-yellow. Lemon-yellow. Dull brown. 
Ratin......... Brown-yellow. Full golden-yellow. Lemon-yellow. Dull brown. 


It is interesting to observe that rutin and osyritrin have identical 
tinctorial properties, which points to the fact that the two sugar nuclei 
of each (in the one case rhamnose and the other dextrose) are similarly 
attached to the quercetin residue. As regards their actual disposition, 
satisfactory proof is at present wanting, but it is highly probable that 
one at least is attached to the catechol group, as the dyeing properties 
suggest the absence of o-hydroxyl groups. Their behaviour with 
potassium acetate is an indication that they contain intact the hydr- 
oxyl of the pyrone ring, for it is found that galangin, by this method, 
forms a monopotassium salt. The properties as a whole would harmonise 
closely with those of a compound containing both sugar nuclei attached 
to the catechol group, but further evidence is needed before this conclu- 
sion can be adopted. 

CLOTHWORKERS’ RESEARCH LABORATORY, 


DyzInc DEPARTMENT, 
YORKSHIRE COLLEGE. 


XLIX.—The Influence of Salts and other Substances on 
the Vapour Pressure of Aqueous Ammonia Solution. 


By Epear Puinip PEerman. 


Tue author recently published a series of measurements of the vapour 
pressure of aqueous ammonia solution showing the effect of alteration 
of concentration for certain selected temperatures (Trans., 1901, '79, 
718). These results may, of course, be looked at in another way, 
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namely, as expressing the solubility of ammonia under varying pres- 
sure, and it may be well to compare them with the results of other 
investigators in this line of research. 

Roscoe and Dittmar (Annalen, 1859, 112, 349) determined the 
solubility at 0° at pressures varying from 18 mm. to 1963 mm. 
The pressures given are “partial pressures’? obtained by subtract- 
ing the vapour pressure of water at the temperature of the experiment 
from the total pressure. It may be pointed out that this method 
of calculating partial pressure is quite inadmissible, for the ammonia 
solution may be regarded as a mixture of two liquids, and the total 
vapour pressure would be equal to the sum of the vapour pressures of 
the liquids taken separately only if they were completely immiscible. 
(The author is already engaged in determining the partial pressures 
of the ammonia and the water in an aqueous ammonia solution.) On 
adding the vapour pressure of water to the pressures recorded, the 
few results available for comparison agree well with those given by 
the author in his previous paper. 

Sims (Annalen, 1861, 118, 345) found the solubility of ammonia in 
water at 0°, 20°, 40°, and 100°. The results are somewhat scanty, but 
free use was made of graphic interpolation. The pressures given are 
“partial,” as in the previously named paper ; when corrected to total 
pressure, the numbers are much lower than those obtained by me. 

Watts (Annalen Suppl., 1865, 3, 227) made experiments at 0° and 
20° with a mixture of ammonia and air; when corrected to total 
pressures, as before, the results fall almost exactly on the curves repre- 
senting the results of my experiments. 

Raoult (Ann. Chim. Phys., 1874, [v], 1, 262) made some single Geter. 
minations at temperatures from 0° to 28° at a “partial pressure” 
of 760 mm. They cannot well be compared with those under con- 
sideration. 

Konowaloff (J. Russ. Phys. Chem. Soc., 1894, 26, 48), as the result 
of experiments of which the numbers are not given, states that aqueous 
solutions of ammonia do not follow Dalton’s law at the ordinary temper- 
ature, but with rise of temperature the disagreement becomes less, 
until at 100° the numbers are in accord with this law. This result 
was obtained approximately also by Sims. Konowaloff (idid., 1899, 31, 
910) has also found the partial pressures of some solutions at 60° by 
the dynamical method, but the solutions used were so weak that the 
results are not comparable with mine. 

The outcome of this comparison, so far as it can be carried out, is a 
confirmation of the accuracy of the numbers given in the previous 
paper, except in the case of the results obtained by Sims, which are 
probably erroneous. 

Much work has also been done on the vapour pressure of ammonia 
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and salt solutions. Raoult (Joc. cit.) investigated the solubility of 
ammonia in solutions of potassium hydroxide, sodium hydroxide, 
ammonium chloride, ammonium nitrate, sodium nitrate, and calcium 
nitrate respectively, and his results, briefly summarised, are : : 

(1) Potassium and sodium hydroxides greatly lessen the solubility ; 
equivalent quantities have the same effect, and the effect of each is 
proportional to the amount present in a given volume, 

(2) Ammonium chloride also decreases the solubility proportionally 
to the amount present. 

(3) Ammonium and sodium nitrates have practically no effect on 
the solubility. 

(4) Calcium nitrate increases the solubility in proportion to the 
amount present, but the effect of alteration of pressure on the solution 
is nearly the same as on an ammonia solution. 

(5) Experiments on the heat of solution of ammonia in solutions of 
these substances appeared to show that they were approximately the 
same as the heat of solution in water. 

Konowaloff (J. Russ. Phys. Chem. Soc., 1899, 31, 910) found by the 
dynamical method the effect of the presence of a number of salts on 
the partial pressure of the ammonia. The decrease in the pressure of 
the ammonia can be expressed by the formula 

H = H, (x - km) where 

H, = pressure of the ammonia in pure aqueous solution of less than 
14 normal strength. 

H=pressure of the ammonia in solution containing the salt. 


m=number of gram-molecules of ammonia per litre, 
m= ‘ io salt per litre. 


For silver nitrate k= 2, and for cadmium nitrate, zinc nitrate, nickel 
chloride, copper nitrate, copper chloride, copper sulphate, and copper 
acetate, the value of k approaches H. This is taken to indicate the 
presence of complexes like AgNO,,2NH, ; CuS0O,,4NH, in solution. 

Gaus (Zeit. anorg. Chem., 1900, 25, 236), by a very interesting 
modification of the dynamical method, has determined the influence of a 
number of salts on the partial pressure of the ammonia, the results 
agreeing with those already mentioned. Ammonium nitrate and 
barium chloride produce hardly any effect. Copper sulphate causes a 
large depression which is proportional to the amount of salt present. 
Quite recently this work has been largely extended by Abegg and 
Riesenfeld (Zeit. physikal. Chem., 1902, 40, 84). 

A consideration of the work of these investigators as well as that of 
Dawson and McCrae (Trans., 1900, 7'7, 1239), seems to indicate clearly 
the existence of metal ammonia complexes in solution, notwithstanding 
the opinion of Raoult concerning calcium nitrate, but the effect of salts 
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which would not be expected to have any chemical action has not yet 
been explained. 

The experiments about to be described were directed towards the 
elucidation of (1) the effect of substances having no direct chemical 
action on the ammonia, (2) the effect of change of temperature on the 
copper sulphate ammonia solution, (3) the existence, or otherwise, of 
hydrates in solution. 

The method was very nearly the same as that described in a previous 
paper (Joc. cit., p. 725) except that the vapour jacket was replaced by 
a water-bath with a toluene gas regulator; the temperature did not 
usually vary more than 0°01° during an experiment. The height of 
the mercury column, as well as that of the ammonia solution above it, 
was read by means of a mirror scale placed in front of the bath at an 
angle so that the reflection of the mercury could be easily read. With 
this arrangement, parallax can be easily avoided by making the scale 
line nearest the reading coincide with its reflection, 


Influence of Substances having no direct Chemical Action on Ammonia, 


Substances having no direct action on ammonia are hard to find; 
those employed as likely to have no action were urea, mannitol, potass- 
ium sulphate, and ammonium chloride. A preliminary experiment 
was made to discover whether urea undergoes any decomposition when 
heated with ammonia solution; 20 grams of urea were heated in a 
sealed tube with an aqueous ammonia solution of about four times 
normal strength at 40° for 6 hours. Before heating, 10 c.c. of the 
solution required (1) 41°98 c.c., (2) 42°07 c.c., and after heating (1) 
41°90 c.c., (2) 41°90 ¢.c. of normal sulphuric acid solution for neutralis- 
ation, 

To determine the vapour pressures, a solution was made containing 
a weighed quantity of urea (or other substance) and the ammonia then 
estimated by titration ; after the vapour pressures had been measured, 
the ammonia was again estimated, and in every case the amount 
agreed well with the previous result. After the solution had been 
transferred to the vessel for measuring the pressures, the air was 
driven out of it by repeatedly lowering the pressure (by lowering the 
open tube containing mercury) and then driving out the liberated air 
by raising the mercury quickly and opening the stopcock at the top 
for a moment. 

The pressures for a corresponding ammonia solution have been found 
by reading off the values for the particular strength on the curves 
given in the previous paper. These give values of pressure for 0°, 
20°, 34°4°, 46°4°, and 61°3°. From these, a curve was constructed 
which may be called an isosthen or line of equal strength, and from it 
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the pressures for the temperatures employed were read off. The 
strength of the corresponding ammonia solution has been calculated in 
two ways (I) as a solution containing the same proportion of ammonia 
to water, (II) as a solution containing the same mass of ammonia in 
unit volume of the solution. Both are given where possible in the 
following tables. 

Urea Solution IL—NH,, 16°36 ; CO(NH,),, 10°43 ; H,O, 73°21 per cent. 
Density, 0°9591 at 22°. Stréngth of corresponding NH, solution, (I) 
18°26, (II) 16°73 per cent. : 


| Aqueous NH; solution. 


Temperature. Pressure in mm. 
| Pressure I in mm. | Pressure II in mm. 
24°58° 255°4 | 258 221 
29°39 312°0 | 318 276 
35°20 403°0 405 354 
40°38 496°8 500 438 
45°59 611°4 611 532 
54°43 856°1 | 854 738 
59°07 1014°4 | 1008 880 
| 


Urea Solution II.—NH,, 17:22; CO(NH,),, 5:29; H,O, 77°49 per 
cent. Density, 0°9425 at 21°. Strength of corresponding NH, solu- 
tion (I) 18°18, (II) 17°38 per cent. : 


Aqueous NH; solution. 
Temperature. Pressure in mm. 
Pressure I in mm. | Pressure II in mm. 

25°05° 260°4 263 240 
29°58 316°6 322 294 
34°96 400°3 402 373 
39°68 485°1 485 452 
45°90 621°8 618 569 
50°07 726°2 722 659 
54°45 856°9 854 775 
58°00 973°7 | 976 886 


When the vapour pressure of the urea-ammonia solution is compared 
with that of an aqueous ammonia solution having the same ratio of 
ammonia to water, the agreement is remarkable, but when it is 
compared with that of a solution containing the same amount of 
ammonia in a given volume, the apparent effect of the urea is to 
decrease the solubility of the ammonia. This may be due simply to 
the increase in volume of the solution on addition of the urea, 
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Mannitol Solution.—NH,, 12°27 ; mannitol, 4°56; H,O, 83°17 per 
cent. Density, 0°9636 at 15°. Corresponding NH, solution, (I) 12°86, 
(II) 12°43 per cent. : 


| NH, solution. 
Temperature. Pressure in mm. 
Pressure I in mm. | Pressure II in mm, 
29°92° 148-8 | 150 141 
29°77 197°7 205 196 
36°78 271°2 275 262 
42°74 348°8 355 332 
50°61 479°1 484 453 
57°79 629°6 636 595 


When the vapour pressure of the mannitol-ammonia solution is 
compared with that of an aqueous ammonia solution, a small but 
regular decrease is shown, due, possibly, to the formation of a com- 
pound of mannitol and ammonia. Mannitol is known to form stable 
compounds with the alkaline earths. 

Potassium Sulphate Solution.—NH,, 7°49; K,SO,, 3°05 ; H,O, 89°46 
per cent. Density, 0°9826 at 35°. NH,, 7°73 per cent. of NH, and 
H,O: 


Tem perature. Pressure in mm. PINE, solution a 
40°42° 2035 192 
46°70 265°2 | 250 
51°14 320°0 302 
58°51 427°5 | 407 


It was difficult to make a suitable solution owing to the slight 
solubility of the potassium sulphate, and with the solution employed 
the measurements could not be begun below 40°. The large increase 
in pressure may be due to a displacement of ammonia molecules by salt 
molecules, or possibly to the formation of hydrates producing a concen- 
tration of the solution. Potassium and sodium chlorides were found by 
Gaus to increase the pressure largely, and the hydroxides still more. 
The increase in pressure must be ascribed to the change in the nature of 
the solvent, and the relation between the two changes reserved for 
further investigation. 

Ammonium Chloride Solution IL.—NH,, 16°85; NH,Cl, 5:27; H,O, 
77°88 per cent. Density, 09472 at 14°. Corresponding NH, solution, 
(I) 17-79, (II) 17-07 per cent. : 
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NH; solution. 
Temperature. Pressure in mm. 
Pressure I in mm. | Pressure II in mm. 
19°01° (182°1) 183 169 
26°04 251°1 263 245 
82°93 343°0 | 355 333 
89°24 449°3 457 430 
49°26 667 °2 | 675 622 
57°83 913°2 | 933 860 


Ammonium Chloride Solution IT.—NH,, 12°90 ; NH,Cl, 10°26 ; H,0, 
76°84 per cent. Density, 0°9724 at 16°. Corresponding NH, solution, 
(I) 14:37, (II) 13:24 per cent. : 


NH; solution. 
Temperature. Pressure in mm. 
Pressure I in mm. | Pressure II in mm. 
28°12° 158°5 171 154 
80°89 230°5 243 223 
38°26 318°5 334 301 
45°37 428°8 447 402 
51°18 543 ‘2 560 502 
58°14 707°6 723 651 


If the results are compared with those obtained with ammonia solu- 
tion I, the ammonium chloride is seen to produce a decrease in pressure, 
and the decrease is approximately twice as much in solution IT as in 
I (except at the low temperatures, where there seems to be some 
experimental error in solution I). This suggests the formation of 
some compound of the ammonia with the ammonium chloride. Since 
the completion of these experiments, the author has found that com- 
pounds such as NH,Cl,3NH, and NH,C1,6NH, have been isolated 
(Compt. rend., 1879, 88, 578), and it is probably due to the formation 
of compounds like these that the vapour pressure of the solution is 
diminished. 

Gaus found barium chloride and ammonium nitrate to have only a 
very slight effect on the ammonia pressure, and Raoult found am- 
monium nitrate and potassium nitrate to have none; Raoult’s experi- 
ments, however, were carried out with such strong solutions that they 
are hardly comparable with those now described. 

From the results hitherto obtained, it seems impossible to predict 
what effect will be produced by introducing into the solution a sub- 
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stance which would be expected to have no direct chemical action on 
the ammonia; the influence, however, would appear to be small except 
in the case of salts of the alkalis. If, however, a substance, as, for 
example, silver chloride or zinc sulphate, is known to form a definite 
compound with ammonia, the pressure of the ammonia is invariably 
diminished, but the effect of the ammonia going into combination may 
be complicated by other effects not yet understood. 


Effect of Change of Temperature on a Solution of Cupri-ammonium 
Sulphate. 


It was found necessary to use weak ammonia solutions, otherwise a 
sufficient amount of copper sulphate could not be kept in solution at 
the lower temperatures. An attempt was made to measure the vapour 
pressure at 0°, but without success ; the height of the mercury column 
could not be read, for the solution stuck to the glass and the mercury 
rose inside it. This phenomenon, which is presumably a _ surface- 
tension effect, did not occur at about 20°. E 

Copper Sulphate Ammonia Solution I.—NH,, 14°65 ; CuSO,, 2°68 ; 
H,O, 82°67 per cent. Density, 0°9652 at 15°. Corresponding NH, 
solution (I) 15°05, (II) 15°01 per cent. : 


, Pressure NH, | Pressure of NH, solution 
Temperature. | Pressure in mm. eattiess is itn. in oie 

18°88° 138°5 145 138) subtracting 3NH, 
26°37 197°6 212 197 } mols. for each mol. 
86°08 806°9 324 803 CuSQ,. 
43 ‘64 421°6 446 419 
47°49 492°6 518 | 491 
50°81 559°9 588 | 3} » S8R, ws 

| | | (886 
56°54 | 692°6 725 1700 — 


The copper sulphate produces a large decrease in the pressure, in all 
probability due to the formation of a cupri-ammonium compound. 
If the copper sulphate in the solution combines with ammonia, forming 
the compound CuSO,,4NH,, the amount of free ammonia remaining 
in the solution can be calculated by subtracting 4 mols. NH, for every 
CuSO, mol. ; an aqueous ammonia solution calculated of this strength 
has lower pressures than any found for the copper-ammonium sul- 
phate solution at the same temperatures. Subtracting 3 mols. NH,, 
the pressures coin¢ide at 19° and 26°; subtracting 2 mols. NH,, the 
pressures are nearly coincident at 44° and 47°. There is evidently 
progressive dissociation, until at 56°5° only about 14 mols. NH, for 
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every CuSO, mol. remain in combination. Unfortunately, a great 
assumption has to be made in calculating out these numbers, namely, 
that the copper sulphate has no influence on the pressure other than 
that caused by the ammonia going into combination with it. The un- 
certainty in this matter makes it useless to develop the theory of the 
decomposition from the numbers obtained. The compound at first in 
Cs O-NH,‘NH, . ge t 
solution is probably 80,<o.NH* NHC which dissociates into 


SO, ONE CY and very possibly 80,< 9a NEO is also 
formed. 

On evaporation of the ammonia, or on dilution of the solution, de- 
composition takes place, probably thus : 


Cu(NH,),SO, + 2H,O = Cu(OH), + (NH,),80,. 
These compounds will also be more or less ionised. 
Copper Sulphate Ammonia Solution II.—NH,, 6:54; CuSO,, 3:94; 


H,O, 89°52 per cent. Density, 1:010 at 15°. Corresponding NH, 
solution, (I) 6°81, (II) 6:80 per cent. : 


Pressure NH, Pressure NH; solution 


r 5 Pressure in mm. aS ; 
Temperature samme om solution in mm. in mm. 


30°57 91°8 112 93 
36°97 126'2 148 124 
41°51 155°1 180 154 
46°85 194°7 227 197 
52°61 250°1 294 251 
57°68 308°8 367 313 


In this case, the amount of ammonia held in combination by the 
copper is apparently the same as before, but no dissociation takes 
place, no doubt owing to the much smaller proportion of water with 
regard to the copper sulphate. After each experiment was completed, 
the copper solution was tested for mercury, but only a trace was found 
in each case. 


Subtracting 3NH, 


The Existence of Hydrates in Solution. 


The experiments on potassium sulphate before described have an 
interesting bearing on this question. The author has shown in a 
recent paper (Trans., 1901, '79, 725) that anhydrous sodium sulphate 
has a great effect in raising the ammonia pressure, but it is now found 
that potassium sulphate has a similar effect. The experimental data 
available for the comparison are given in the table on page 489. 
number mols. Na,SO, _ 1-71, 


From thesenumbers we find that the ratio naniee “lanl gi, 
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Pressure of 
Pressure in |corresponding 

mm. NH; solution 
in mm, 


Composition of solution. | Temperature. 


K,SO, 3°05 
NH, 7°49 
H,O 89°46 


NH, 9°90 46°70 360 320 


Na,SO, 4°25 40°42 276 246 
H,O 85°85 


per cent. increase of press. caused by the Na,SO, _ 2-05 
per cent. increase of press. caused by the K,SO, 
(2°04 at 40°42° and 2°06 at 46°70°). 

These ratios are sufficiently near to each other to show that 
molecular proportions of potassium sulphate, which crystallises 
without water, and of anhydrous sodium sulphate have approximately 
the same effect. There is no difference, such as would be caused by 
one forming a hydrate in solution and the other not. Supposing the 
sodium sulphate to take up 10 mols. of water, the concentration of 
the solution thereby produced would cause an increase in pressure of 
about 10 per cent. 

The increase of pressure caused by the potassium sulphate is 6 per 
cent., and the number of molecules of sodium sulphate is 1°7 times as 
great as the number of potassium sulphate molecules ; the effect of the 
sodium sulphate should therefore be (supposing molecular proportions 
to have the same effect) an increase of pressure of 6x 1‘7=10°2 
per cent.: adding this to the 10 per cent. for the increase in con- 
centration of the solution, we obtain a total increase of 20°2 
per cent. This, divided by the increase for the potassium sulphate 
increase by Na,SO, . 
increase by K,SO, saan di: 
2°05, the number found, a difference far beyond the limits of ex- 
perimental error. 

There is little reason for supposing potassium sulphate to form a 
hydrate in solution, so that these experiments seem to indicate the 
non-existence of a hydrate of either sodium sulphate or potassium 
sulphate in solution. 


whilst the ratio 


(6 per cent.), gives 3°37 for the ratio 


The experimental part of the work here described was carried out 
at the Physikalisch-chemisches Institut, Leipzig, and the author 
wishes to acknowledge the great facilities there afforded him. 

UNIversity CoLLEGE, 
CARDIFF, 
VOL. LX¥XXI, 
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L.—The Nitration of s-Trihalogen Anilines. 
By K. J. P. Orron. 


In the hope of possibly throwing further light on the process of sub- 
stitution in anilines, I have studied the carefully regulated action of 
nitric acid on those anilines in which chlorine or bromine occupies the 
positions 2, 4, and 6 in the benzene nucleusrelatively tothe amino-group ; 
namely, those positions into which a substituting group most readily 
finds its way. That the nitro-group is capable of displacing bromine, 
at least, from these positions in phenols has been shown by Armstrong 
and Harrow (Trans., 1876, 30, 448), who obtained 2 : 6-dibromo-4-nitro- 
phenol and 2-bromo-4 : 6-dinitrophenol from s-tribromophenol. Thiele 
and Eichwede (Annalen, 1900, 311, 363), by the action of amyl nitrite 
on this phenol, replaced, not the para-, but an ortho-bromine atom, 
2:4-dibromo-6-nitrophenol being thus* formed. Further, from 
s-tribromoaniline by the action of nitric acid, Losanitsch (Ber., 1882, 15, 
474) obtained 2 : 6-dibromo-4-nitroaniline. 

In their behaviour * with nitric acid (diluted with acetic acid), the 
anilines investigated divide themselves sharply into two classes; (1) 
anilines with a bromine atom in the para-position relatively to the 
amino-group, s-tribromoaniline, 2-chloro-4:6-dibromoaniline, and 
2 : 6-dichloro-4-bromoaniline, (2) anilines with a chlorine atom in the 
para-position relatively to the amino-group, 4-chloro-2 : 6-dibromo- 
aniline, 2: 4-dichloro-6-bromoaniline, and _ s-trichloroaniline. The 
crystalline aniline nitrate initially formed dissolves on heating, pro- 
ducing solutions of characteristically different colours in the two classes ; 
when a bromine atom is in the para-position, the solution is finally 
orange-yellow; when a chlorine atom is in the para-position, the 
solution is finally crimson (see experimental part). From anilines of 
the first class, bromine is evolved, and there is obtained a product which 
possesses a nitro-group in the para-position instead of an atom of 
bromine. The amount of the dihalogen-nitroaniline represents about 
75 per cent. of the original s-trihalogen aniline. From anilines of the 
second class, neither chlorine nor bromine is evolved, nor is an aniline 
obtained in which a nitro-group has replaced the p-chlorine atom. 
Further, in no case was the replacement of an o-bromine atom 
observed. In this respect, the behaviour of these anilines with 
nitric acid is analogous to their behaviour with acetylchloroamino- 

* In these experiments, an investigation of the final products of the action of 
nitric acid on these anilines was not intended. This has been done in the case of 
8-tribromoaniline by Losanitsch (Joc. cit.), dibromodinitromethane, tetrabromo- 


benzene, bromanil, oxalic and picric acids being isolated. Doubtless, these similarly 
constituted substances undergo degradation in much the same manner. 
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benzenes, when only the p-bromine atom is replaced by chlorine (Trans, 
1901, '79, 822). From 2:3: 4: 6-tetrabromoaniline in which one meta- 
position is also occupied by bromine, only 2 : 3: 6-tribromo-4-nitro- 
aniline is formed, although replacement of an o-bromine atom might 
be expected from analogy with the action of chlorine, bromine, and 
nitric acid on meta-substituted anilines, and anilides, which always 
yield a considerable proportion of the ortho-derivative. 

Lastly, in no case was hydrogen in the meta-position replaced by the 
nitro-group under the conditions employed. 

During the period of heating of the acetic acid solution of the aniline 
and nitric acid (aniline nitrate), there is present a small amount of the 
nitroamine of the aniline, thus from ¢-trichloroaniline is obtained 
1-nitroamino-2 : 4 : 6-trichlorobenzene, C,H,Cl,;NH*NO,. These nitro- 
amines would appear to be formed in this reaction by the elimination 
of water from the aniline nitrate, just as aniline acetates on heating 
lose water and become acetylamino-derivatives.* At no period of the 
experiment did the nitroamine amount to more than 5—10 per cent. of 
the aniline used. As under the conditions, namely, heating in acetic 
acid solution in the presence of a mineral acid, the nitroamines them- 
selves undergo change, no great quantity can at any one time be present , 
When a nitroamine in which a bromine atom is in the para-position 
relatively to the amino-group is dissolved in acetic acid to which one 
or two drops of sulphuric acid have been added, the nitro-group is 
transferred to the nucleus and displaces the p-bromine atom ; t whereas a 
nitroamine with a chlorine atom in the para-position, under identical 
treatment, yields no nitroaniline but gives a deep crimson solution, 
similar in appearance to that obtained directly from the aniline and 
nitric acid. From the crimson solutions from both sources, red sub- 
stances can be isolated in very small amount ; these have not yet been 
obtained in sufficient quantity for a thorough analysis or investigation. 
Experiments are now in progress having as their object the pre- 
paration of these compounds. 

Up to the point of the formation of the nitroamine from the aniline 
nitrate, there is a complete parallelism in the action of nitric acid on 
these two classes of s-trihalogen anilines (namely, the one class with a 
p-bromine atom and the other with a p-chlorine atom); as the 
nitroamines in each class are under an identical influence, the tendency 

* So far as I am aware s-trisubstituted nitroaminobenzenes have not hitherto 
been prepared ; nor have nitroaminobenzenes been obtained by the direct action of 
nitric acid on anilines, These substances were prepared by Bamberger, Pinnow, 
and others, by oxidation of alkaline solutions of benzenediazotates, by the action of 
nitrogen pentoxide on anilines in chloroform solution, and by adding the dry aniline 
nitrate to acetic anhydride. 

+ By a similar means, Bamberger brought about the transformation of nitro- 
aminobenzenes into o- and p-nitroanilines. 

LL 2 
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in each case must be for the nitro-group to replace the p-halogen 
atom. It was suggested (loc. cit.) that in the transformation of the 
acetylchloro- and acetylbromo-aminobenzenes (I), into o- and p- 
chloro- and bromo-acetanilides (ITI), an iminoquinone (II) formed a 
transient intermediate stage. 


-N-X 5 -N-H 
| | | 
7 2 ad tie 24 
a ae —_ ee el —> iH| f 
Y x 4 
H HX x 


From this point of view (which was originally foreshadowed by 
Lapworth, Trans., 1898, '73, 450), it would be excepted that both with 
a p-bromo-, and a p-chloro-aniline the nitroamine would pass into an 
iminoquinone in which both the nitro-group and the bromine atom are 
attached to the same carbon atom; in the one case, the bromine is 
eliminated, and a p-nitroaniline produced ; in the other case, the chlorine 
is not eliminated, but some derivative of the iminoquinone type is 
formed. It is possible that the red substance above mentioned is such 
a derivative. 

It is open to doubt whether, in the ordinary nitration of anilides, 
the stages observed in the action of nitric acid on these s-trihalogen 
anilines actually occur; the nitroamino-derivatives of the anilides 
have never been obtained; it is possible that the nitrating agent 
reacts directly with an acyliminoquinone (compare Lapworth, Trans., 
1901, '79, 1267 ; Thiele, Annalen, 1899, 306, 87). 


EXPERIMENTAL. 


Reaction of Nitric Acid with s-Tribromoaniline and the s-Dihalogen-p- 
bromoantlines. 


s- Tribromoaniline.—Losanitsch (oc. cit.) heated s-tribromoaniline with 
nitric acid diluted with acetic acid and obtained 2 : 6-dibromo-4-nitro- 
aniline, but he does not state the proportion of nitric acid used, or 
give the details of the experiment. 

Five grams of the aniline were covered with 50 c.c. of glacial acetic 
acid (m. p. 15°2°) a quantity insufficient to completely dissolve this 
base at the ordinary temperature. To the solution containing some 
solid in suspension were added 7—8 c.c. of nitric acid (sp. gr. 1°5), 
which was colourless and free from nitrous acid* ; a crystalline precipi- 
tate of the aniline nitrate immediately separated. The mixture was 


* In the presence of nitrous acid, diazotisation. took place to a large extent, 
confusing the direct interaction of the aniline and nitric acid. 


as 


~~ 


~ = - 
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now heated on the water-bath, when the nitrate dissolved, forming a 
solution which rapidly became deep orange, and then lighter in tint 
and more yellow than orange in colour. After about 20—30 minutes, 
the evolution of bromine had become very obvious, and on cooling 2 : 6- 
dibromo-4-nitroaniline (3°5 grams) separated in a nearly pure state. 
It melted at 205°; its acetyl derivative melted at 235°, and the 
acetylchloroamino-derivative at 109—110° ; the last named contained 
Cl as :NCl= 9°33 per cent. (instead of 9°51 per cent.). A careful search 
was made in the mother liquors for 2: 4-tribromo-6-nitroaniline, 
and for 2:4: 6-tribromo-3-nitroaniline. The mother liquors were pre- 
cipitated by water, and the solid thus obtained extracted with 
aqueous sodium carbonate (to remove any nitroamino-derivative), and 
then distilled in steam. The fact that the distillate was colourless 
indicated the absence of any o-nitroaniline (this vol., p. 496). Small 
amounts of s-tribromoaniline were alone found. 

1-Nitroamino-2 : 4 : 6-tribromobenzene, C,H,Br,*NH*NO,.—In order 
to isolate the nitroamine, the acetic acid solution at any time during the 
period of 5 to 15 minutes from the beginning of heating was poured 
on to ice; the yellow solid which separated was collected and ,washed 
free from acid. It was then extracted with cold dilute aqueous sodium 
carbonate. The remaining yellow solid, consisting mainly of un- 
changed s-tribromoaniline and 2 : 6-dibromo-4-nitroaniline, was filtered 
from the alkaline liquor, from which, on addition of a mineral acid, 
the nitroamine separated as a white precipitate. From 10 grams of 
aniline, 04 gram of nitroamine was obtained. It is readily soluble in 
all organic solvents except petroleum ; from dilute acetic acid or dilute 
alcohol, it crystallises in flesh-coloured needles. In cold water, the 
nitroamine is insoluble ; 1500 c.c. of hot water are required to dissolve 
1 gram ; from this solution, it crystallises in slender, long, often curved, 
flesh-coloured needles, melting and decomposing at 143—144° with 
evolution of oxides of nitrogen : 


0°1634 gave 0:246 AgBr. Br=64:04. 
C,H,O,N,Br, requires Br = 63°98 per cent. 


This substance is acid to litmus; on addition of aqueous sodium 
hydroxide to au aqueous solution of its sodium salt, the latter separ- 
ates in pearly white plates : 


0°3444 gave 0-053 Na.SO,. Na=5-62. 
C,H,O,N,Br,Na requires Na= 5°79 per cent. 


When the nitroamine is dissolved in acetic acid to which a drop of 
sulphuric acid has been added, the colour of the solution becomes 
orange, and after some time 2 : 6-dibromo-4-nitroaniline separates, 

2-Chloro-4 ; 6-dibromoaniline was treated in a perfectly similar 
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manner with nitric acid. 2-Chloro-6-bromo-4-nitroaniline was the main 
product ; it melted at 177°, yielded an acetyl derivative melting at 221° 
and was in every respect identical with the synthetical product (this 
vol., p. 496). The nitroamine obtained in this case melted and decom- 
posed at 137°; as only a small! quantity of the aniline was used, there 
was not sufficient of the nitroamine for analysis. From 2: 6-dichloro- 
4-bromoaniline, 2 : 6-dichloro-4-nitroaniline (m. p. 188°) was obtained ; 
its acetyl derivative melted at 210—211° The nitroamine was only 
obtained in very small quantity, and melted and decomposed at 
136—137°. 


Reaction of Nitric Acid with s-Trichloroaniline and with s-Dihalogen-p- 
chloroanilines. 


s-Trichloroaniline.—Five grams of the aniline were dissolved in 
50 c.c. of acetic acid and 8 c.c. of pure nitric acid added, whereupon the 
nitrate of the base immediately crystallised out. On heating the 
mixture on the water-bath, the solution became purple as the nitrate 
dissolved, and then rapidly changed to magenta, which more slowly 
became crimson. No chlorine was evolved. After 30 minutes’ heating, 
a very small quantity (0°05 gram) of hexachloroazobenzene separated ; 
on recrystallisation from chloroform and alcohol, it was obtained in 
long, lustrous, red needles, melting at 188°, identical in melting point, 
solubility, &c., with the specimen previously prepared by the action 
of acetylcbloroamino-2 : 4-dichlorobenzene on 8-trichloroaniline (Trans., 
1901, '79, 467). 

1-Nitroamino-2 : 4 : 6-trichlorobenzene, C,H,Cl,*NH°NO,, was isolated 
in a manner completely similar to that used for the tribromo- 
derivative, and resembles the latter very closely in appearance and 
properties. It crystallises from much hot water in long, flesh- 
coloured needles, melting and decomposing at 135°: 


0°1402 gave 14:2 c.c. of moist nitrogen at 17° and 775 mm. N =11°93. 
01486 ,, 0°266 AgCl. Cl=44°26. 
C,H,O,N,Cl, requires Cl = 44°06 ; N=11°63 per cent. 


Its sodium salt crystallises in glistening plates, and is very soluble in 
water or alcohol. 

A solution in glacial acetic acid to which one drop of sulphuric acid 
has been added soon becomes crimson in colour. At the ordinary 
temperature, the nitroamine changes only slowly, but on heating on the 
water-bath it rapidly decomposes, the colour of the solution quickly — 
deepening. 

To isolate any substance or substances which may have been formed, 
the crimson solution obtained either from the nitroamine, or directly by 
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the action of nitric acid on an acetic acid solution of the aniline, was 
poured on to ice ; the red solid was collected, washed free from acid, 
and extracted with aqueous sodium carbonate to remove any nitro- 
amine. The solid was now fractionally crystallised from petroleum 
(b. p. 50—80°) ; finally, a small amount of a substance was obtained, 
which crystallised in elongated, brilliant red plates melting and decom- 
posing at 143°, and very soluble in the usual solvents. It dissolved in 
concentrated sulphuric acid with a reddish-brown coloration; on 
addition of water and on warming, the solution became colourless. A 
solution in acetone was immediately reduced by zinc dust and acetic 
acid with the production of a colourless substance, crystallising in 
needles from petroleum melting at 188°. Sufficient of these substances 
(0'2 gram from 20 grams of aniline) could not be obtained by the 
above method for a complete investigation. 

2 : 4-Dichloro-6-bromoaniline and 4-chloro-2 : 6-dibromoaniline behave 
in a completely analogous manner; from each, nitroamines were ob- 
tained, decomposing at nearly the same temperature, 137—138°. 
Azobenzenes were formed in small amount. From the red solutions, 
obtained as in the case of s-trichloroaniline, no attempt was made to 
isolate the corresponding red substances. 


St. BARTHOLOMEW’s HosPITAL AND COLLEGE. 
Lonpon, E,C. 


L1.—Some s-Chlorobromonitroanilines and their 
Derivatives. 


By K. J. P. Orton. 


For the purpose of recognising the products possibly obtainable by 
the action of nitric acid on the s-trihalogenanilines (see preceding 
communication), the anilines hereafter described were prepared and 
their derivatives investigated. 

As in the case of all di-o-substituted anilines, monoacetyl derivatives 
are only with difficulty prepared from these bases—a difficulty which 
is intensified if a nitro-group occupies one ortho-position. Only after 
many hours’ heating with excess of acetyl chloride and sodium acetate 
is the acetyl derivative pbtained. When quite free from the respec- 
tive bases, the monoacetyl derivatives of the anilines possessing a 
nitro-group either in the ortho- or the para-position (for example, 
2 : 4-dibromo-6-nitro- and 2 : 6- dibromo-4-nitro-anilines) are quite colour- 
less ; but when obtained from the aniline as just mentioned, even after 
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repeated recrystallisation, they are generally of a yellow tint owing 
to the presence of traces of the latter. 

All di-o-halogen acetanilides (as s-tribromoacetanilide) dissolve fairly 
readily in 10 per cent. aqueous sodium hydroxide, and are precipitated 
unchanged by acids; these alkaline solutions may be heated for a 
considerable time without effecting any appreciable hydrolysis. 

The acetyl derivatives of s-trisubstituted anilines, with a nitro-group 
in an ortho- or a para-position, dissolve readily even in 1/10 cold 
aqueous sodium hydroxide ; the anilides with an o-nitro-group form an 
orange-coloured solution, which becomes markedly redder on warming ; 
those with a p-nitro-group form a canary-yellow solution which does not 
much deepen in tint when warmed. From these alkaline solutions, 
acids precipitate the anilides as perfectly white solids. By taking 
advantage of the solubility of the anilides, they may be obtained 
completely free from the anilines after acetylation. Although these 
s-trisubstituted nitroanilides are more difficultly hydrolysed than even 
di-o-halogen anilides (s-tribromoacetanilide, &c.) by boiling with sul- 
phuric or hydrochloric acid and alcohol, they are very easily converted 
into anilines when their solutions in excess of 10 per cent. aqueous 
sodium hydroxide are heated for a short time (compare Kleemann, 
Ber., 1888, 19, 336). 

The diacetyl derivatives of s-trisubstituted anilines are formed when 
the aniline is boiled or heated under pressure with acetic anhydride 
for some hours. In this operation, no formation of monoacetylated 
compound takes place, although some of the aniline frequently remains 
unchanged, when the heating has not been sufficiently prolonged. The 
diacetanilides are very rapidly converted into the monoacetyl deriva- 
tives by aqueous alkalis. 

To recognise a small amount of an o-nitrodihalogen aniline in the 
presence of a much larger quantity of the para-isomeride, it is best to 
distil the mixture in steam. Although both anilines pass over, the 
ortho-isomeride distils more readily and gives a canary-yellow dis- 
tillate, whilst the para-derivative gives a colourless distillate. By 
this means, not only can the presence of the ortho-compound be recog- 
nised easily in a mixture containing less than 2 per cent., but 0°02 
gram can be readily detected. 


EXPERIMENTAL. 


2-Chloro-6-bromo-4-nitrowniline, NO,*C,H,CIBr‘-NH,, was prepared 
from 2-bromo-4-nitroaniline ; the latter was obtained by adding a 
solution of bromine (1 mol.) in glacial acetic acid to a hot solution of 
p-nitroaniline (1 mol.) in the same solvent. On cooling, a little 
2 :6-dibromo-4-nitroaniline separates. The acetic acid solution was 
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precipitated by water, and the mixture of anilines thus obtained 
dissolved in alcohol, to which was added a weight of sulphuric acid 
equal to that of the p-nitroaniline used. On now adding water, only 
2-bromo-4-nitroaniline separates, whilst any p-nitroaniline remains 
dissolved in the acid. The yield is about 75 per cent. of the calculated 
amount. 

2-Bromo-4-nitroaniline was chlorinated by passing dry chlorine 
into its solution in dry benzene; chlorination is completed when the 
solid which separates settles easily to the bottom of the flask. This 
solid, which is the hydrochloride of 2-chloro-6-bromo-4-nitroaniline, 
was collected and well washed with petroleum. On digesting it with 
water, the aniline is obtained. The latter is only slightly soluble in all 
solvents, and crystallises from alcohol in long, prismatic, bright 
yellow needles melting at 177°: 


0:2636 gave 0°345 AgCOl + AgBr and 02248 Ag. Cl=14°02; Br =31°'58. 
C,H,O,N,ClBr requires Cl= 14:09; Br=31°78 per cent. 


2-Chloro-6-bromo-4-nitroucetanilide, NO,*C,H,CIBr-NH*CO-CH,, was 
prepared by adding acetyl chloride in some excess to a warm solution 
of the aniline in glacial acetic acid. The mixture was then boiled for 
half-an-hour. From alcohol, in which it is only slightly soluble, the 
anilide separates in lustrous, white prisms melting at 221—222°: 


01916 gave 0°2163 AgCl+ AgBr and0°1406 Ag. Cl= 11°86 ; Br = 27°66. 
C,H,0,N,CIBr requires Cl= 12°08 ; Br= 27°24 per cent. 


Acetylchloroamino-2-chloro-6-bromo-4-nitrobenzene, 
NO,°C,H,ClBr:NCl°CO:CH,, 
prepared from the anilide in the manner previously described, crystal- 
lises in white, lustrous prisms, melting at 84—85°: 


0:1727 liberated I=10°5 c.c. V/10 iodine. Clas -NO]=10°77. 
C,H,0,N,Cl,Br requires Cl as -NCl= 10°81 per cent. 


2-Chloro-6-bromo-4-nitrodiacetanilide, |NO,*C,H,CIBr-N(CO-CH,),, 
was prepared by boiling the aniline (1 gram) with acetic anhydride 
(10 grams) for 10 hours ; some unchanged aniline still remained. The 
diacetyl derivative was readily soluble in all solvents, and crystallised 
from petroleum in long, four-sided, white prisms melting at 133—133°5°. 
It was not analysed. 

2-Chloro-4-bromo-6-nitroaniline, NO,*C,H,CIBr-NH,, was prepared 
from the anilide; the latter (2 grams) was dissolved in 20 c.c. of a 
10 per cent. solution of sodium hydroxide; the solution was then 
heated on the water-bath; after 10 minutes, the aniline began to 
Separate, and hydrolysis was complete in half-an-hour. The aniline 
was crystallised from alcohol, in which it is far more soluble than 
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the isomeride just described. It forms silky, yellow needles melting 
at 114°: 


0°1850 gave 0:2432 AgCl + AgBr and 0:1584 Ag. Cl=14'01; Br=31°84. 
C,H,0,N,ClBr requires Cl= 14:09 ; Br=31°78 per cent. 


2-Chloro-4-bromo-6-nitroacetanilide, NO,*C,H,CIBr-NH-CO-CH,, was 
prepared from 2-chloro-4-bromoacetanilide ; the latter (10 grams) was 
added in small portions to 50 c.c. of ice-cold nitric acid (sp. gr. 1°5). 
The acid solution was thrown on to ice, and the solid which separated 
recrystallised from alcohol. The anilide crystallises in white needles 
or prisms melting at 194°: 


0°1306 gave 0:1466 AgCl + AgBr and 0°0956 Ag. Cl= 12°07; Br= 26°96. 
C,H,O,N,ClBr requires Cl= 12°08 ; Br= 27:24 per cent. 


Acetylchloroamino-2-chloro-4-bromo-6-nitrobenzene, 
NO,°C,H,ClBr*NC1-CO°CH,, 
was prepared in the usual way from the anilide. It crystallises in long, 
pale yellow, lustrous prisms melting at 56—57°: 


0'1706 liberated I= 10-6 c.c. V/10 iodine. Clas -NO1=11°02. 
C,H,O,N,Cl,Br requires Cl as ‘NC1=10°81 per cent. 


This substance is readily soluble in petroleum. It is noteworthy that 
this chloroamino-derivative is yellow, although obtained from a colour- 
less anilide ; in its low melting point it differs from the chloroamines 
of other di-o-substituted anilides. . 

4-Chloro-2-bromo-6-nitroaniline, NO,*C,H,ClBr*NH,, was prepared by 
hydrolysing the anilide in the manner just described. It crystallises 
from alcohol in yellow, silky needles melting at 114—115°: 


0°1428 gave 0°1876 AgOl + AgBr and 0:1224 Ag. Cl=14'14; Br=31°52. 
C,H,0,N,CIBr requires Cl= 14:09; Br=31-78 per cent. 


4-Chlovo-2-bromo-6-nitroacetanilide, NO,*C,H,CIBr-NH:CO-CH,, was 
prepared by nitrating 4-chloro-2-bromoacetanilide. It crystallises from 
alcohol in colourless needles or flattened prisms melting at 207°: 


0°1824 gave 0:2048 AgCl + AgBr and 01338 Ag. Cl= 12°29; Br = 26°65. 
C,H,O,N,CIBr requires Cl=12°08 ; Br= 27°24 per cent. 


Acetylchloroamino-2 : 6-dibromo-4-nitrobenzene, 
NO,°C,H,Br,*NCl-CO-CH,. 
This hitherto undescribed chloroamine was prepared from the anilide. 
It crystallises from petroleum (b. p. 50—80°) in small, four-sided prisms 
with domed ends, melting at 110—111°: 


0°488 liberated I= 25°5 c.c. V/10 iodine. Clas ‘-NC1= 9-27. 
C0,H,O,N,ClBr, requires Cl as :NC]=9°51 per cent. 
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2 :4-Dibromo-6-nitrodiacetanilide, NO,°C,H,Br,*N(CO°CH,),, was 
prepared by boiling the aniline (1 gram) with acetic anhydride (10 grams) 
for several hours, After evaporation of the excess of acetic anhydride, 
the solid residue was recrystallised from petroleum. It forms aggtegates 
of colourless, rhombic prisms melting at 96—97°: 


0°1847 gave 0°1840 AgBr. Br=42°39. 
C,,H,0,N,Br, requires Br = 42°07 per cent. 


2:3:4: 6-Tetrabromoacetanilide, C,H Br,,-NH-CO-CH,, was prepared 
by acetylating the aniline with acetyl chloride in the manner above 
described. It crystallises from benzene in silky needles melting at 
228—229°, and is fairly soluble in alcohol and acetic acid : 


0:1762 gave 0°2784 AgBr. Br=67:22. 
C,H,ONBr, requires Br =67‘35 per cent. 


2:3:4:6-Tetrabromodiacetanilide, C,HBr,-N(CO°CHs),, prepared in 
the usual way from the aniline and acetic anhydride, crystallises 
from petroleum in transparent, four-sided prisms melting at 164°, 
and is very soluble in all solvents except petroleum (b. p. 50—80°) : 


0'11 gave 01674 AgBr. Br=64°76. 

C,,)H,O,NBr, requires Br = 64°88 per cent. 

2:3 :6-Tribromo-4-nitroaniline, NO,°C,HBr,-NH,.—This aniline 
was prepared from 3-bromo-4-nitroaniline (m. p. 170°), by the action 
of bromine on an acetic acid solution of the latter. It crystallises 
from alcohol, in which it is only slightly soluble when cold, in pale 
lemon-yellow needles melting at 155—155°5°: 


01775 gave 0°2672 AgBr. Br=64:04. 
C,H,0,N,Br, requires Br = 63°98. 


This aniline distils slowly in steam, and as in the case of other 
p-uitroanilines, the aqueous distillate is colourless, whilst the distil- 
late of the isomeric o-nitroaniline is bright yellow. 

2:3:4-Tribromo-6-nitroaniline, NO,*C,HBr,*-NH,, prepared from 
3-bromo-6-nitroaniline (m. p. 151°), crystallises in orange-yellow 
needles melting at 165°-5—166° : 


0'1266 gave 01908 AgBr. Br=64-12. 
C,H,O,N,Br, requires Br = 63°98 per cent. 
The acetyl derivative crystallises in flattened, white needles melting 
at 221°, 

_The 3-bromo-4-nitro- and the 3-bromo-6-nitro-anilines just men- 
tioned were prepared by nitrating m-bromoaniline, m-Bromoaniline 
(1 part) was dissolved in concentrated sulphuric acid (10 parts), and 
to the ice-cold solution the calcul ated quantity of nitric acid (sp. gr. 
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1‘5) dissolved in sulphuric acid was added. The acid solution was 
poured on to ice, and the nitroanilines precipitated with ammonia. They 
are separated by distilling in steam from an equal weight of sulphuric 
acid; 3-bromo-6-nitroaniline distils over whilst 3-bromo-4-nitroaniline 
remains in the distilling flask. After one recrystallisation from 
alcohol, each possesses the correct melting point (compare Claus and 
Scheulen, J. pr. Chem., 1891, [ii], 48, 201; Claus and Wallbaum, 
ibid., 1897, [ii], 56, 54). 
St. BARTHOLOMEW’s HosPiIraAL AND COLLEGE. 
Lonpon, E.C. 


LII.—The Nitration of s-Trihalogen Acetanilides. 
By K. J. P. Orton. 


In a previous paper (this vol., p. 490), it was shown that in the 
action of nitric acid on the s-trihalogen anilines (s-tribromoaniline, &c.), 
a bromine atom in the para-position relatively to the amino-group was 
replaced by a nitro-group, whilst this is not the case with a p-chlorine 
atom or an o-bromine atom (at least, under the same conditions). 
Further, it appeared very probable that at least one intermediate pro- 
duct, a nitroamine, existed between the nitrate of the aniline first 
formed and the final product (or products). It seemed desirable to 
ascertain what action nitric acid had on the acetyl derivatives of the 
s-trihalogen anilines, and whether, in this case also, a p-bromine atom 
was displaced. 

The action of nitric acid on s-tribromoacetanilide has been studied 
by Remmers (Ber., 1874, '7, 351), who obtained an anilide which is 
described as crystallising in yellow needles readily soluble in alcohol ; 
no melting point of the compound is given, and the numbers found in an 
estimation of bromine correspond with those required for the formula 
NO,°C,HBr,*-NH-CO-CH,. By hydrolysis with ammonia, an aniline 
was obtained from it which crystallised in insoluble, yellow needles 
melting at 214—215°; a bromine determination indicated that the 
aniline was represented by the formula NO,°C,HBr,-NH,. This sub- 
stance could not be 2:4: 6-tribromo-3-nitroaniline, which was prepared 
by Kérner (Jahresber., 1875, 347) from m-nitroaniline and melts at 
102°5°. It was possible in Remmers’ experiments that the nitro-group 
had displaced a bromine atom either from the ortho- or the para- 
position, the liberfted bromine entering the aniline molecule in the 
meta-position. This transformation, sufficiently improbable in itself, 
does not produce either 2: 3; 6-tribromo-4-nitroaniline or 2; 3; 4-tri- 
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bromo-6-nitroaniline, which, the author has shown, melt respectively 
at 155° and 166° (this vol., p. 499). The other possible aniline has 
not hitherto been described.* 

Bentley (Amer. Chem. J., 1898, 20, 472) repeated Remmers’ experi- 
ments, but was unable to obtain any evidence of the substance, 
described by him, and only succeeded in isolating the final products of 
the action of nitric acid on this anilide, such as bromoanil, &c. 

I have therefore reinvestigated the action of nitric acid on 8-tri- 
bromoacetanilide. When diluted with acetic acid, nitric acid has 
little or no action on this substance; when dissolved in cold fuming 
nitric acid (sp. gr. 1°5), the anilide is only slowly attacked, but when 
this solution in nitric acid is kept at a temperature of 50—55° for 15 
minutes, the compound is. largely converted into 2: 4: 6-tribromo-3- 
nitroacetanilide, No bromine is evolved and no other substances are 
produced. 

Under similar treatment, 4-chloro-2 : 6-dibromoacetanilide yields 
4-chloro-2 : 6-dibromo-3-nitroacetanilide. Both these anilides have 
been converted into the corresponding anilines, namely, 2:4: 6-tri- 
bromo-3-nitroaniline and the hitherto undescribed 4-chloro-2 : 6-di- 
bromo-3-nitroaniline. These bases have also been prepared respec- 
tively from m-nitroaniline and 4-chloro-3-nitroaniline, and a compari- 
son has been made of the anilines and their acetyl and acetylchloro- 
amino-derivatives obtained from both sources. 

It would appear from these results that the acetyl derivatives of 
these s-trihalogen anilines behave, with nitric acid, in a ‘manner 
initially different from the s-trihalogen anilines themselves ; there is 
not only no sign of the formation of nitroamino-derivatives and of the 
products of their transformation, namely, replacement of the p-bromine 
atom, but there is also no indication that the nitric acid reacts with an 
iminoquinone derivative, as suggested in the previous communication, 
in which case the p-bromine atom would probably also be eliminated. 
The directing influence of the amino-group as thus defined has been at 
least partially suppressed on acetylation (compare Armstrong and 
Horton, Proc., 1901, 1'7, 246). An analogous case is the nitration of 
aniline sulphates in the meta-position relatively to the amino-group in 
the presence of a large quantity of sulphuric acid (Nélting and Collin, 
Ber., 1884, 1'7, 226). The behaviour of s-tribromophenol towards 
nitric acid may be quoted to illustrate a similar phenomenon when an 
oxygen, instead of a nitrogen, atom is the directing agent in substi- 
tution ; this phenol yields 2 : 6-dibromo-4-nitrophenol (Armstrong and 
Harrow, Trans., 1876, 30, 477), the p-bromine atom being replaced by 

* As Remmers obtained his substituted aniline (m. p. 214—215°) by heating the 


anilide under pressure with ammonia, it is possible that a profound change took 
Place, and not a simple hydrolysis, 
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a nitro-group, whereas the ethyl ether, l-ethoxy-2 : 4 :6-tribromo- 
benzene yields 1-ethoxy-2: 4: 6-tribromo-3-nitrobenzene (compare 
Guareschi and Daccomo, Ber., 1885, 18, 1175, and Faust, Annalen, 
1869, 149, 152). 


EXPERIMENTAL. 
Nitration of s-Tribromoacetanilide, 


Five grams of s-tribromoacetanilide (m. p. 233°) were added to 5 c.c. 
of fuming nitric acid ; the anilide rapidly dissolves, and the solution is 
cautiously warmed to about 55° for 15 minutes. It is then poured 
on to ice; the nearly colourless solid which separates is washed free 
from acid and dried. It is readily soluble in alcohol (compare Remmers, 
loc. cit.), and dissolves in a 10 per cent. solution of sodium hydroxide, 
forming a colourless solution, whereas a nitroacetanilide, in which the 
nitro-group is either in an ortho- or the para-position, dissolves in sodium 
hydroxide with a marked yellow coloration (this vol., p, 496). Re- 
crystallised from benzene or dilute acetone, it forms colourless plates 
melting at 197°, and, after repeated fractional crystallisation, at 203°. 
An analysis of this product gave numbers which indicated that it was 
a mixture of s-tribromoacetanilide and a tribromonitroacetanilide. 

It was found that these two anilides could be separated from the 
mixture (m. p. 197°) by converting them into the chloroamino-deriva- 
tives. The mixture was dissolved in warm glacial acetic acid and 
some excess of a solution of bleaching powder (0°8 normal, HCIO) was 
added. The oil which at first separated solidified on cooling; the 
solid was dried on a porous tile and then dissolved in a boiling mixture 
of chloroform and petroleum. On cooling, crystals separated which 
melted at 148°; on recrystallisation from petroleum (b. p. 50—80°), 
an acetylchloroamino-derivative separated in characteristic translucent, 
lustrous prisms melting at 159°, which is the melting point of acetyl- 
chloroamino-2 ; 4 : 6-tribromo-3-nitrobenzene (see below) : 


0°1485 liberated I= 6:4 c.c. V/10 iodine. Clas -NC1=7°64. 
NO,°C,HBr,*NCl-CO-CH, requires Cl as -NCl=7:85 per cent. 

From the first mother liquor (a mixture of chloroform and petroleum), 
impure acetylchloroamino-2 : 4 : 6-tribromobenzene (m. p. 100° instead 
of 110°) was obtained ; by treatment with alcohol, this was converted 
into s-tribromoacetanilide. 

From the acetylchloroamino-2 : 4: 6-tribromo-3-nitrobenzene (m. p. 
159°), the corresponding anilide, 2 : 4 : 6-tribromo-3-nitroacetanilide, was 
prepared by the action of warm alcohol ; it crystallised from dilute 
acetone in tufts of silky needles melting at 217°: 


0°2012 gave 12:2c.c. moist nitrogen at 15°and 761mm. N=6'93. 
C,H,O,N,Br, requires N = 6°73 per cent. 
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The corresponding base, 2 : 4 : 6-tribromo-3-nitroaniline, was obtained 
by heating the anilide (1 part) with sulphuric acid (4 parts) and 
alcohol (4 parts) for several hours, On adding water, the aniline 
separated and crystallised from dilute alcohol in small, pale yellow 
needles melting at 102° (Kérner, Joc. cit., gives 102°5°). 

This base was also prepared from m-nitroaniline ; from this specimen, 
on boiling with acetyl chloride in the presence of glacial acetic acid, 
2:4: 6-tribromo-3-nitroacetanilide, NO,*C,HBr,*NH-CO’CH,, was ob- 
tained, which crystallised in needles from dilute acetone,.and in 
flattened prisms or plates from benzene, and melted at 216—217° : 


0:148 gave 0:2004 AgBr. Br=57°59. 
C,H,0,N,Br, requires Br = 57°54 per cent, 


2:4:6-Tribromo-3-nitrodiacetanilide, NO,*C,HBr,*N(CO*CH,),.—The 
base or its monoacetyl derivative (1 gram) was boiled with acetic 
anhydride (8 grams) for six hours. The anhydride was evaporated on 
the water-bath, and the solid residue dissolved in chloroform. Large 
lustrous, perfectly transparent rhombs separated melting at 175—176° ; 
these were readily soluble in alcohol, less so in acetic acid, and only 
slightly so in cold benzene or chloroform : 


0158 gave 0:1946 AgBr. Br=52°4. 
C,,H,0,N,Br, requires Br = 52°28 per cent. 


Acetylchloroamino-2 : 4 : 6-tribromo-3-nitrobenzene, 
NO,:C,HBr,*NCl-CO-CH,, 
prepared from the anilide, crystallised in lustrous prisms from a mixture 
of chloroform and petroleum and melted at 159°: 


0°366 liberated I= 15-6 c.c. V/10 iodine. Clas -NC1=7°55. 
C,H,0,N,CIBr, requires Cl as :NCl=7°85 per cent. 


Nitration of 4-Chloro-2 : 6-dibromoacetanilide.—The nitration of this 
anilide was carried out in a manner exactly similar to that employed 
in the case of s-tribromoacetanilide. The mixture of unchanged anilide 
and nitrated product melted at 191°; it was dissolved in glacial acetic 
acid and treated with a solution of bleaching powder; the chloro- 
amines thus obtained were dissolved in a hot mixture of chloroform 
and petroleum, and from the solution crystals separated which melted 
at 125—130°. These were recystallised from petroleum. Pure acetyl- 
chloroamino-4-chloro-2 : 6-dibromo-3-nitrobenzene, 

NO,*C,HCIBr,*NCl-CO°CH,, 
Separated in aggregates of short prisms which melted at 134—135° : 


0°1973 liberated I= 10-0 c.c. W/10 iodine. Cl as :NC1=8-98. 
C,H,0,N,Cl,Br, requires Cl as ‘NCl= 8°71 per cent. 
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From the first mother liquor, a mixture of chloroform and petroleum, 
impure acetylchloroamino-4-chloro-2 :6-dibromobenzene (m. p. 102° 
instead of 110°) was obtained which was reconverted into the anilide ; 
after recrystallisation, the latter melted at 226°. 

4-Chloro-2 : 6-dibromo-3-nitroacetanilide, NO,*C,HCIBr,*NH-CO-CH,, 
—This anilide was prepared by acetylating 4-chloro-2 : 6-dibromo-3- 
nitroaniline with acetyl chloride. It crystallised from dilute alcohol 
in tufts of silky needles melting at 224°, and was moderately soluble 
in alcohol, acetic acid, or benzene : ‘ 


0°1442 gave 0:201 AgCl + AgBr and 0°1253 Ag. Cl=9°49; Br = 42°99, 
C,H,O,N,CIBr, requires Cl=9°52; Br=42°93 per cent. 


It was also obtained from the corresponding chloroamine, prepared 
from the product of nitration of 4-chloro-2 : 6-dibromoacetanilide. 
This specimen crystallised in silky needles melting at 224°: 


0:2022 gave 13:9 c.c. of moist nitrogen at 17:2° and 763 mm. N =7°80, 
C,H,O,N,CIBr, requires N = 7-54 per cent. 


4-Chloro-2 : 6-dibromo-3-nitroaniline, NO,*C,HCI1Br,"NH,, was pre- 
pared by brominating 4-chloro-3-nitroaniline (m. p. 103—104°), and 
it was also obtained by hydrolysis of the product of nitration of 
4-chloro-2 : 6-dibromoacetanilide. It crystallises in small, pale yellow 
needles melting at 103°, and is fairly soluble in all the usual organic 
solvents : 


0:140 gave0'2195 AgCl + AgBr and 0:1368 Ag. Cl= 10°73; Br = 48°39. 
C,H,0,N,CIBr, requires Cl= 10°62 ; Br= 48°43 per cent. 


St. BARTHOLOMEW’s HosPITAL AND COLLEGE. 
Lonpon, E.C. 


LIII.—Preparation of Sulphamide from Ammonium 
Amidosulphite. 


By Epwarp Divers and Masataka Oaawa. 


SULPHAMIDE occurs among the products of the spontaneous decom- 
position of ammonium amidosulphite. That this appeared to be the case 
was mentioned in the paper describing this salt (Trans., 1900, '7'7, 324). 
It had then been isolated, not only in too small a quantity to admit of its 
purification and full analysis, but in a way that rendered its identity 
almost doubtful, The decomposed amidosulphite had been extracted 
with 95 per cent. alcohol, the residue from the evaporated voluminous 
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solution extracted with undried ether, and the again very voluminous 
solution evaporated. Half a gram of crystalline residue from about 
150 c.c. of the ether solution was thus obtained, answering the tests for 
sulphamide, but melting much above 81°, tasting not bitter, and yield- 
ing a little too much sulphur on analysis. Then, too, we had failed to 
get silver sulphamide from the aqueous solution of the decomposed 
amidosulphite, owing, as we afterwards found, to our having used 
ammonia in excess. All these points differed, or seemed to differ, from 
Traube’s description, and caused us to hesitate in pronouncing the 
substance to be sulphamide. Since then we have obtained it in larger 
quantity and pure, and thus become certain that sulphamide is a 
little soluble in absolute alcohol and even very slightly so in dry 
ether, that it melts at 91°, and that its silver derivative is insoluble 
in ammonia alone, but soluble in ammonia in presence of the ammonium 
nitrate which its mother liquor always contains. The publication of 
Hantzsch and Holl’s important contribution to the knowledge of sulph- 
imide and sulphamide (Ber., 1901, 34, 30), in which Traube’s account 
of sulphamide (Ber., 1893, 26, 609) is amended, affords welcome con- 
firmation, so far as it goes, of the correctness of our own observations. 

Hitherto, as is well known, sulphamide has only been got from 
sulphuryl chloride and ammonia, a mode of preparing it which 
Hantzsch and Holl have shown to be most laborious and unprofitable, 
and the difficulty of getting it in this way has quite recently induced 
Ephraim to try to obtain it from sulphuryl chloride by means of 
urethane, but without success (Ber., 1902, 35, 776). Sulphuryl chloride 
is stated to give only 1—2 per cent. of pure sulphamide, whilst am- 
monium amidosulphite, by a process not unduly troublesome, yields 10 
per cent. of its weight, and probably much more by skill and care. 

In order to prepare the ammonium amidosulphite and decompose it 
afterwards, ammonia in excess and sulphur dioxide are led into a 
closed flask, fitted with a thermometer and an exit-tube dipping in 
mercury. To absorb the heat caused by the combination of the gases, 
the flask is held in a bath of brine and crushed ice, which is more 
effective when the flask contains some ether and is kept in motion, 
because then the salt does not stick to the walls of the flask as a waxy, 
badly-conducting coating. The rate of flow of the gases is to be regu- 
lated by the operator’s ability to prevent the temperature in the flask 
from rising much above 10°. The inside of the apparatus, the gases, 
and the ether are all to be dried before use. 

When as much amidosulphite has been formed as may be wanted or 
be convenient to prepare, the cooling mixture in the bath is replaced by 
water, and a slow stream of dry hydrogen passed through the flask, 
whilst the temperature of the water is slowly raised to about 70° and 
then kept at that point for five or six hours or so long as ammonia 
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continues to come off in any quantity. During this operation, the 
ether, if used, also evaporates. The sulphamide is all formed at 
temperatures not higher than 30—35°, and a higher temperature is 
here employed only for the purpose of destroying as much as possible of 
the thionic compounds which are formed along with the sulphamide and 
would at a later stage consume much silver nitrate and undesirably 
produce much ammonium nitrate, if present. The employment of a 
higher temperature than 70° to destroy all the thionic compounds, is 
not possible, because then the sulphamide itself would be decomposed. 

When the flask has cooled down, enough ice-cold water is poured in 
to dissolve all its contents other than the considerable quantity of 
sulphur left by the destroyed compounds. To the yellow, unfiltered 
solution, which has been poured into an open vessel, barium hydroxide 
is added in quantity a little more than sufficient for the salts it preci- 
pitates, among which are sulphate, imidosulphite, and thiosulphate. 
In order to lessen the dilution of the solution of sulphamide, the 
barium hydroxide is used in mixed solution and crystals, as obtained 
by rapidly cooling a hot, concentrated solution. The precipitate is to 
be filtered off, although it is not very easy to get a bright filtrate, 
and, even when this is accomplished, the filtrate soon becomes turbid 
again, owing to further production of sulphate by the decomposing 
salts present in it. This does not matter, however, and to the turbid 
filtrate silver nitrate is added just so long as it continues to give a 
precipitate. The barium hydroxide will have liberated much ammonia, 
but a good deal of this will have evaporated during the time taken up 
in filtration, especially if the precipitation has been carried out in an 
open vessel. What remains of it, interferes only temporarily with 
the silver precipitation, and does not usually need external neutralisa- 
tion, for so much acid is formed as the result of a very rapid de- 
composition of the precipitated silver salts (in which they change from 
white to black) as to be more than enough to neutralise the ammonia 
remaining in the solution, and also to dissolve up any silver sulphamide 
that may have been thrown down at first. When the mother liquor 
las become thoroughly acid or, exceptionally, has been made so by 
adding nitric acid, and still holds silver in solution, it is filtered 
from the black precipitate and just neutralised with ammonia, Any 
slight precipitate then formed is also filtered off and rejected; it 
contains no trisulphimide. The filtrate holds little else than sulphamide 
and ammonium amidosulphate, and if evaporated over sulphuric acid 
would yield both these substances in characteristic crystals. But 
to isolate the sulphamide, it is to be precipitated from this solution by 
silver nitrate and ammonia, that is, by Traube’s method. The silver 
sulphamide, thus obtained, is almost pure, there being no such acid 
matter present as is met with when the sulphamide has been prepared 
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from sulphuryl chloride. In that case, a viscid silver salt accompanies 
the silver sulphamide, and according to Hantzsch and Holl, can only 
be removed from it by a process entailing the destruction of much of 
the sulphamide. Even in the present case, however, the amidosulphate 
left with the sulphamide may cause a little difficulty, unless care be 
taken. 

On referring to the memoir on amidosulphuric acid in the Transac- 
tions of the Society for 1896 (pp. 1647—1649, “ amidosulphonic acid”’), 
it will be found there stated that when an alkali is added in suitable 
quantity to a solution of mixed silver nitrate and potassium amido- 
sulphate, a bright yellow, amorphous salt is precipitated, which is 
very probably AgHN-SO,K, and is soluble in, and ultimately 
decomposed by, excess of alkali. It is now found that, in precipitating 
silver sulphamide in presence of ammonium amidosulphate, as in the 
present case, a very small quantity of a bright yellow substance, 
probably ammonium argentamidosulphate, is apt to accompany the 
silver sulphamide, and that in order to circumvent this liability and 
at the same time to avoid loss of the silver sulphamide through its 
solubility in ammonia in presence of ammonium nitrate, precipitation 
should be carried out in the following way. Having added more silver 
nitrate, dilute ammonia is dropped in, slowly and with stirring, until 
the solution is slightly alkaline. The precipitate is quickly filtered 
off and washed free from mother liquor. The solution is again treated 
with silver nitrate and ammonia, as before, in order to see whether any 
more sulphamide is thrown down. This being quickly filtered off, if 
it be desired to obtain a sight of the yellow compound, a few drops or 
more of ammonia may be added, and dilute silver nitrate very 
slowly dropped in, when it will be produced. 

The silver sulphamide, perhaps a little yellow after all, is to be 
dissolved in dilute nitric acid, ammonia added to slight alkalinity, as 
before, and then two or:three drops of silver nitrate. After a 
repetition of this treatment, the precipitate is treated with exactly 
enough dilute hydrochloric acid to decompose it, just as Traube 
directs. The filtrate from the silver chloride, which must not be acid, 
gives the sulphamide in good crystals, when it is evaporated in the 
desiccator. It is to be recrystallised. Since it is exceedingly soluble, 
the mother-liquors must be worked up, if a good yield is wanted. 


We are under obligations to Mr. Tojiro Suzuki for material 
assistance in the experimental work of this paper. 
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LIV.—The Constitution of Inmettin. 
By W. A. Tivpen and H. Burrows. 


LimeEtTIN is a substance which occurs in the pericarp of the lime fruit 
and is deposited from the essential oil which has been extracted by the 
sponge process or by pressure. It was shown by Tilden (Trans., 1892, 
61, 344) that its composition is expressed by the molecular formula 
C,,H,,0,, and its constitution by the formula C,H,(O°CH,),°C,HO,. 
The same substance has been since shown by E. Schmidt (Apoth. Zeit., 
1901, 16, 619) to be present in oil of lemon, and this observation is 
confirmed by the experiments of Burgess (Proc., 1901, 17, 171). 

From what follows, it appears that the constitution of limettin is 
similar to that of coumarin, and that the group C,HO, has the struc- 
ture of an unsaturated lactone ring, corresponding to that of coumarin. 
Limettin is, in fact, 4 : 6-dimethoxycoumarin, isomeric with dimethoxy- 
ssculetin and daphnetin, 

O-CH, 
(oH:c8 
5 OHO / 

This view of its constitution is supported by the facts, recorded 
in the previous paper, that limettin is soluble in strong alkali solu- 
tions and is reprecipitated unchanged by acids, and that the products 
of fusion with potash are phloroglucinol and acetic acid. 

The dibromo-derivative, when treated with alkali, readily yields 
up one atom of bromine in the formation of the corresponding 
monobrominated coumarilic acid, 


CH:0B OH 
(CH,:0),CHBr< "I > (CHy'0),CgHBr< 0-00, H. 


Di- and tri-chlorolimettin behave in a similar manner. 

Owing to its extreme solubility, the sodium salt of limettin can- 
not be isolated from its aqueous solution, but it is precipitated by 
the use of an alcoholic solutior® of sodium ethoxide. This com- 
pound could not be methylated by the action of methyl iodide, un- 
changed limettin being the only product. From the corresponding 
silver salt, however, a small quantity of a homologue was formed, 
together with a relatively large proportion of limettin. From con- 
siderations which appear later, the homologue has the following 


structure : 
CH:C-CH 
(C H,:0), 0H <a do re 


CO: 
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An attempt was made to synthesise limettin by proceeding from 
the aldehyde from phloroglucinol, described by Gattermann and Kébner 
(Ber., 1899, 32, 280), by condensation with acetic anhydride, but it was 
found that under the conditions tried the saponified product was 
unchanged by the action of methy] iodide. 


EXPERIMENTAL. 


The material required in the following experiments was prepared 
from the same source as the original specimen, namely, the deposit 
which is filtered from commercial oil of limes. As described in 
the first paper (oc. cit.), it melts at 145° and exhibits a distinct 
blue fluorescence, but was never obtained perfectly white. 


Bromo-4 :6-dimethoxycoumarilic Acid. 


Dibromolimettin, boiled with a 10 per cent. solution of aqueous 
potash, readily dissolved, and the solution, after cooling, gave a 
copious precipitate when acidified. The substance, recrystallised 
from acetic acid, exhibited acid properties and melted at 239°. 

Dibromocoumarin, when similarly treated, behaves in exactly the 
same way, and yields monobromocoumarilic acid. 

Representing dibromolimettin by the formula 


CH:CBr 


(CH,*0),C, HBr< O—CO ’ 
the corresponding coumarilic acid is (CH ,°0),0,HBr<O4S0-00,H : 


0°3052 gave 0°4900 CO, and 0°0786 H,O. C=43°79; H=2°86. 
03396 ,, 02100 AgBr. Br=26°31. 
C,,H,0,Br requires C = 43°85 ; H=2'99 ; Br= 26°57 per cent. 

The potassium salt crystallises from dilute alcohol in fine, white 
needles : 

0°4872 gave 0°1238 K,SO,, K=11°6. 

C,,H,O,BrK requires K =11°5 per cent. 

A solution of the above salt in methyl alcohol, heated with 
methyl iodide, gave an easily saponified ester in the form of white 
needles melting at 181° : 


0°1784 gave 0-1068 AgBr. Br< 25-48. 
C,,H,,0,Br requires Br = 25°39 per cent, 
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‘ CH:CBr 
4 : 6-Diacetyltribromocoumarin, (C,H,0,),C,Br, ‘ 


The ultimate bromination product of limettin is obtained by heat- 
ing the dibromo-compound with bromine under pressure. 

Five grams of dibromolimettin, 5 grams of bromine, 2 grams of 
iodine, and 3 c.c. of water were heated in a sealed tube at 110° for 
3 hours. The resulting garnet-red crystals dissolved in cold alkali, 
but on heating the solution they decomposed. Nitrobenzene was 
found to be the only available solvent, and analysis showed the 
recrystallised substance to be still impure. On boiling these crys- 
tals, presumably consisting of the tribromodihydroxycoumarin, with 
acetic anhydride and allowing the solution to cool, white prisms 
were deposited, which crystallised from acetic acid and melted at 244°: 


0°2432 gave 0°2812 CO, and 0:0305 H,O. C=3156; H=1°39. 
02272 ,, 0°2570 AgBr. Br=48°14. 
C,,H,O,Br, requires C= 31:26; H=1°40; Br=48-09 per cent. 


lane H:CH 
Monochlorolimettin, (CH,-0),0,HO<? iO j 


This compound is obtained when, in the preparation of trichloro- 
limettin, the current of chlorine is stopped as soon as the precipitate 
first formed has reached a maximum and re-solution begins. The 
precipitate crystallises from acetic acid in needles which melt at 
242°.  Long-continued boiling with 10 per cent. aqueous potash 
solution or with alcoholic potash has no effect on the halogen atom: 


0°1462 gave 0°2934 CO, and 0:0446 H,O. C=54-71; H=3°39. 
0°1954 ,, 01168 AgCl. Cl=14°79. 
C,,H,0,Cl requires C=54°88 ; H=3-74 ; Cl=14-76 per cent. 


CH:CCl 

Dichlorolimettin, (CH,*O),C,HCl ha + 
The final product of the action of chlorine on limettin appears to be 
the trichloro-derivative, whether in the presence of a “ carrier” or 
not. The precipitate first formed when a few crystals of iodine are 
added has, however, very different properties from the monochloro- 
compound. It is much less soluble in acetic acid, and one atom of 

chlorine is removed from it by alkali, It melts at 275°: 


0°1358 gave 0:2396 CO, and 0°0324 H,O, C=4812; H=2°65. 
01546 ,, 0°1592 AgCl. Cl=25-48. 
C,,H,0,Cl, requires C= 48°0 ; H=2°9; Cl=25°81 per cent, 


We SSE naa 


“ 
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The monochlorocoumarilie acid, (CH,-0),C,HO<CHS0-00,H, ob- 
tained from dichlorolimettin by the action of alkali, melts at 189°: | 


0:1278 gave 0°2410 CO, and 0°0434 H,O, C=51:11; H=3°77. 
01410 ,, 00796 AgCl. Cl=13°96. 
C,,H,0,Cl requires C=51°46 ; H=3°5; Cl=13-84 per cent. 


The dicklorocoumarilio ‘acid, (CH,‘0),0,01<p>0-00,H, is 


formed by the action of alcoholic or aqueous potash on trichloro- 
limettin. It melts at 259°: 


0'2249 gave 0°3760 CO, and 0:0590 H,O. C=45°59; H=2°91. 
02244 ,, 02188 AgCl. Cl= 24:11. 

C,,H,0,Cl, requires C= 45°36; H=2°74; Cl= 24-4 per cent, 

— , CH:CH:CO,Na 
Disodium 4 : 6-dimethoxycoumarate, (CH,*0),0,H. <on,, ata 

The sodium salt of dimethoxycoumaric acid separates out on heating 
an alcoholic solution of limettin with excess of sodium ethoxide on the 
water-bath. It is insoluble in absolute alcohol, but extremely soluble 
in alcohol containing a very small quantity of water. Washed with 


absolute alcohol, the salt exhibits a strongly alkaline reaction to litmus 
paper, owing probably to adhering ethoxide ; 


0:8968 gave 0°4902 Na,SO,. Na=17°60. 
C,,H,,0,Na, requires Na= 17°16 per cent. 


The silver salt is obtained by adding an excess of silver nitrate solu- 
tion to the sodium salt dissolved in water. It is insoluble in water 
and the usual organic solvents : 


0:3022 gave 01976 AgCl, Ag=49-21. 
C,,H,,0,Ag, requires Ag = 49°31 per cent. 


: . CH:C-CH, 
4 : 6-Dimethoxy-a-methylcoumarin, (CH,°O),C,H, ‘ 


The sodium salt of limettin, when heated with absolute alcohol and 
methyl iodide on a water-bath, gave only regenerated limettin. The 
same result was also obtained by heating at 100° in a sealed tube, but 
by heating the silver salt suspended in methyl alcohol with methyl 
iodide for 3 hours, evaporating the alcohol off, and recrystallising the 
residue from acetone, white tufts of needles were deposited which 
melted at 189°. The mother liquor contained limettin. The new sub- 
stance is soluble in boiling alkali, but is precipitated unchanged by 
acids. Analyses showed the substance io be a hcmologue of limettin ; 
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0°2294 gave 0°5474 OO, and 01124 H,O. C=64:98; H=5-44. 
0°1368 ,, 03278 CO, ,, 0°0664H,O. C=65°34; H=5-39. 
C,.H,,0, requires C= 65°45 ; H=5-45 per cent. 


Dimethoxy-a-methyl-B-bromocoumarin, (CH,*O),C,H, nal 


A solution of bromine was gradually added to homolimettin, both 
dissolved in acetic acid, until the colour of the bromine was permanent. 
The solution poured into water gave a precipitate which crystallised 
from acetic acid in the form of needles melting at 260° : 


0°1340 gave 0°2362 CO, and 0°0422 H,O. C=48:07; H=3'5. 
01882 ,, 01172 AgBr. Br=26°5. 
C,.H,,0,Br requires C=48:16 ; H=3-7; Br=26-75 per cent. 


Dimethoxy-a-methyl-B-hydroxycoumarin, (CH,°O),C,H, 


meen. «4 


O(OH):¢-CH, ‘ 


The bromine atom in the monobromo-compound is readily removed 
by heating with alkali. The product then crystallises from dilute 
alcohol in minute rosettes of needles and melts at 248°. Heated with 
acetic anhydride, the acetyl compound formed melts at 134°. On 
saponification, the original substance was obtained with unaltered 
melting point : 


0°1172 gave 02612 CO, and 0°0542 H,O. C=60°78; H=5:13. 
C,,H,,0; requires C= 61°01; H=5-08 per cent. 


As there is no formation of a coumarilic acid when the substance is 
treated with alkali, the halogen in this compound must occupy the 
B-position relatively to the CO-group, being in this respect unlike the 


halogen derivatives of limettin previously described. 
* 
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LV.—A Method of Determining the Ratio of Distribu- 
tion of a Base between Two Acids. 
By H. M. Dawson and F. E. Grant. 


SrvERAL methods have been employed for determining the ratio of 
distribution of a base between two competing acids. These may be 
divided into®two classes, methods belonging to the one being designated 
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as chemical, and those to the other as physical. Where the system 
under investigation is homogeneous, that is, where the substances are 
all in solution, the physical methods only are capable of application, 
and chemical analysis can furnish no information in regard to the con- 
centrations of the reacting compounds. 

Any physical changes which accompany the chemical phenomena, or 
physical properties which depend on the chemical arrangement of the 
reacting components, can be used for the determination of the equili- 
brium in the solution. The thermal changes accompanying the 
chemical transformations have been utilised by Thomsen ; Ostwald has 
made use of the variations of the specific volume and specific refractive 
power, these three well known methods being of wide application and 
giving fairly concordant results. Jellet (Zrans. Roy. Irish. Acad., 
25, 371) made use of optical rotatory power, and Wiedemann (Ann. 
Phys. Chem., 1878, [iii] 5, 45) of magnetic qualities, to ascertain the 
equilibrium relationships, the range of applicability being in these cases, 
however, very small. Colorimetric and photometric measurements have 
also been employed, the former by Gladstone (Phil. Mag., 1855, [iv], 9, 
535), and by Miiller (Poggendorff’s Ergdnsungsband, 1873, 6, 123), and 
the latter by Settegast (Ann. Phys. Chem., 1879, [iii], '7, 242). The 
colorimetric method appears, however, only capable of yielding results 
of a qualitative nature. 

The theory of the method used by us can be described in a few words. 
An aqueous solution containing two different acids and a quantity of a 
base insufficient for neutralisation may be regarded as containing the 
following components : 


HA MA MA’ HA’ 


HA and HA’ representing the two acids and MA and MA’ the 
corresponding salts. For the sake of simplicity, the electrolytic 
dissociation of the reacting components is left out of account in this 
formulation. If this aqueous solution is shaken up with a liquid with 
which it is practically immiscible, and if this liquid is capable of taking 
up one, and one only, of the four reacting components from the aqueous 
solution, say the acid HA, we have at once a means of determining 
the concentration of each of the components in the aqueous solution if 
the quantities of the two acids and the base in the original solution are 
known. A knowledge of the ratio of distribution of HA between 
water and the second non-miscible liquid will enable us to calculate 
the concentration of the free acid HA in the aqueous solution for any 
given concentration in the second liquid, and since the original quanti- 
ties of the two acids and the base in the aqueous solutions are known, 
the concentrations of the other components can be easily calculated. 
As the result of preliminary experiments, it was found that when 
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aqueous solutions of tartaric, malic, citric, and succinic acids are shaken 
up with chloroform, the acid remains entirely in the water. Solutions 
of acetic acid, on the other hand, give up an easily measurable propor- 
tion to the chloroform layer. Each of the first mentioned acids can 
therefore be combined with acetic acid and the ratio of distribution of 
a base between these can be determined by extracting the aqueous 
solution with chloroform. 


Distribution of Acetic Acid between Water and Chloroform. 


From the preceding description of the method, an accurate know- 
ledge of the ratio of distribution of acetic acid between water and 
chloroform is requisite. The mode of experimentation was the follow- 
ing. Sixty c.c. of acetic acid solution and 60 c.c. of freshly distilled 
chloroform were introduced into a cylindrical separating funnel, which 
was immersed in a thermostat maintained at 20°. At intervals of 
about five minutes during a period of three-quarters of an hour, the 
funnel was removed and the contents violently agitated. The chloro- 
form and aqueous solution were then allowed to separate completely 
by leaving the funnel in the thermostat for half-an-hour, after which 
the two layers were run off into separate stoppered tubes. Measured 
portions were then titrated, the aqueous layer with WV/4, and the 
chloroform layer with N/40 sodium hydroxide, free from carbon 
dioxide. The results obtained are given in the following table, the 
concentrations being expressed in gram-equivalents per litre : 


Concentration of aqueous | Concentration of chloro- _G, 
layer. form layer. =F ° 
C;. Cy. ° 
1°535 0°2277 6°74 
0°9084 0°08904 10°21 
0°6089 0°04557 13°37 
0°3178 001576 20°17 
0°2696 0°01222 22°07 
0°2515 0°01109 22°68 
0°1946 0007586 25°66 
0°1591 0°005608 28°36 
0°1269 0°004061 31°23 
0°09594 0°002848 83°68 
0°06445 0°00174 87°04 


It is evident from the numbers in the last column that the ratio of 
distribution of the acetic acid varies very considerably with the con- 
centration, and that the proportion of acid in the aqueous layer 
increases as the absolute amount decreases. This is perhaps due to 
the acetic acid dissolved in the chloroform consisting largely of double 
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molecules, whereas in water, neglecting the small amount of electrolytic 
dissociation, the acid is present in the form of simple molecules. The 
C; 
C; 
to a gradually increasing dissociation of the double molecules in the 
chloroform into simple molecules. 

In order to be able to determine the concentration of acetic acid in 
water for any given concentration in chloroform, the graphic re- 
presentation in the figure has been made use of. In this diagram the 
concentration of the acetic acid in the chloroform C, is represented on 
the abscissa, and the distribution ratio g on the ordinate. The diagram 
contains only the data for the smaller concentrations. Multiplication 
of any value of C,, by the corresponding value of g gives at once the 
concentration of acetic acid in the water layer. 


increase of the ratio — with increasing dilution would then correspond 


Influence of Dissolved Acids and Salts on the Distribution of Acetic 
Acid between Water and Chloroform. 


In the actual experimental determination of the ratio of distribution 
of sodium hydroxide between acetic, and, say, tartaric acids by the 
method indicated above, it must be remembered that the aqueous 
layer contains free tartaric acid and sodium salts of the two acids. 
The presence of these may influence the ratio of distribution of the 
acetic acid between the water and the chloroform, in which case a 
correction would have to be made in the value of g given by the curve 
before the concentration of the free acetic acid in the aqueous layer 
could be calculated for a given concentration in the chloroform. To 
ascertain the order of magnitude of this influence, experiments ~have 
been made on the quantity of acetic acid extracted from aqueous 
solutions containing (1) sodium acetate, (2) tartaric acid. It is 
obviously impossible to determine experimentally the influence of 
sodium tartrate on the distribution of the acetic acid between the two 
liquids, for acetic acid would partially displace the tartaric acid from 
the salt. It may be assumed, however, that its influence will be ap- 
proximately the same as that of sodium acetate. 

The experimental data are collected in the following table, the effect 
of the sodium acetate or tartaric acid on the distribution of the acetic 
acid being clearly seen by a comparison of the values of g’ with those 
of g, the latter being taken from the curve on p. 516. The corre- 
sponding values of g’ and gq are the ratios of distribution for the same 
concentration of acetic acid in the chloroform when the aqueous layer 


contains either tartaric acid or sodium acetate, or is free from these 
substances : 
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Concentration 
of acetic acid 
in aqueous 
| solution, C;. 


Concentration 
of acetic acid in 
chloroform, C,. 


Concentration of foreign 
substance in aqueous 
solution. 


0°3012 0°014382 21°03 

0°2505 0°01069 23°45 

0°1991 0°007554 26°36 

. = 0°1008 0°002938 34°31 
0°25 NV tartaric acid 0°2363 0°01021 23°16 


The differences between the values of g’ and q indicate that the 
sodium acetate and tartaric acid in the aqueous solution have some 
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influence on the ratio of distribution of acetic acid between water and 
chloroform. In all the experiments the influence exerted is, however 
very slight, and since the chief object of this paper is to describe 

new method of determining the distribution of a base between two 
acids rather thar to establish more accurate values, we have assumed 
the influence of dissolved salts and second acid on the distribution as 
negligible. 
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Determination of the Acetic Acid extracted by Chloroform from Aqueous 
Solutions containing Equivalent Quantities of Acetic Acid, Sodium 
Hydroxide, and a Second Acid. 


Solutions of the various acids and of sodium hydroxide of as nearly 
as possible normal concentrations were prepared. The acids were 
carefully purified, and the solution of alkali was made from metallic 
sodium. If equal volumes of normal solutions of sodium hydroxide, 
acetic acid, and, say, tartaric acid, are mixed, and the resulting solution 
is shaken up with chloroform, then since the latter extracts a ceriain 
amount of the acetic acid from the aqueous solution, this will no longer 
contain the base and the two acids in equivalent quantities. To com- 
pensate for the acetic acid thus extracted by the chloroform, this acid 
was added in slight excess to the original solution, so that the latter after 
being shaken up with chloroform would contain the acetic acid in 
amount equivalent to the base and the other acid present. The 
quantity of acetic acid thus required in excess of the other acid was 
determined approximately by consideration of the curve. 

The exact method of experimentation and calculation will be seen 
best if one of the determinations is considered in detail. 

Twenty c.c. of W-tartaric acid, 20 c.c. of N-sodium hydroxide, and 
20°7 c.c. of W-acetic acid were introduced into a graduated flask and the 
mixture diluted to 100 ¢.c. ; 60 c.c. of this solution were then shaken up 
as previously described with 60 c.c. of chloroform. Titration of the 
aqueous layer gave 01990, that of the chloroform 0°005632 gram equi- 
valents per litre. From the first titration number, we may write down 
the concentrations of the acids and base in the aqueous solution. In 
gram-equivalents per litre they are 0°200 of tartaric acid, 0°200 of 
sodium hydroxide, and 0°199 of acetic acid. From the curve, the 
distribution ratio of acetic acid between water and chloroform at a 
concentration in the latter solvent of 0°005632 gram equivalents per 
litre is found to be 28°3. The product, 28°3 x 0:005632 = 0°1593, gave 
the concentration of the free acetic acid in the aqueous layer. The acetic 
acid present as sodium acetate is (0°199 — 0°1593) = 0-0397 gram-equiva- 
lents per litre, and this number represents also the concentration of 
the free tartaric acid. Finally, the tartaric acid in combination with 
the base is (0:200 — 0:0397) =0°1603 gram-equivalents per litre. The 
ratio of the amount of tartaric to that of acetic acid in combination 

0°1603 


with the base is therefore 00397 4°04, 


Similar experiments on the distribution of sodium hydroxide between 
acetic and tartaric acids to that just described have been carried out 
at other concentrations. In the strongest solution, the concentration 


518 DAWSON AND GRANT: A METHOD OF DETERMINING THE 


of each of the two acids and the base was 0°3 W, in the next 0°25 N, 
in the third, 0:2 JV, and in the most dilute solution, 0-1 WV. 

The same concentrations were employed in corresponding series of 
experiments, in which the tartaric acid was replaced successively by 
citric, malic, and succinic acids. The tabies on p. 519 contain the 
data calculated from the experiments. The first column gives the 
concentrations of the two acids and the base in the aqueous solution 
after shaking up with chloroform; the second gives the.concentration 
of the acetic acid in the chloroform layer ; the third, the corresponding 
value of the distribution coefficient g. In the fourth, the concentra- 
tions of the free acids in the aqueous solutions are given, the fifth 
containing that of the combined acids, all concentrations being ex- 
pressed in gram-equivalents per litre. The last column contains the 
ratio of the amount of combined tartaric (citric, malic, succinic) acid 
to that of the combined acetic acid. 

The accuracy attainable in the determifiation of the ratio given in 
the last column is smaller the smaller the concentration, the amount 
of acetic acid in the chloroform layer decreasing rapidly with 
the concentration of the solutions and becoming very small when 
the acids and base are present in 0°1 N-concentration. For this reason, 
experiments with 0°1 N-solution were not carried out in the case of 
malice and succinic acids, 

An assumption, not yet mentioned, has been made in connection 
with the calculation of the above results, namely, that no sensible 
change of volume takes place in the aqueous solution when the latter 
is shaken up with an equal volume of chloroform. Herz (Ber., 1898, 
31, 2669) found that, at 22°, 100 volumes of water dissolve 0-42 
volume of chloroform, whilst 100 volumes of the latter are capable of 
taking up 0°152 volume of water. We may conclude that the aqueous 
solution on being shaken up with chloroform undergoes a slight altera- 
tion of volume. ‘To ascertain the order of magnitude of this alteration 
under our conditions of experimentation, 0°25 J-citric acid solution 
was shaken up at 20°, with an equal volume of chloroform and the 
concentration of the acid in the aqueous solution compared with that 
in the original solution. The concentrations were : 


Original solution...............++ 0:2519 gram-equivalents per litre. 
After shaking with chloroform 0°2508 _,, a a 


The volume of the aqueous solution then undergoes a slight increase 
after shaking with the chloroform, but for the reason previously stated 
this small alteration has not been taken into account in the above 
calculations. 

Although an attempt was made to obtain solutions containing the 
acids and base in exactly equivalent quantities, inspection of the 
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| 
Concentra- : Ratio of 

Composition tion of Concentration of pore oe ra Og quantities 

of aqueous jaceticacid| g. | free acids in (e eenian of 

solution. in | aqueous solution. soletio: combined 
chloroform. ” acids, 
0°800 tartaric ‘ R , 

? ' .q | f'Tartaric 0°0558 | Tartaric 0'2441 ) 
0300 NaOH | 0'0108 | 22°9 | Acetic 0:2473 | Acetic o-0558s| 488 
0°250 tartaric . : 

: : ’ Tartaric 0°0447 | Tartaric 0°2058 b 
Fat | 700822 | 25°0 | Acetic 0°2055 | Acetic o-osa7s| 4°59 
0°200 tartaric : . 

; ' ’ Tartaric 0°0397 | Tartaric 0°1603 4 
0200 NaOH | 0°005682 | 28°3 | Acetic 0°1593 | Acetic 0-0397f| *°0# 
0°100 tartaric . 

‘ , ‘ Tartaric 0°0235 | Tartaric 0°0765 - 
0°00 NaOH | 0°00224 | 84°9 | Acetic 0-0782 | Acetic 0-235 f| 2°26 
Acetic and Citric Acids, 
peered 000700 264 | {ei 0°1216 | Citric 0°1799 1°50 

0°3049 acetic | Acetic 01848 | Acetic 0°1201 
to , {Gitsic 91040 | Citric 91472) y.4g 
0°2522 acetic Acetic 0°1494 | Acetic 0°1028 

0°201 citric Poe ai 

d , . Citric 0°0815 | Citric 0°1195 . 
ao. | oe i ‘Aetie 01178 | Acetic o-ogoss| 1°48 
0°1005 citric prewee - 

; , .q |fCitrie 0°0485 | Citric 0°0570 4 
oe Pom oe Ht 00574 | Acetic o-o4s0f| 1°38 
Acetic and Malic Acids. 

0300 malic . . 

; ‘ : Malic 0°0942 | Malic 0°2058 P 
Fangs ACH | 07008204 | 25°0 | Acetic 0-2051 | Acetic o-opaaf| 2°08 
0°250 malic , . 

‘ , , Malic 0°0825 | Malic 0°1675 
Dany NAOH | 0°006046 | 27°7 | Acetic 0°1675 | Acetic 0-0825f| 2°08 
0°200 malic . . 

‘ , ; Malic 0°0662 | Malic 0-°1338 > 
OOF at, | 97004886 | 80°5 |) Acetic 01887 | Acctic o-0se2s| 2°02 
Acetic and Succinic Acids. 

03006 succinic rays ie 

, : Succinic 0°1444 | Succinic 0°1562 > 
Dado MOH | 0005504 | 284 | Acetic 6-1589 | Acetic 0-1488}| 109 
0°300 succinic ie 5d 

; ? Succinic 0°1410 | Succinic 0°159 4 
Dane NAOH | 0005781 | 28'1 |) Acetic 0-1624 | Acetic o-141 f| 218 
0°2505 succinic aa %' 

? ‘ . Succinic 0°1218 | Succinic 0°1292 a 
Daeg AOH | 07004852 | 80° 1) Acetic 01827 | Acetic 0-1200f| 107 
0°2004 succinic Meh: ae 
0200 NaOH | 0-003078 | 33-4 |f Succinic 0°0964 | Succinic 0°1040 1°08 


0°1986 acetic 


Acetic 0°1026 


Acetic 0°0960 
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numbers in the first column will show that this is only approximately 
the case. The greatest deviations are found in the first and third 
experiments with citric acid. It is possible by applying the law of 
mass action to the equilibrium in the solution to correct for these 
deviations from exact equivalency. This has been done in the case 
of the experiments mentioned, but the corrected values (1°51 and 1-47) 
differ to an inappreciable extent from the numbers (1°50 and 1:48) 
actually obtained. The differences are well within the errors of 
experiment and the numbers given in the last column may accordingly 
be taken to represent the ratios of the combined acids when these are 
present in equivalent quantities. 

It may be of interest to compare the above numbers with the values 
of the ratio of distribution obtained by other static methods. The 
results obtained by the thermochemical method are scarcely accurate 
enough to admit of a rigorous comparison. Ostwald’s measurements 
of volume and specific refractive power were made at approximately 
N/3 concentration, and those on the solution of calcium oxalate by 
different acids at V and 1/10 concentrations. The following table 
contains the data which may be regarded as comparable, the older 
numbers having been recalculated so as to make acetic acid the basis 


of comparison : 


New method. 
Concentration 


Volume method 
(Ostwald). 
Concentration 


New method. 
Concentration 


Calcium oxalate 
method 
(Ostwald). 


Concentration 
071 N. 


0°3 N. 0°33 NV. 01 XN. 


3°26 


1°33 


Succinic rm 
1:00 


Acetic 


The first two series of numbers agree very well, but at the smaller 
concentration considerable deviations arefound. This is to be expected 
since the two series of values given by Ostwald can scarcely be reconciled 
with each other. Such large changes in the relative values are scarcely 
probable for such a small change of concentration. 

Finally, it may be pointed out that the above method of experimenta- 
tion will serve equally well to determine tbe ratio of distribution of an 


acid between two bases. The necessary condition is that some liquid, 
not miscible to any extent with water, can be found, which will 
extract in conveniently measurable quantity one of the four reacting 
components. It can be shown that even if two of the components, 
say the two acids, are extracted by the second liquid, yet under 
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certain conditions the ratio of distribution of the base in the aqueous 
solution can be measured. 

Suppose that of the components HA, MA, MA’ and H4’, present 
in the aqueous solution, HA and HA’ are taken up by the second 
liquid. Let g be the ratio of distribution of HA, and q’ that of HA 
between water and the second liquid. Suppose in any experiment, 
the total concentration of acid in the second liquid =C,, then C, = 
Cus +Cyza, and the concentration of free acid in the water =C,, 
then C, =qC xz, +9Cus. From the values C, and C,, determined 
experimentally, it will obviously be possible to calculate the concen- 
trations of each of the two acids in the second liquid, and therefore the 
concentrations of the free acids gC,, and q’Cy, in the aqueous 
solution, provided the values of the distribution ratio g and gq’ are 
sufficiently different from each other. In the case where g=q’, 
then the individual concentrations of the two acids cannot be deter- 
mined at all. It is supposed, in this description of the method, that 
the presence of the dissolved salts and second acid in the water, and 
that of the second acid in the chloroform, has no effect on the dis- 
tribution of the first acid and vice versd. 


THE YORKSHIRE COLLEGE, 
LEEDs. 


LVI.—The Molecular Complexity of Acetic Acid wm 
Chloroform Solution. 


By H. M. Dawson. 


Tue experimental results communicated in the previous paper show 
that the ratio of distribution of acetic acid between water and chloro- 
form increases very considerably with increase of the dilution. It has 
been there suggested that this is due to the gradual splitting up of the 
double acetic acid molecules, which are supposed to be present in 
solvents not containing the hydroxyl group, into simple molecules. 
With the object of testing this assumption, the equation of the dis- 
sociation isotherm has been applied to the acetic acid dissolved in the 
chloroform, the experimental data in the previous paper being utilised 
for the purpose of calculation. As will appear from what follows, the 
concentrations of acetic acid in chloroform which have been used 
correspond to a region of almost complete molecular transformation. 
As before, let c, and c, represent corresponding concentrations of 
acetic acid in water and in chloroform. If a is the degree of dissociation 
of the acid in the aqueous solution at this concentration, then c,(1 —a) 
VOL. LXXXI. NN 
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is the concentration of the undissociated molecules. If 7 is the ratio of 
distribution of the simple molecules between water and chloroform, 


hiss 
af} ~«) will be the concentration of the simple acetic acid molecules 


Tr 
- ¢,(1 — a) H 
in the chloroform, and c, —~ meee that of the associated molecules, 


Applying the law of mass action, the result obtained is : 
\ e,(1 — a) i a 
r c,*(1 — a)? 


e,(1 — 
C, — ic a) 


7¢,—Te(1—a) * 


where X is a constant. 

By taking the second and the seventh experiments (see first table 
in previous paper) as a basis, and assuming that the experimental data 
for these give the same value for X, the value of r is calculated to be 
42°9, 

For each of the eleven experiments on the distribution of acetic 
acid the value of the above expression for the constant X has been 
calculated by inserting the experimental numbers for c, and ¢,, the 
value for r =42°9, and that for a obtained from Ostwald’s dilution 


gC 


formula which, in the case of acetic acid at 26°, is {_." 0:000018. 


The following table contains these values of K as well as the con- 
centrations of the simple and double acetic acid molecules in the 
chloroform, these concentrations being expressed in gram-equivalents 
per litre : 


Concentration of Concentration of Concentration of 
undissociated acetic | simple molecules | double molecules ' # 
acid in water. in CHC),. in CHC]s. 
1°530 0°03565 0°1920 0‘0066 
0°9048 0°02109 0:06795 0°0065 
0°6052 0°01411 0°03146 0°C063 
0°3156 0°007355 0:008405 0°0064 
0°2675 0°006234 0°005986 0°0065 
0:2496 0°005816 0:005274 0°0064 
0°1929 0°004495 0:003091 0°0065 
0°1574 0°003669 00019389 0°0069 
0°1254 0°002922 0°001139 0°0075 
009469 0002207 ' 0000641 0°0076 
0°06336 0°001477 0°000263 0°0083 


The constancy of the values of X in the last column leads to the con- 
clusion that the assumption of a gradual dissociation of the double acetic 
acid molecules in the chloroform into simple molecules with increasing 
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dilution is correct. The maximum and minimum values of X for the 
first eight experiments are 0°0069 and 0:0063 respectively. The 
limiting concentrations of acetic acid in the chloroform which give 
this constant value of K are 0°23 and 0:006 gram-equivalents per 
litre, the ratio of these concentrations being approximately 40 to 1. 
For the most dilute solutions which have been investigated, the 
deviations of X from the mean value are more considerable and increase 
with the dilution, At these very small concentrations, however, it 
must be remembered that the denominator in the first expression given 
above for X, representing as it does the concentration of the double 
acetic acid molecules, is the small difference between two gradually 
decreasing and approximating quantities, and a small error in the 
estimation of the amount of acetic acid in the water and chloroform 
layers would explain this gradually increasing value of X. To show 
that this is the case, we may, for the experimental data at the smallest 
concentration investigated, assume the true value of K to be the mean 
of the values found at the higher concentrations, namely, 0°0065, and 
calculate inversely the concentration of the acetic acid in the chloroform 
layer. We have then in the expression : 


¢,*(1 ~ a)? 
rc, — rc,(1 — a) 


c,=0:06445, a=0°017, r=42°9, from which the value of ¢,, the 
concentration of the acetic acid in the chloroform, is calculated to be 
000181, whereas the number found by experiment is 0°00174. The 
difference is less than 4 per cent., and since in this experiment less 
than 4 c.c. of WV/40 sodium hydroxide were required for the titration 
of 50 c.c. of the chloroform solution, it is obvious that an error of 
about 0°15 cc. in the titration would completely account for the 
discrepancy between the numbers. 

It is of interest to note the considerable difference in the relative 
proportions of the simple and double acetic acid molecules within the 
limits of concentration investigated. At the highest concentration, the 
acetic acid present in the form of double molecules is more than 
five times as large as that present in the form of simple molecules, 
whilst at the lowest concentration the proportion is less than one-fifth. 
The value 42-9 calculated for the ratio of distribution of the simple 
acetic acid molecules between water and chloroform at 20°, when 
compared with the highest ratio of distribution determined experi- 
mentally, 37°04, would indicate that at concentrations only slightly 
less than the smallest actually investigated, the acetic acid in the 
chi-roform would consist practically completely of simple molecules. 
It was not considered advisable to carry out experiments at higher 
concentrations, for the addition of acetic acid to a mixture of chloro- 

NN 2 


= 0-0065, 
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form and water increases the mutual solubility of these liquids, and 
this increase is only terminated by complete miscibility. 

A similar dissociation of the double molecules of acetic acid into 
simple ones has been observed in benzene solutions (Nernst, Zeit. physikal. 
Chem., 1891,8, 110 ; Hendrixson, Zeit. anorg. Chem., 1897, 18, 73). Such 
results are interesting from the fact that it is generally assumed that 
substances containing the hydroxyl group, when dissolved in liquids 
which do not contain this group, are polymerised. It would appear, how- 
ever, that such a polymerisation is essentially dependent on the concen- 
tration, and that if the latter is sufficiently decreased these substances 
containing the hydroxyl group will assume the simplest molecular con- 
dition. Further interest is attached to the results in view of the recently 
expressed opinion (Walden and Centnerszwer, Zeit. physikal. Chem., 
1902, 39, 513) that substances entering into solution have quite generally 
the tendency to form polymerised molecules or complex associated mole- 
cules in which one or more molecules of the solvent are contained. 

It may be noted, finally, that the distribution method is par- 
ticularly well suited for the investigation of molecular dissociation 
phenomena, which only take place at high degrees of dilution. The 
freezing point and boiling point methods, which are convenient for 
more concentrated solutions, are in such cases quite useless. 


THE YORKSHIRE OOLLEGE, 
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LVII.—The Existence of Polyiodides in Nitrobenzene 
Solution. I. 


By H. M. Dawson and R. Gaw_er. 


In the course of some experiments on the ratio of distribution of 
iodine between nitrobenzene and a solution of potassium iodide, one of 
us obtained some apparently very peculiar results, and the inquiry 
into the cause of these abnormalities has furnished the material 
contained in the following paper. 

The nature of the observations which served as the starting point of 
our investigation may be stated very briefly. A series of experiments 
was carried out in which a mixture of 20 c.c. of nitrobenzene and 30 
e.c. of WV/10 potassium iodide solution was shaken up with gradually 
increasing quantities of iodine, and the amount of iodine in each layer 
determined by titration with sodium thiosulphate. The numbers 
obtained are given below, the concentrations being expressed in grams 
per litre : 
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Aqueous solution. Nitrobenzene. Aqueous solution. § Nitrobenzene. 
03890 gram 14°79 grams 1161 grams 82°83 grams 
07117, 30°89, 1157S, 140°4 ” 
09872 ,, 49-0 ” 07731 ,, 1685 ” 
1-073 ” 56°63, 0°7567 ,, 187°4 ” 


It will be observed that as the amount of iodine added to the 
mixture increases, the iodine concentration in the aqueous solution at 
first increases, passes through a maximum, and then decreases. The 
only possible explanation of this peculiar phenomenon ssemed to be 
that the nitrobenzene extracts the potassium iodide from the aqueous 
solution, thereby diminishing the solvent power of the latter for 
iodine. Distillation of some of the nitrobenzene solution at once 
proved the correctness of this assumption, for a considerable quantity 
of potassium iodide was left behind. 

Experiments were then carried out to ascertain how the quantity of 
potassium iodide thus taken up froma given volume of the aqueous 
solution by the nitrobenzene depends on the volume of the latter 
and on the quantity of iodine added. In the first series, the volume 
of the nitrobenzene was constant, namely, 20 c.c., this being shaken 
up at constant temperature (20°) with 50 c.c. of V/10 potassium iodide 
solution after addition of an accurately weighed quantity of iodine. 
After the attainment of equilibrium, a measured portion of the 
aqueous solution was evaporated, and in this manner the quantity of 
potassium iodide remaining in the latter was determined. The numbers 
obtained are collected in the following table: 


: Potassium iodide in Potassium iodide 
samino one. aqueous solution. in nitrobenzene. 

—_ 0°8317 gram _ 

1°00 grams 0°5584 ,, 0°2716 gram 
i a 0°4497 ,, 0°3803_ ,, 
2°00 ,, 03561 ,, 0°4739 ,, 
2°50 5, 0°2729 ,, 0°5571 ,, 
3°00 5, 0°2064 ,, 0°6236 ,, 
3°50 ,, 0°1549 ,, 0°6751 ,, 
(5°00) ,, 00680 ,, 0°7620 ,, 


In the last experiment, the iodine added to the system was not com- 
pletely brought into solution, although the liquids were shaken for a 
very considerable time. The numbers given for the potassium iodide 
in the nitrobenzene are obtained by subtraction (50 cc. of 4/10 
potassium iodide solution containing 0°83 gram of potassium iodide). 

From the above table, it is clear that addition of iodine results 
in} the transference of potassium iodide from the aqueous solution 
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to the nitrobenzene. As the amount of iodine increases, the quan- 
tity of potassium iodide extracted from the aqueous solution also 
increases, although less rapidly, as is seen by the fact that the first 
gram of iodine causes the removal of 0°27 gram, the second of 0-20, 
and the third only of 0°15 gram of potassium iodide. The last experiment 
shows further that almost the whole of the iodide in the aqueous 
solution can thus be removed by the nitrobenzene if a sufficient 
quantity of iodine is added. - 

In a second series of experiments, the same quantity, namely, 2 grams, 
of iodine was added to the 50 c.c. of V/10 potassium iodide solution 
(containing 0°83 gram of potassium iodide), whilst the volume of the 
nitrobenzene was varied ; the numbers are tabulated below: 


Volume of nitrobenzene in c.c. 20. 30. 40. 50. 
Gram of potassium iodide in 
50 c.c. aqueous solution after 


shaking with nitrobenzene... 03561 0°3346 0°3220 0-3130 


The numbers indicate that the amount of potassium iodide extracted 
from the aqueous solution by the addition of a fixed quantity of iodine 
increases with the volume of nitrobenzene employed. This increase 
is, however, relatively small, and it is evident that the most important 
factor in the determination of the amount of potassium iodide extracted 
from the aqueous solution is the quantity of added iodine. We may 
now give the results of a third series of experiments similar to those 
already described, in which, however, the distribution of the iodine, as 
well as that of the potassium iodide between the two liquids, was 
determined. Approximately weighed quantities of iodine were added 
to a mixture of 20 c.c. of nitrobenzene and 50 c.c. of W/5 potassium 
iodide solution. After shaking thoroughly at 20°, the concentration 
of the potassium iodide in the aqueous solution was determined by 
evaporation, and that of the iodine in both layers by titration with 
sodium thiosulphate. The iodine in the nitrobenzene could be de- 
termined quite accurately by means of sodium thiosulphate solution 
and starch paste if well shaken up in a stoppered bottle. The numbers 
contained in the table on p, 527 represent the concentrations in gram- 
molecules per litre. 

The concentration of the potassium iodide in the nitrobenzene was 
determined by difference, neglecting the changes of volume which 
take place in the two solvents; in the case of the more highly 
concentrated solutions, these may, however, attain a considerable 
magnitude, and the numbers in the third column are certainly too 
low. The table shows clearly that the apparently abnormal varia- 
tion of the iodine concentration in the aqueous solution which is 
seen in the numbers in the third column is due to the removal of the 
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Concen- Concen- 
: . Concen- Concen- a ~ 
Iodine added ae _ tration tration Ratio KI 
in grams. $ Kl in I, in in 
— aqueous | nitrobenzene.| nitrobenzene. nitrobenzene 
solution. solution. x 
1°08 0°1618 0°005183 0°09548 0°1866 1°954 
1°71 0°1403 0°007463 0°1494 0°3045 2°038 
1°91 0°1347 0'008474 0°1632 0°3394 2°079 
2°5 0°1192 0°01 0°2019 0°4411 2°185 
3°08 0°1037 0°01117 0°2407 0°5461 2°268 
5°02 00618 0°01226 0°3455 0°8387 2°428 
7°03 0°03287 0°01034 0°4178 1°154 2°764 


i Pepin 


potassium iodide from the aqueous solution by the nitrobenzene, 
whereby the solvent power of the former for iodine is diminished and 
that of the latter increased. The experimental observations which 
formed the basis of the investigation are therefore in all probability 
explained by the great solvent power of nitrobenzene for certain 
polyiodides which are formed, this solvent power being even greater 
than that of water. 

It is perhaps possible to subject the above experimental results to a 
more minute analysis. By means of the equation which determines the 
equilibrium between the iodide, tri-iodide, and free iodine in the aqueous 
solution (Jakowkin, Zeit. physikal. Chem., 1894, 13, 539 ; 1896, 20, 
19 ; Dawson, Trans., 1901, '79, 238), the concentration of the free 
iodine in the aqueous solution can be calculated from the potassium 
iodide, and total iodine concentrations determined experimentally. 
Multiplication of this by the value of the ratio of distribution of iodine 
between nitrobenzene and water, which in two experiments at concen- 
trations of 18 and 35 grams of iodine per litre of nitrobenzene was 
found to be 186°4 and 187-2 respectively, gives us the concentration of 
the free iodine present in the nitrobenzene. That portion of iodine 
in the nitrobenzene which is in chemical combination with the potass- 
ium iodide can thus be determined. On account of the complicated 
nature of the relationships, we have, however, refrained from 
speculations based on these calculations. 

Since the distribution experiments do not give in a simple manner any 
definite information in regard to the existence of any particular poly- 
iodides in the nitrobenzene solution, we have attempted to ascertain the 
nature of these bysolubility determinations. Whilst potassium iodide is 
practically insoluble in nitrobenzene, a preliminary experiment showed 
that if the nitrobenzene contains iodine it readily dissolves a considerable 
quantity of potassium iodide. Before such solubility determinations 
could be carried out, it was necessary to have a method of analysing the 
solutions of iodine and potassium iodide in nitrobenzene. The iodine 
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is readily determined with sodium thiosulphate by shaking in a 
stoppered bottle, Several methods were tried for the estimation of the 
potassium iodide before a sufficiently accurate and trustworthy process 
was discovered. The method finally adopted consists in distilling a 
measured volume of the nitrobenzene solution in steam. Ten c.c. 
or less of the dark brown solution are introduced into a hard 
glass flask, a little water added, and a current of steam passed 
through the mixture, when the iodine and nitrobenzene distil over. 
In about twenty minutes, the whole of the iodine and practically all 
the nitrobenzene have passed over and an aqueous solution of potass- 
ium iodide is left in the flask, the solution being usually slightly yellow 
in colour owing to a little nitrobenzene which remains dissolved. This 
aqueous solution, after cooling, is extracted four or five times with 
carefully purified carbon disulphide to remove the nitrobenzene, 
evaporated to dryness in a platinum basin on the water-bath, and the 
residue gently heated over a free flame, The residue obtained in 
this manner is perfectly white and consists of the potassium iodide 
contained in the nitrobenzene solution subjected to distillation. 
Blank experiments with known quantities of potassium iodide and 
variable quantities of iodine and nitrobenzene showed that this method 
of analysis is capable of yielding good results, 


Solubility of Iodine and Potassium Iodide in Nitrobenzene. 


The solubility determinations were made in a stoppered bottle 
attached to the circumference of a rotating wheel driven by a small 
hot-air engine, The temperature was that of the room, and was there- 
fore not very constant ; but for the object of the investigation this 
was of no consequence. The time of rotation ranged from ten to thirty 
hours, As previously stated, potassium iodide is insoluble in nitro- 
benzene, whilst two determinations of the solubility of iodine gave 
50°71 and 50°53 grams per litre at 16—17°. The mean of these is 
50°62, or 0°200 gram-molecule per litre. The experiments in which 
solutions were obtained containing both iodine and potassium iodide 
can be divided into two series. In the first series, the solubility of 
potassium iodide in nitrobenzene containing different quantities of 
iodine was investigated, the resulting solutions being saturated with 
regard to potassium iodide, but not so with reference to iodine. The 
experiments in the second series relate to the solubility of iodine in 
aitrobenzene containing potassium iodide, these solutions being 
saturated only with regard to iodine. Tables I and II contain the 
solubility numbers,’ the concentrations being expressed in grams and 
gram-molecules per litre ; 
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I. Solubility of Potassiwm Iodide in Nitrobenzene containing Iodine. 


| 
® cat Concentration of potassium 
Concentration of iodine. iodide. P 
: I, mols. 
Retle ral mols, 
Grams Gram-mols, Grams Gram-mols, 
per litre. per litre. per litre. per litre. 
18°02 0°0710 12°31 0°0741 0°985 
29°97 0°1181 19°71 0°1188 0°994 
88°83 0°1531 25°13 0°1514 1°01 
58°25 0°2296 38°70 0°2331 0°985 
71°61 02823 45°41 0°2736 1°03 
144°2 0°5684 81°98 0°4939 1°15 
144°3 0°569 80°38 0°484 1°18 
210°8 0°831 111°4 0°671 1°24 
411°2 1°621 164°0 2 0°988 1°64 
597°8 2°357 211°9 1°276 1°85 
658°8 2°596 221°0 1°331 1°95 
695°8 2°743 235°7 1°420 1°93 


It is interesting to note what relatively large quantities of iodine and 
potassium iodide can be dissolved in nitrobenzene when both of these 
substances are present together. Although potassium iodide itself is 
insoluble, and iodine only dissolves to the extent of 50 grams per litre, 
yet the most concentrated of the above solutions contains about 
240 grams of potassium iodide and 700 grams of iodine. The action 
of chemical affinities, resulting in the formation of polyiodides, is 
obviously the cause of these remarkable solubility phenomena. The 
last column in the table furnishes us with a means of ascertaining the 
nature of the complex compounds. In the first five experiments, the 
molecular ratio of iodine to potassium iodide is constant and equal to 
unity ; in other words, at low concentrations one molecule of potassium 
iodide dissolves in the nitrobenzene for each molecule of iodine present. 
The conclusion to be drawn from this is that the triiodide, KI,, is 
formed. The amount of potassium iodide which dissolves when the 
nitrobenzene contains more than about 0°3 gram-mol. of iodine per 
litre is, however, less than the molecular equivalent, and with increas- 
ing iodine concentration the molecular ratio of iodine to potassium 
iodide continually increases, attaining a value nearly twice as great as 
that which it has in the dilute solutions. There is here undoubted 
evidence of the formation of a higher polyiodide (or polyiodides), but 
its composition is not determinable from the available data. 

The data in the table on p. 530 refer to solutions saturated with regard 
to iodine, but not to potassium iodide. Under these circumstances, 
it will be observed that a solution can be obtained containing 
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IL. Solubility of Iodine in Nitrobenzene containing Potassium Iodide. 


Concentration of iodine. Concentration of potassium 
iodide. 
re Ratio T, mols. 
K mols, 
Grams Gram-mols. Grams Gram-mols. 
per litre. per litre. per litre, per litre. 

112°7 0°4439 12°35 0°0744 5°97 (3°28) 
1793 0°7065 24°35 0°1467 4°82 (3°45) 
295°7 1°166 45°56 0°2745 4°25 (3°52) 
404°7 1°595 65°56 0°395 4°04 
511°7 2°017 82°60 0°4976 4°05 
698 °2 2°752 115°8 0°698 3°94 
851°0 3°355 143°1 0°862 3°89 
941°8 3°713 156°6 0°943 3°94 
943°6 3°719 1552 0°935 3°98 


approximately 950 grams of iodine and 160 grams of potassium iodide 
per litre. On comparing one of these solutions with one of those in 
the first solubility table containing approximately the same quantity 
of iodine, it is found that the corresponding quantities of potassium 
iodide are very different. For this purpose, we may take the solutions 
containing 700 grams of iodine per litre. When this solution is 
saturated with reference to potassium iodide, it contains 236 grams of 
the latter per litre ; but when it contains 700 grams of iodine, and is 
saturated with regard to this substance, then it contains only 
116 grams of potassium iodide. The last column in the table shows 
that the molecular ratio of iodine to potassium iodide at first decreases 
rapidly with increasing concentration, and then becomes practically 
constant. Within the errors of experimient, the value of this 
molecular ratio for the last six solubility determinations is equal to 
four. It must be pointed out that the theoretical treatment of the 
solubility data in this case where the solutions are saturated with 
regard to iodine, is not so simple as in the case where they are 
saturated with reference to potassium iodide. The reason of this is to 
be found in the fact that, whereas potassium iodide is practically in- 
soluble in nitrobenzene, iodine at the ordinary temperature dissolves to 
the extent of 0:2 gram-mol. per litre. Before it is possible, therefore, 
to draw conclusions with regard to the nature of the chemical com- 
plexes, the formation of which is the cause of the greatly increased 
solubility of the iodine, we must take account of the quantity of iodine 
which is present in the nitrobenzene solution in the free and un- 
combined condition. To do this quantitatively is a matter of some 
difficulty. Jt may safely be said that the free iodine concentration 


POLYIODIDES IN NITROBENZENE SOLUTION. I. 531 


which corresponds to the condition of saturation with regard to solid 
iodine, will diminish as the solution becomes more concentrated 
with respect to the other components of the solution, namely, the 
polyiodides, and in the most concentrated solutions represented in 
the previous table is probably much smaller than in pure nitro- 
benzene, A continually decreasing quantity must therefore be sub- 
tracted from the total iodine concentration as the solution increases 
in concentration, in order to obtain the quantity of iodine which 
has entered into chemical combination with the potassium iodide. 
With the data at disposal, it is, however, impossible to determine the 
quantity of iodine which must in this manner be subtracted, The 
numbers in brackets in the last column are the values of the 
molecular ratio of iodine to potassium iodide obtained by subtracting 
from the total iodine concentration the quantity representing the 
solubility of iodine in pure nitrobenzene. These numbers are all less 
than four, and gradually increase with increasing concentration of 
the solution, whilst those representing the ratio of the total iodine to 
potassium iodide are greater than four and gradually decrease. It is 
therefore possible that a knowledge of the true values of the free 
iodine concentration in the various solutions would lead to values of 
the molecular ratio of combined iodine to potassium iodide for the 
dilute solutions approximately equal to four. Assuming that this is 
the true ratio of the chemically combined halogen and potassium 
iodide, the concentration of the free iodine in the various solutions 
can be calculated from the experimental data. In the first, second, 
and third solutions, these concentrations are respectively 0-146, 0°120, 
and 0°068 gram-mol. per litre, whereas in pure nitrobenzene the 
concentration of the saturated solution of iodine is 0°20 gram-mole- 
cule per litre. The sequence of these numbers is obviously that 
which could be theoretically anticipated, and their order of magnitude 
indicates that the correction which would have to be introduced for 
the presence of the free iodine in the more concentrated solutions 
becomes almost negligible. The conclusions to be drawn from the 
relationships exhibited by the solubility data contained in the previous 
table must therefore be based on the following results. In all the 
concentrated solutions the ratio of iodine to potassium iodide is equal 
to four. Taking account of the concentration of the free iodine 
present in the solution, this is probably the value of the molecular 
ratio of combined iodine to potassium iodide in the dilute solutions. 
The correction factor for the free iodine becomes very small in the 
case of the concentrated solutions, and therefore the value of the 
ratio of total iodine to potassium iodide is at once a measure of the 
ratio of combined icdine to potassium iodide. Four molecules of 
iodine are thus found to be chemically combined with one molecule of 
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potassium iodide, and we conclude that the nitrobenzene solution 
contains the polyiodide KI). 

The very concentrated solutions of iodine and potassium iodide in 
nitrobenzene which have been obtained by us are viscous, dark-brown, 
almost black, liquids. Attempts to isolate the polyiodides by cooling 
down the concentrated solutions in a mixture of ice and salt, and by 
the addition of other liquids, such as benzene, carbon disulphide, and 
carbon tetrachloride, have not been successful. Apparently, the only 
effect of the addition of these liquids is to precipitate potassium iodide 
from the solution. It has been observed that the most concentrated 
solutions are very deliquescent, this property being probably character- 
istic of the polyiodides existing in the solution. The crystals of potass- 
ium triiodide obtained by Johnson (Trans., 1877, 31, 249) were found 
to be extremely deliquescent. In some cases, the specific gravities of 
the solutions were determined. The knowledge of the specific gravity, 
combinéd with that of the concentration of the iodine and potassium 
iodide in the nitrobenzene solution, completely determines the relative 
proportions of the three components. These measurements were made 
with the view of ascertaining whether any simple molecular ratio exists 
between the nitrobenzene and theother components in the concentrated 
solutions; but the function of the nitrobenzene is, apparently, 
simply that of a solvent, for the numbers indicate no simple molecular 
relationship. The most concentrated solution examined had a sp. gr. 
2°00. 


Electrical Conductivity of Nitrobenzene Solutions containing Iodine and 
Potassium Iodide. 


From the high value of the dielectric constant of nitrobenzene, 
namely, 36°2 (Turner, Zeit. physikal. Chem., 1900, 35, 403), it might be 
expected that this solvent would have a considerable electrolytic dis- 
sociating power. This should be the case, at any rate, if nitrobenzene 
does not form an exception to the Nernst-Thomson rule. The only 
experiments which have been made in this direction are those of 
Kahlenberg and Lincoln, who investigated the electrical conductivity 
of nitrobenzene solutions containing ferric chloride, stannous chloride, 
bismuth chloride, and antimony trichloride. These solutions were 
found to have a comparatively small conducting power (J. Physical 
Chem., 1899, 3, 12). 

We have investigated the conductivity of nitrobenzene solutions con- 
taining iodine and potassium iodide, and find that the solutions are 
remarkably good conductors of electricity. The method employed was 
that of Kohlrausch, in which an ordinary Arrhenius conductivity vessel 
was used, the resistance capacity of which was 0°1424, and the temper- 
ature 18°. Two solutions were prepared each containing approximately 
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25 grams of potassium iodide per litre, one of them being saturated 
with reference to iodine, the other with reference to potassium iodide. 
When the solutions had become saturated, the solid matter was allowed 
to settle, and 20 c.c. of the solution were introduced into the conduct- 
ivity vessel. The influence of dilution on the conductivity was deter- 
mined in each case by the successive removal of 10 c.c. of the solution 
and addition of 10 c.c. of nitrobenzene. The experimental results are 
given below, the first column giving the concentration of potassium 
iodide in gram-molecules per litre (c), the second the specific conduct- 


000K 
- ), the 


conductivities being expressed in terms of the new unit (Kohlrausch and 
Holborn, Lettvermigen der Elektrolyte). 


1 
ivity (KX), and the third, the molecular conductivity ( 


Solution saturated with regard to Iodine. 


Composition of original solution : 24°60 grams=0°1482 gram-mol. 
potassium iodide per litre ; 175-7 grams=0°6926 gram-mol. iodine per 
litre. 


Molecular concentration 


Molecular conductivity. 
of potassium iodide. 
c). 


Specific conductivity. 1000K 
(X). 


0°1482 0°002814 18°99 
0°0741 0°001552 20°94 
0°03705 0°0008476 22°88 
0°01852 0°000455 24°57 


Solution saturated with regard to Potassium Iodide, 


Composition of original solution : 25:00 grams =0°1506 gram-mol. 
potassium iodide per litre ; 38°39 grams =0°1513 gram-mol. iodine per 
litre. 


Molecular concentration , 2s Molecular conductivity. 
of potassium iodide. Specific “ . (eer) . 
C). 4 Cc - 
0°1506 0°003151 20°92 
0°0753 0°001754 23°29 
0°03765 0°0009276 24°63 
0°01882 00005014 26°63 
0°00941 0°0002662 28°29 
0°00470 00001393 29°61 
0:00235 0'0000726 
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The values of the molecular conductivity increase regularly with 
increasing dilution, but in neither case do these show much indication 
of approximating to a limit which would correspond to complete 
electrolytic dissociation of the polyiodide. The increase in the 
observed molecular conductivity may, however, not only be due simply 
to increased electrolytic dissociation of the polyiodides, for it is possible 
that on dilution the components of the solutions undergo dissociation 
of a non-electrolytic character. That changes do take place on 
dilution'is shown by the experiments on the amounts of potassium 
iodide extracted from a given volume of aqueous solution by different 
quantities of nitrobenzene (p. 526) on addition of a constant quantity 
of iodine. Under the specified conditions, the amount of potassium 
iodide extracted by 50 c.c. of nitrobenzene is about 8 per cent. greater 
than that extracted by 20 c.c., which difference is probably due for the 
most part to changes undergone by the polyiodide in the nitrobenzene, 
A comparison of the conductivities of solutions having the same 
potassium iodide concentration, the iodine concentrations of which are, 
however, in the ratio of 4°5:1 (corresponding solutions in the above 
two tables), shows that the solutions containing the smaller quantity of 
iodine conduct approximately 10 per cent. better than those containing 
the larger quantity. This difference must be partly due to the 
difference in the viscosity of the two solutions and is scarcely sufficient 
to permit of any conclusions being drawn relatively to the nature of the 
components of the two solutions. Comparing the specific conductivities 
of these nitrobenzene solutions with aqueous solutions of binary 
potassium salts of the same concentration, we find that the former 
conduct approximately one-fifth as well as the latter, and must be 
considered as good conductors. 


Freezing Point Determinations, 


In our attempts further to elucidate the character of the solutions, 
some freezing point determinations were made, the results of which may 
be stated here. On account of experimental difficulties in the determina- 
tions, no quantitative conclusions can be drawn from the observations. 
One portion of nitrobenzene was distilled three times in a vacuum, another 
was purified by freezing out three times and distillation in a vacuum, 
but in each case the liquid obtained did not give a constant value for the 
freezing point in successive determinations. Under these circumstances, 
only very approximate measurements could be made. Iodine wasdissolved 
in the purified nitrobenzene, the resulting solution containing about 40 
grams per litre. A portion of this iodine solution was then shaken 
with potassium iodide until saturation was attained, and the solution thus 
obtained containing potassium iodide and iodine in molecular proportion 
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was poured off from the excess of solid matter. The concentration of 
the iodine and of the potassium iodide in this solution was 0°15 gram- 
molecule per litre. The freezing points of the pure nitrobenzene, the 
iodine solution, and the iodine-potassium iodide solution were then 
measured. The difference between the freezing points of the second 
and third solutions, taking the mean result of two series of deter- 
minations, was found to be about four-fifths of the difference between 
the freezing points of the pure nitrobenzene and the iodine solution. 
This relationship corresponds to a considerable dissociation of the 
triiodide which we suppose to be present in the solution. 


Although these measurements do not completely determine the 
nature of these interesting solutions, yet the- solubility deter- 
minations indicate clearly the existence of complex periodides in 
the nitrobenzene solution. The high electrical conducting power 
points to electrolytic dissociation of these complex compounds existing 
in the solution, and the freezing point measurements indicate that 
dissociation takes place to a very considerable extent. 


Tor YORKSHIRE COLLEGE, 
LEEDs. 


LVI{L—The Slow Oxidation of Methane at Low 


Temperatures. 


By Wiuram A. Bonz and Ricnarp V. WHEELER. 


Tue mode in which a hydrocarbon burns in a supply of oxygen in- 
sufficient to completely oxidise it to carbon monoxide (or dioxide) and 
steam has been the subject of much controversy. The view, at one 
time generally held, that under such conditions the hydrogen burns in 
preference to the carbon, can hardly be reconciled with the results of 
experiments on the explosion of ethylene or acetylene with less than 
an equal volume of oxygen (Lean and Bone, Trans., 1892, 61, 873 ; 
Bone and Cain, Trans., 1897, '71, 26). These results indicate that the 
main reaction in the explosion wave may be represented by such 
equations as 

C,H, + O, = 200 + 2H,. 

C,H, + O, 2CO + H,. 

From these and other similar experiments, it is sometimes argued 

that in a limited oxygen supply the carbon of a hydrocarbon burns 


preferentially to the hydrogen ; it should, however, be pointed out 
that the evidence supporting this contention is wholly derived from 
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investigations of the oxidation of hydrocarbons at the high temperatures 
of the explosion wave. The present paper records the results of experi- 
ments on the slow combustion of methane in an oxygen supply just 
sufficient to oxidise the carbon to carbon monoxide, at temperatures 
where the velocity of the reaction is just appreciable. This line of 
inquiry is, we believe, entirely new. 

The reasons for the selection of methane as the most suitable hydro- 
carbon for these studies were as follows: (1) it is the simplest saturated 
hydrocarbon, and its molecule contains only one carbon atom, (2) pre- 
liminary experiments showed that it can be maintained at 480° to 500° 
(temperatures considerably higher than those afterwards employed in 
the oxidation studies) for many days without undergoing the least 
change, and (3) a mixture of two volumes of methane with one of 
oxygen is non-explosive. This was the mixture used throughout our 
experiments. : 

In a preliminary series of experiments, the object of which was to 
determine the most suitable experimental methods for the inquiry, 
the mixture of methane (2 vols.) and oxygen (1 vol.) was circulated 
through a tube containing fragments of unglazed porcelain maintained 
at a constant temperature (between 400 and 450°) in a Lothar Meyer 
furnace. The apparatus involved, however, proved too complicated for 
experiments which necessarily extended over several days continuously ; 
the results, it may be stated, indicated that a portion of the methane 
was burnt to carbon monoxide, carbon dioxide, and steam without 
any liberation of free hydrogen or carbon, Wealso tried maintaining 
the mixture at 300° to 350° in contact with palladium black, but the 
‘catalytic’ effect of the metal introduced complications which made it 
difficult for us to follow the real cause of the reaction.* 

We finally resorted to the simple expedient of sealing the mixtures of 
methane and oxygen, under atmospheric pressure, in cylindrical bulbs 
of boro-silicate glass with capillary ends ; the bulbs were afterwards 
maintained at constant temperatures (between 300° and 400°) for 
several days in an air-bath, until the whole or a part of the oxygen had 
disappeared. The cooled bulbs were subsequently opened under mercury, 
any change in volume (always a contraction) noted, and the residual 
gas withdrawn for analysis. We were thus able to examine the gases 
at various periods during the oxidation of the methane at any given 
temperature, and we could hardly fail to detect the formation of a 
product at any stage of the oxidation which afterwards disappeared 
before the process was completed. 

The interaction of two such gases as methane and oxygen in glass 
vessels at low temperatures being a surface phenomenon, the temperature 


* We desire to acknowledge our indebtedness to Mr. John Wilson, of the Batter- 
sea Polytechnic, for much valuable help in these preliminary experiments. 
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at which its velocity is just appreciable, as well as the velocity at any 
other given temperature, will, to a certain extent, depend on the character 
of the surface. In our experiments, 300° was the lowest temperature at 
which any interaction could be detected after the lapse of two or three 
weeks. At 325°, however, the velocity was much greater ; at 350°, in 
some instances, the whole of the oxygen disappeared within three or 
four days, whilst at 400° the oxidation was always completed in a single 
day. But we have so far been unable to measure the relative velocities 
of the reaction at different temperatures on account of the fact that, 
except at 400°, when the velocity is considerable, the influence of the 
‘surface factor’ may be very different even in two bulbs of the same 
size, shape, and material. Thus, between 325° and 350°, an appreciable 
amount of oxidation always occurred within three days, but of a series 
of similar bulbs filled with the same mixture and heated in the-same 
bath, some exhibited a greater amount of oxidation in two or three 
days than others did in a week or more. Nor does the ‘surface 
factor’ of a given bulb remain constant over two or three successive 
experiments with the same mixture ; whether it would finally become 
constant after a long series of experiments is a point we are now 
investigating. 

Tt is of course impossible, by any means at our command, to determine 
the precise manner in which the methane molecule is attacked by the 
oxygen, but we are able to discover what is the first distinct stage of 
the reaction. This first stage may, obviously, involve one of three 
things, namely : 


(1) Selective combustion of hydrogen, thus, 
(a) CH,+0O, = C+2H,0; or 
(0) 2CH,+0, = 20+2H,0+H,. 
(2) Selective combustion of carbon, thus, 


(a) 2CH,+0, = 2CO +4H,; or 
(6) CH,+0, = CO,+2H,. 

(3) Simultaneous oxidation of carbon and hydrogen, thus, 
(a) CH,+ O, CO +H,0+H,; or 
(6)-2CH,+30, = 2CO +4H,0; or 
(ec) CH,+20, CO, + 2H,0. 


The primary oxidation products (which it will be seen may include 
carbon, hydrogen, carbon monoxide, carbon dioxide, and steam) may, 
however, react with each other, or with the original constituents of the 
mixture. We had therefore, as an important part of our inquiry, to 
investigate the possibilities of such reactions occurring in our bulbs at 
temperatures between 300° and 400°. We will now briefly discuss the 
evidence so obtained. 

VOL. LX XXI. 00 
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The possible secondary reactions may be classified as follows : 
(A), those in which free carbon may be involved, for example : 


(1) C+H,0=CO+H, ; (2) CO,+C=200; (3) 20+0,=200. 


The evidence obtained shows that none of these reactions begin at 
temperatures between 300° and 400°. 


(B) CO+H,O = CO,+H,. 


A series of experiments with bulbs similar to those used in the 
oxidation studies have shown that steam and carbon monoxide can be 
maintained at 325° for a fortnight without the slightest change occur- 
ring. At 350°, no action could be detected within a week, but after 
ten days some 1°7 per vent. of carbon dioxide had been formed ; at 
40U°, about the same amount of change occurred in a week. On the 
other hand, mixtures of equal volumes of hydrogen and carbon dioxide 
showed no signs of change when kept at 325° or 350° for a fortnight, 
or at 400° for a week. 

The results of these experiments show that no complication arising 
from the interaction CO+H,O = CO,+H, enters into any of our 
experiments on the oxidation of methane. 


(C) 200+0, =200, 


We have found that moderately dry carbon monoxide and oxygen do 
not react between 300° and 400°; the formation of between 0°7 and 
1-7 per cent. of carbon dioxide could usually be detected when the moist 
gases were maintained at 325°, 350°, or 400° for a week. The effects 
of this possible secondary change in the methane experiments are 
therefore practically negligible. 


(D) 2H, +0,=2H,0. 
In 1895, V. Meyer and Raum (Ber., 28, 2804) published the 


results of an investigation on the combination of the elements of 
electrolytic gas in glass bulbs, very similar to those used by us, at 
temperatures between 300° and 518°. At 300°, the formation of water 
could just be detected after 65 days; in the case of four out of five 
bulbs maintained at 350° for 5 days, a very small amount of combina- 
tion occurred (between 0°5 and 1°9 per cent. only of the original gas 
had disappeared), whilst in the fifth bulb as much as 16:4 per cent. of 
the gases had combined.* At 448°, the combination was still very 
slow. We have carefully repeated these experiments, using bulbs 
which had previously been employed for heating the mixtures of 


* Judging from our own experiments at this temperature, we are inclined to 
attribute this relatively large formation of water to some roughness of the inner 
surface of the bulb used either present originally or caused by a partial devitrifica 
tion of the glass during the heating. 
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methane and oxygen. At 335°, we have never been able to detect the 
slightest formation of water from electrolytic gas within a week ; at 
350°, in six bulbs no combination took place in a week, although in the 
case of a seventh bulb, in which the glass had become devitrified at one 
end, the formation of water could be distinctly seen. At 400°, three 
bulbs exhibited no signs of change after three days; after a week, 
water could be distinctly seen in one bulb (nearly 40 per cent. of the 
mixture had combined), but none could be detected in the other two. 
Professor Dixon informs us that some years ago he maintained glass 
bulbs filled with electrolytic gas at 350° for several weeks, but was 
unable to detect any formation of water. Our own experience shows 
that hydrogen and oxygen, even when mixed in combining proportions 
and undiluted with other gases, do not within a week or two combine 
at 350° to any appreciable extent provided the glass surface with 
which the gases are in contact remains perfectly smooth. At 400°, 
however, we are on the border line where the formation of water may 
occasionally be recognised within a week, but hardly within three 
days; in our experiments with methane at this temperature, the 
whole of the oxygen always disappeared within a single day. 

(Z) We have also found that the following pairs,of gases have no 
mutual action at temperatures between 350° and 400° (within a week 
or two). Methane and carbon dioxide; methane and steam; carbon 
monoxide and hydrogen. 

It may therefore be taken for granted that no appreciable com- 
plication arising from possible secondary changes enters into our 
experiments on the oxidation of methane, the results of which may now 
be discussed. 

We find that between 300° and 400° methane combines with 
oxygen with an enormously greater velocity then does hydrogen 
itself under the same conditions. We have followed the course of 
the oxidation in at least thirty cases, and although our mixtures never 
contained more than 1 volume of oxygen to 2 volumes of methane, 
in no case have we been able to detect the liberation of free hydrogen or 
free carbon at any stage, from beginning to end, of the process. The 
disappearance of oxygen was always accompanied, in the cooled pro- 
ducts, by a corresponding diminution in volume, due to the formation 
of water. This formation of water could always be detected even 
in the initial stages of an experiment, when less than one-tenth of 
the oxygen originally present had disappeared; the amount of it 
increased as the oxidation proceeded, until the inner surface of the 
cooled bulb was completely wetted. Since these phenomena occurred 
at temperatures below that at which the elements of electrolytic gas 
combine (in similar bulbs) with any appreciable velocity, and since 
carbon dioxide and hydrogen do not react even at 400°, the natural 

002 
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inference is that water is one of the primary products of the partial 
oxidation of methane at these temperatures. 

At all stages of the oxidation, the gases in the bulbs contained 
(besides water vapour) carbon monoxide, carbon dioxide, unchanged 
methane, and, in some cases of course, oxygen. At no period have we 
been able to detect the formation of such products as methyl alcohol, 
formaldehyde, or formic acid; the carbon of that portion of the 
methane burnt always appeared in the products as carbon monoxide 
or dioxide. There was, however, no regularity in the ratio CO,:00 
at any given period of the oxidation, except towards the end; during 
the earlier period, it usually varied between 1:7 and 1:3, but finally 
it approximated to a value between 1:2 and1:1. Since the influence 
of the reaction CO+ H,0—CO, + H, between 300° and 400° has been 
shown to be negligible, and that methane and carbon dioxide have no 
mutual action, our experiments point to the conclusion that the first 
stage in the “partial” combustion of methane at low temperatures is a 
simultaneous oxidation of carbon and hydrogen to carbon monoxide and 
steam, thus : 
2CH, + 30, = 2C0 + 4H,0. 


One curious feature about our results is the unexpectedly large pro- 
portion of carbon dioxide found in the gases at each stage, but especially 
towards the end of the oxidation. Now the rate at which carbon 
monoxide combines with oxygen, or reacts with steam, between 300° 
and 400° has been shown to be negligible; therefore we cannot ex- 
plain the formation of any considerable quantity of carbon dioxide in 
an experiment on the supposition that carbon monoxide actually 
liberated during the primary oxidation is afterwards gradually trans- 
formed into the dioxide through the agency of steam and oxygen, or 
steam alone. The largest proportions of carbon dioxide were found in 
bulbs in which the mean rate of oxidation had been, for any particular 
temperature, fast ; the two circumstances are, we are inclined to think, 
not unconnected. Further, we should perhaps state that our experi- 
ments suggest that the ‘ oxidation velocity’ in a given case is acceler- 
ated after the first portions of the oxygen have disappeared, but this 
is a point which requires fuller investigation. We are inclined to 
take the following view of the formation of so much carbon dioxide. 
When the methane molecule is burnt, carbon monoxide and steam 
simultaneously come into being in an atmosphere containing oxygen. 
At the moment of their formation, these new molecules would be in 
an extremely labile and reactive condition, and it is probable that 
during this transitory ‘labile period’ a much more frequent exchange 


of oxygen would occur in the system oo On 


ary circumstances. It is also conceivable that the ‘lability’ of such 


O,, than under ordin- 
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a system would be influenced by the rate at which the methane 
succumbs to the attack of the oxygen. 7 


EXPERIMENTAL, 
I.—The Preparation of Pure Methane. 


The preparation of pure methane by Gladstone and Tribe’s method 
is always a tedious process ; if, however, an aluminium-mercury couple 
be substituted for the zinc-copper pair, the result is much more satisfac- 
tory. In fact, the action of the aluminium-mercury couple on a mixture 
of methyl iodide and alcohol is so energetic that the reaction vessel must 
be well cooled by immersion in iced water at the outset of the pre- 
paration, or otherwise the evolution of the gas becomes too rapid, and 
is difficult to control. In addition to being contaminated with the 
vapours of the alcohol and iodide, the gas almost invariably contains 
a small quantity (2 or 3 per cent.) of hydrogen. This may be easily 


removed, after the other impurities have been eliminated, in one of 
two ways, namely : (1) by passing the gas through a layer of ‘ oxidised ’ 
palladium black at 100°, or (2) by liquefaction of the methane in a 
bulb immersed in liquid air, when, of course, the hydrogen passes on. 
The details of the method are as follows: 

The central bulb of the Wohler U-tube A (Fig. 1) is filled with 
clean aluminium foil, cut into pieces about one-eighth of an inch square. 
A few c.c. of a mercuric chloride solution are poured on to the foil 
which, in the course of a minute or two, becomes coated with mercury. 
The liquid is then drained off, and the couple rapidly washed (twice) 
with methyl alcohol. About 30 grams of methyl iodide are then 
poured on to the couple. The tap funnel, B, containing a mixture of 
2 to 3 parts by weight of methy! icdide and one part of methyl alcchol, 
is quickly inserted in one limb of the U-tube by means of a rubber 
cork. The other limb is immediately connected with the arrangement 
for washing the gas, consisting of (1) the worm C surrounded by iced 
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water, (2) worms D and E containing a strong solution of sodium 
methoxide in methyl alcohol, and (3) worm F containing strong 
sulphuric acid. The lower part of A should be immersed in iced 
water; on dropping the mixture from B on to the couple, a good 
evolution of methane is obtained. The air is swept out of the appar- 
atus through the vertical branch of the three-way tap, G, before con- 
nection with the apparatus for the elimination of hydrogen is made. 
When oxidised palladium sponge is used for this purpose, it is placed 
in the small U-tube, H, which is immersed in boiling water. The gas 
is-afterwards dried by passing it through the worm, K, containing 
sulphuric acid. Where palladium sponge is not available, the removal 
of traces of hydrogen can be effected by means of liquid air, the 
methane condensing to a colourless liquid as fast as it is evolved. 

We have frequently tested the purity of the gas so prepared by 
éxplosion analyses ; the following are the results in the cases of four 
typical samples : 

(1). (2). (8). (4). 
Volume of gas taken ... 58°00 44°40 66°25 57:0 
Contraction C............ 115°8 89-2 130°0 112-0 
Absorption A ............ 57°95 44°5 65°3 56°3 


II. The Action of Heat on Methane. 


Since in the subsequent ‘oxidation’ experiments, mixtures of 
methane and oxygen were maintained at temperatures between 300° 
and 400° for, in some cases, as long as two or three weeks together, it 
was necessary to ascertain whether methane itself undergoes any 
change at temperatures at all near these limits. Accordingly, about 
3 litres of pure methane were kept continuously circulating for six 
days and nights through a hard glass tube (about 0°75 metre long), 


. packed with fragments of well-dried, unglazed porcelain, maintained 


at 480° in a Lothar Meyer furnace. In the circuit was a glass spiral, 
which, during the experiment, was kept surrounded by a freezing 
mixture. On examining the tube after the experiment, no blackening, 
or even discoloration of the porcelain, could be detected, nor could any 
liquid be seen in the glass spiral. The volume of the methane remained 
constant throughout the experiment, and analysis showed that it had 
undergone no change. Further experiments showed that only at 
650—700° does methane begin to decompose, and even then very 
slowly. 


IIl.—The Oxidation Eaperiments. 
The mixtures of methane and oxygen (the latter prepared by heating 


recrystallised potassium chlorate in hard glass bulbs, and afterwards 
washing it through a strong solution of potassium hydroxide) were 


m_— me OQ Ss 
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tiade in a graduated glass holder over pure strong sulphuric acid. 
The methane in each case was determined analytically by an explosion 
method; and the oxygen by absorption with strongly alkaline pyro- 
gallol (freshly prepared). Altogether five mixtures were used; the 
percentsge composition of each, leaving altogether out of account the 
small amount of nitrogen present (namely, 1:0, 2°16, 0°95, 3-6, and 
2°67 per cent. respectively),* is given below : 


Mixture. A. B. C. D. E. 
Methane ...... 69-0 66°66 67°44 66°80 66°90 
Oxygen ...... 31°0 33°34 32°56 32°20 33°10 


Filling of the Bulbs.—The cylindrical Jena boro-silicate glass bulbs 
used in these experiments terminated at each end in a long capillary 
tube (1 mm. bore). They hada capacity of between 60 and 70 c.c. 
(length about 10 cm., diameter 3-5 cm.), except a few, somewhat 
larger (capacity 70 to 80 c.c.), used during the later stages of the 
research. Boro-silicate glass is eminently suited for the making of 
vessels in which gases are to be heated for long periods under pressure ; 
in our own experiments the bulbs, filled at atmospheric pressure and 
temperature, could be maintained at 400° for, if necessary, many 
weeks without showing change in shape or capacity, or signs of devitri- 
fication. Similar bulbs’ made of ordinary soft or hard glass generally 
devitrified or burst when subjected to the same treatment. Further, 
boro-silicate glass possesses another great advantage over other kinds 
in that it withstands sudden changes of temperature. 

Before being filled with the mixture under investigation, the inner 
surface of each bulb was thoroughly cleaned with hot strong nitric 
acid, and afterwards with distilled water. Each was subsequently 
dried in a current of hot air (dust free). A number of suchclean, dry 
bulbs were connected in series, on the one hand, with the holder 
containing the mixture of methane and oxygen, and, on the other, 
through a drying tube to a Sprengel pump and manometer. When 
nearly vacuous, each bulb was strongly heated with a Bunsen burner 
and the exhaustion completed. As soon as the bulbs were cold, the 
mixture was admitted from the holder until the pressure in the appar- 
atus was 2—3 mm. below the atmospheric; the capillaries of each 
bulb were then successively drawn out and sealed off in the blow-pipe. 

Heating of the Bulbs.—The bulbs were heated, in batches of from 
2 to 6 as required, in a special air-oven, the gas supply of which 
passed through a Stott’s governor, and then through a Lothar Meyer 
regulator. The temperature was registered by a thermometer reading 

* In order to make the results of the various experiments strictly comparable, we 
propose to adopt this course throughout the paper in tabulating the composition of 
the various gaseous mixtures under discussion. Since the nitrogen in each case was 
taken ‘ by difference,’ the tabulated results will always add up to 100. 
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up to 500°, and we had no difficulty in keeping it practically constant 
for weeks together. The extreme variations on either side of the 
desired mean temperature were about 5° in the longest experiments ; 
in the case of experiments extending over a few days only, the varia- 
tions in temperature were even less, 

Examination of the Bulbs after Heating.—As soon as each bulb was 
withdrawn from the air-bath, it was quickly cooled in water. The 
most superficial examination of the cold bulbs.revealed two significant 
facts connected with the partial oxidation of the methane, namely, (1) 
no carbon had been deposited, and (2) the formation of a dew on the 
inner surface of the vessel. On standing such a bulb in a vertical 
position, the dew soon collected in the capillary as a colourless liquid. 

The liquid was tasteless and odour- 
less, it did not contain hydrogen per- 
oxide, formaldehyde, or formic acid; 
it solidifiedin a freezing mixture, and 
the solid melted at 0° It was, in 
short, water. 

The bulbs were subsequently opened 

D ‘ 

g- under mercury, and the gases with- 
“i. drawn as follows : 

acme A deep scratch having been made 
pump. near the end of one of the capillaries 
of the bulb A (Fig. 2), the glass was 
nipped off under the surface of mercury 
contained in the cylinder, B. In each 
case, the mercury entered the bulb, 
B partially filling it. After the lapse of 
half-an-hour, the level of the mercury 
inside the bulb (a) was marked (the 
levels inside and outside having been 
previously equalised). The open end 
of the capillary was then forced into a stout rubber joint connected 
with the U-shaped capillary tube, C; the whole of this rubber 
joint and capillary had been previously filled with mercury as far 
as the tap D, through which connection was made with a Sprengel 
pump. All connections having been thoroughly exhausted, the tap, D, 
was opened, and the gas in A drawn off through the pump into tubes 
over mercury. Finally, the bulb, A, was detached, and its total 
volume, as well as the volume up to the mark a, determined. In this 
way, the contraction, due to the formation of water during the 
oxidation, was approximately measured ; in all cases, it corresponded 


to the volume of oxygen which subsequent analysis showed had 
disappeared. 
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Analysis of the Residual Gases.—The analysis of the residual gases 
constituted the most important part of the work, for on their accuracy 
depends the proof that no free hydrogen was formed during the course 
of the oxidation. The apparatus used was that described by one of us 
at a meeting of the Society in 1898 (Proc., 1898, 14, 154), and a long 
experience of its working has shown that it admits of a high degree of 
accuracy. 

In addition to a large amount of unchanged methane, the gases 
always contained carbon dioxide, carbon monoxide, and in some cases 
oxygen also. The last three .were removed and estimated in the 
following order, namely (1), carbon dioxide by means of a strong 
solution of potassium hydroxide, (2) oxygen by means of a freshly 
prepared and strongly alkaline solution of pyrogallol, and (3) carbon 
monoxide by means of freshly prepared ammoniacal cuprous chloride, 
the gas being afterwards treated with dilute sulphuric acid before 
remeasurement. When the gases contained more than 5 per cent. of 
carbon monoxide, they were subjected to a second treatment with a 
fresh portion of the cuprous chloride solution. A series of trial 
experiments satisfied us that practically the whole of the carbon 
monoxide in such a mixture can be removed! in this way; certainly 
never as much as 0‘5 per cent. remains unabsorbed. 

After removal of the three foregoing constituents, a measured 
portion of the residual gas was exploded with a large excess of oxygen, 
and the contraction in volume (C), and the absorption (A) when the 
products of explosion were treated with potassium hydroxide, deter- 
mined. It is essential to the accuracy of such an analysis that the 
explosive mixture (CH,+20,) should be largely diluted with excess 
of air, in order to avoid the oxidation of any nitrogen present, or 
deposition of carbon in the explosion vessel due to shock. In the case 
of these mixtures, we always added at least 100 volumes of diluents to 
every 50 to 60 volumes of the explosive mixture, and exploded the 
gases under half an atmosphere pressure. These precautions ensured 
the necessary conditions of accuracy. 


Ai a as , 
From the ratio A obtained in any case, we were able to determine 


whether the gases exploded contained hydrogen in addition to methane. 
This ratio for pure methane is, of course, 2°0, and for mixtures of 
methane and hydrogen would be greater (thus it would be 2°015 
for a gas containing 99 per cent. of methane, and 1 per cent. of 
hydrogen, and trial experiments have shown that this quantity of 
hydrogen can be detected with certainty). An examination of the 
results of twenty-five different experiments detailed in the following 
paragraphs will show that in sixteen cases the ratio fell between 1°99 
and 2-00 ; in seven other cases, it lay between 1°95 and 1°99, whilst in 
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two cases only (2°007 and 2°005 respectively) was it higher than 2°00. 
These numbers, therefore, prove the absence of free hydrogen in the 
oxidation products at all stages of the process. 


Experiments at 300°. 


The rate at which methane and oxygen combine at this temperature 
is very slow, so that it is hardly ever possible to detect any change 
unless the heating be continued over two or three weeks. The results 
of two experiments, in both of which the formation of water could 
be distinctly seen, are given below. The mixture employed was A 


(methane = 69'0 ; oxygen=31°0) : 
Composition of dry gases after 


C 
F | for residual gas exploded 


Experiments at 325°. 


First Series.—Four bulbs filled, at 18° and 758 mm., with mixture 
D (methane = 66°8 ; oxygen = 33°2) and heated for 30 hours, 3, 6, and 
11 days respectively. All showed the formation of water ; it will be 
seen that more oxygen had disappeared in the bulb heated 3 days than 
in the one in which the action had continued over 6 days. The 
analytical results are given below : 


Duration of heating. 30 hours. 3 days. 6 days. 11 days. 
Carbon dioxide 1°66 0:90 2°30 
7:24 4°35 7°45 
24°10 28°45 23°25 
Methane ‘ 67°00 66°30 67°00 


C for residual gas s 2-00 2-00 2-00 
A exploded 


Second Series.—Four bulbs filled, at 21° and 755 mm., with mix- 
ture E (methane = 66°9 ; oxygen =33'1) and heated for 3, 7, 14, and 
21 days respectively. Singularly enough, by far the greatest amount 
of interaction occurred in the bulb heated for 3 days; indeed, the 
order according to ‘rate of oxidation’ is nearly the reverse of that 
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according to the duration of the heating. These experiments afford a 
good illustration of the point emphasised in the introduction, namely, 
that the influence of ‘surface factor,’ in the case of several exactly 
similar vessels, upon the velocity of a gaseous reaction is often enor- 
mously different. The analytical results are as follows : 


Duration of heating. 21 days. 14 days. 6days. 3 days. 


Carbon dioxide ......... 2:07 1°40 2°00 12°85 
Carbon monoxide ...... 5°50 5‘00 6°15 16°30 
QUE didecicecccitlenig 25°60 25°70 24°10 (2°00)*+ 
er eee 66°83 67°90 67°75 (68°85) 


C for residual gas ; P ; ank 
ea >< hatea \ 2:00 1985 1987 1°985 


Eaperiments at 350°. 

First Series.—Three bulbs filled with mixture E (methane=66°9 ; 
oxygen = 33°1)at 22° and 747 mm.,and heated for 24 hours, 66 hours, and 
a week respectively. Analyses of residual gases gave following results : 


Duration of heating. 24 hours. 66 hours. 7 days. 
Carbon dioxide ................ 2.) OSG 0°38 14:0 
Carbon monoxide ...............++. 2°05 2°90 16°3 
ORY BOM ....c.cccesccoces densadesteees 31°38 30°35 09 
ae eS . 66°37 68°8t 


‘4 


A for residual gas exploded...... 1-98 1°99 2-00 


Second Series.—Three bulbs filled with mixture E at 21° and 
755 mm., and heated for 1, 3, and 7 days respectively. We would 
draw attention to the fact that the bulb heated 7 days exhibited a 
much smaller amount of oxidation than the one heated for the same 
time in the previous experiment. The analytical results for the 
residual gases were as follows : 


Duration of heating. 1 day. 8 days. 7 days, 
Carbon dioxide .........cceseeeeeees 0°40 2°80 2°25 
Carbon monoxide .........ecesse0: 2°15 8°95 4:90 
QFE. - 0+... 00sevecrccscow-susevscees 31°40 21°80 26°60 
PE iin indedniipeskcdaaibigttekind ‘ 66°45 66°25 


. for residual gas exploded...... 2-00 2-00 1-995 


* This number for oxygen is only approximate; the same therefore applies to 
that given for methane, Tt See footnote, p. 548. 
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Third Series.—Six bulbs filled with mixture B (methane = 66°6 ; 
oxygen = 33°3) maintained at 350° for 13 days. In each case, practi- 
cally the whole of the oxygen had disappeared, and a large quantity 
‘of water was produced. The contractions, on opening the bulbs under 
mercury, amount to between 30 and 33 per cent. of the original 
volume. The products of four of the bulbs were analysed, with the 
following results ; attention is drawn to the large quantity of carbon 
dioxide produced in each case : 


(1). (2). (3). (4). 


Carbon dioxide ............... 148 ~ 102 100 100 
Carbon monoxide............... 16:0 23:6 21°5 22°2 
se tiddnines-envibeiaedsvie’ nil nil 0°3 nil 
EER ee 69:2 66:2 68-2 67°8 


© tor residual gas exploded 2°007 1°994 2-005 1:956 


Experiments at 400°. 


At this temperature, methane is rapidly oxidised, and differences 
due to surface factor in a series of similar bulbs tend to disappear. 
We have always found that the oxygen in our mixtures disappeared 
within a single day, and that the phenomena were altogether more 
regular than at lower temperatures. We would in this connection 
again point out that we have maintained bulbs containing electro- 
lytic gas at 400° for 3 days, and in many cases a week, without 
finding any appreciable formation of water. ‘The following are the 
analytical results from an experiment in which five bulbs filled 
with mixture C (methane = 67°44 ; oxygen = 32°56) at 20° and 750 mm. 
were heated for 1, 2,4, and 11 days (two bulbs) respectively. The 
contraction observed on opening these bulbs under mercury amounted 
to as nearly as possible one-third of the original volume : 


Duration of heating. lday. 2days. 4days. 1ldays. 11 days. 
Carbon dioxide ......... 11°4 12°4 11°3 10°6 11°9 
Carbon monoxide ...... 18°4 17°0 176 18°9 18°6 

ee 70°2 70°6 711 705 69°5 


“tor residual gas exploded 1°95 1°99 2°00 2:00 2°00 


* The percentage of methane in these products, and also in nearly all other 
experiments in which a large proportion (over 10 per cent.) of carbon dioxide was 
produced, is rather higher than it should be. We have reason to believe that this 
is caused by a small absorption of carbon dioxide by the alkali in the glass, 
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We are continuing this work and extending it to other hydro- 
carbons. 


In conclusion, we desire to state that the expenses of this research 
have been defrayed out of grants received from the Government Grant 
Committee of the Royal Society. 


THE Owens COLLEGE, 
MANCHESTER. 


LIX.—Derivatives of a-Aminocamphoroame. 
By ArtHur Lapworts and ALFRED WILLIAM Harvey. . 


Irisa point of some theoretical interest that most a-substituted camphors 
are not capable of affording oximes, although when the substituents are 
present in other positions, that inability is not observed. Hitherto, 
exceptions to this general rule have been noticed with a-hydroxycamphor 
(Manasse, Ber., 1897, 30, 668), a-isonitrosocamphor (Ber., 1894, 26, 243), 
and Reychler’s camphorsulphonic acid (Bull. Soc. Chim., 1898, [iii], 19, 
120). Substituted camphoroximes have also been prepared from 2-bromo- 
camphor (Kipping and Revis, Proc., 1896, 12, 77) and from -bromo- 
and B-chloro-camphor (Forster, Trans, 1902, 81, 268). 

We have found that a-aminocamphor constitutes another exception 
to the above-mentioned rule, as it yields an oxime without difficulty if 
proper precautions are taken. 

The study.of camphoroxime, which has engaged the attention of 
several chemists, has presented points of more than ordinary interest 
in consequence of an extremely labile character of the molecule which 
the substituted camphoroximes do not appear to possess. a-Amino- 
camphoroxime, however, might be expected to exhibit certain peculiar- 


ities of its own, more especially as the oximes of the type RON 


are known to yield a variety of interesting ring compounds on treat- 
ment with anhydrides, aliphatic aldehydes, d&c. 
a-Aminocamphoroximeis much more susceptible to alkaline hydrolysis 
than is camphoroxime itself, and is not easily prepared from a-amino- 
camphor by the use of an alkaline solution of hydroxylamine. By 
employing hydroxylamine acetate in presence of a large excess of 


or a ‘condensation’ of carbon dioxide on the glass surface. Such an absorp- 
tion, or condensation, would make the methane appear proportionately higher 
in the products, since it was in all cases taken as the ‘difference’ between the total 


Volume of (nitrogen free) gas analysed, and the sum of the carbon dioxide, carbon 
monoxide, and oxygen found. 
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sodium acetate, however, the oxime may be obtained without difficulty 
in large amount. 

The substance has the properties both of an amine and of an oxime ; 
it dissolves readily in dilute acids and in éxcess of alkalis, forms definite 
salts with acids, and yields crystalline metallic derivatives. It affords a 
H-NH-COPh 
:N-0-00Ph ’ "4 
reacts with one mol. of potassium cyanate to give a well-defined 
carbamide. In accordance with the fact that it contains both an amino- 
and a hydroxyl group, it combines with two mols. of phenylcarbimide, 
When warmed with benzaldehyde, the amino-group reacts in the 
normal manner and a monobenzylidene derivative, 

H:-N:CHPh 
CsHi< -N-OH . 


beautiful, crystalline dibenzoy] derivative, C,H,, 


is produced. 

Aminocamphoroxime shows no tendency to become converted into a 
campholenonitrile (compare Forster, Trans., 1902, 81, 268), and on 
treatment with acetic anhydride is converted into a well-defined 
crystalline compound, which is perhaps the analogue of the compound 
obtained under similar circumstances from benzenylamidoxime, that is to 
say a ring compound of the azoxime type. 

It was originally the intention of one of us to investigate these 
products and also to determine whether a-amino- and a-hydroxy- 
campholenonitriles would break down with alkalis as camphanonitrile 
was found to do (Lapworth and Lenton, Trans., 1901, 79, 1292), but 
as we hear privately from Dr. Forster that he has for a long time con- 
templated an extensive examination of substituted camphoroximes, the 
work has been abandoned in his favour. 


EXPERIMENTAL. 
H-NH, 
:-N-OH’ 

Ordinary aminocamphor may be converted into its oxime by the use of 
hydroxylamine in the presence of a large excess of cold concentrated 
sodium hydroxide, and the amount of oxime produced may frequently 
be considerable. This method was the one which we at first employed, 
but in very many cases in which we attempted to deal with more than 
5 grams of material at a time, it was found that the yield of oxime 
was very poor, and we did not succeed in discovering what were the 
necessary conditions, In some cases, the experiments were perfectly 
satisfactory, whilst in others, in which the conditions and concentra- 
tions employed appeared to be exactly similar, the reverse was the case, 


a-Aminocamphoroxime, C,H, , 
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However, by using an aqueous solution of hydroxylamine hydro- 
chloride containing a large excess of sodium acetate, the results were 
more consistent. The following is the mode of treatment which we 
have finally adopted, and by means of it the oxime may be prepared 
in considerable quantities at a time. 

Aminocamphor hydrochloride (5 grams), hydroxylamine hydro- 
chloride (3 grams), and sodium acetate (12 grams) are dissolved in water 
(20 c.c.) and heated on the water-bath for 4—6 hours. The liquid is 
then cooled and separated by filtration from any insoluble matter which 
may have appeared. As the precipitation of the impure oxime from an 
acid solution such as this frequently causes its deposition as a viscid 
oil, it is better, at this stage, to pour the liquid, with constant stirring, 
into excess of 10 per cent. sodium hydroxide solution (about 50 c.c.). To 
the resulting clear liquid, dilute hydrochloric acid is added drop by drop 
until the white material which separates no longer increases in amount, 
After 10 minutes, the solid matter is separated by filtration and well 
washed with water. A further quantity of oxime may usually be 
obtained from the mother liquor by suitable treatment with acids or 
alkalis. The yield is about 50—60 per cent. of the theoretical. The 
dried oxime, which presents the appearance of a bulky mass of minute 
plates, may be purified by crystallisation from hot benzene. On 
analysis : 

0°1475 gave 0°3563 OO, and 0:1344 H,O. C=659; H=10'1. 
02270 ,, 31:1 c.c. moist nitrogen at 20° and 761 mm. N-=15°9. 
C,,H, ON, requires C=65°9 ; H=9°9; N=15°4 per cent, 


The oxime dissolves somewhat readily in ethyl or methyl alcohol, 
ethyl acetate, acetone, benzene, chloroform, or carbon tetrachloride, 
but is practically insoluble in cold water or light petroleum. It crys- 
tallises badly from most organic solvents, with the exception of 
benzene, from which it separates in thin, flaky plates or in flattened 
prisms. It melts sharply at 144—145°. The pure, dry substance, 
when slightly warmed, becomes very easily electrified by friction. 

The smaller crystals are well-formed, six-sided plates, which belong, 
in all probability, to the rhombic system. When carefully heated 
on a glass slip beneath a cover-glass, the oxime sublimes slightly in 
similar forms’; after melting, it solidifies rapidly to aggregates of well- 
formed, elongated plates, the surfaces of which are, for the most part, 
parallel to the axial plane, but here and there, in convergent polarised 
light, the axis of a biaxial figure of wide angle may be observed ; here, 
the double refraction is negative. 

The oxime and its derivatives are optically active. A 1 per cent, 
solution of the oxime in absolute alcohol had [a], 60°5° at 18° 
In order to observe the rotation of the ion in aqueous solutions of 
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the salts of the oxime, a 1 per cent. solution of the oxime in dilute 
hydrochloric acid was examined ; excess of hydrochloric acid produced 
no marked effect on the rotation, The solution had [a], 36°7° at 
16°, giving for the ion [a], 36°5°. 

The substance has both acidic and basic properties, dissolves readily 
- in dilute mineral acids and in a large quantity of alkali. On adding 
acid to its solution in alkalis, the oxime is almost completely precipi- 
tated, whilst the liquid remains strongly alkaline, It forms sodium 
and potassium salts, but these are only obtained crystalline in presence 
of a large excess of strong alkali, and have not been closely examined. 

The compound, when gently heated above its melting point, emits 
a faint odour resembling that of camphoroxime. At still higher 
temperatures, profound decomposition occurs, and water and gases 
with an ammoniacal odour are evolved, whilst a waxy substance, 
with an odour resembling that of camphenone, distils. 

Aminocamphoroxime hydrochloride, C,)H,,ON,,HCI,H,O, is prepared 
by dissolving the oxime in the requisite quantity of hot 15 per cent. 
hydrochloric acid. It crystallises, as the solution cools, in flat, 
rectangular prisms, is very readily soluble in ethyl or methyl alcohol, 
and still more so in water. The water of crystallisation could not be 
determined directly owing to the instability of the substance when 
heated. It contains 1H,0, as the following facts indicate : 


0°3071 contained 0°0460 Cl. Cl=15°0. 
C,)H,,0ON,,HCI,H,O requires Cl = 15-0 per cent. 


Moreover, its specific rotation in 2 per cent. aqueous solution was 
[a]p 27°6°, whilst from the observations above recorded the calculated 
number for the monohydrated salt is [a]p 28°3°. 

The majority of the other salts of the oxime, such as the sulphate, 
nitrate, picrate, ferro- and ferri-cyanide, and the aurichloride, are very 
soluble in water and are not very characteristic, 

The platinichloride, (C,,H,,ON,).,H,PtCl,, is precipitated in the form 
of minute, yellowish-grey needles on mixing strong solutions of the 
hydrochloride and chloroplatinic acid. It is readily soluble in water, 
dissolves slowly in hot alcohol, and may be precipitated from its 
alcoholic solution by addition of ether as long, yellow needles which 
melt and decompose at 209—211°. The extinction in polarised light 
is straight; the double refraction is strong, and the directions of 
greatest elasticity and length are at right angles: 


0°1639 gave 0°0398 Pt. Pt=24:3. 
(C,,H, ,ON,),,H,PtCl, requires Pt = 25:2 per cent. 


H-NH-CO-C,H, 


"N-0-CO°C,H, «his su 


Dibenzoylaminocamphoroxime, C,H, 


as 


ut 
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stance is formed when aminocamphoroxime is dissolved in a consider- 
able excess of 10 per cent. sodium hydroxide solution, and subjected 
to the action of benzoyl chloride in the usual manner, the temperature 
of the mixture being kept low by the addition of powdered ice. The 
white, oily mass which is deposited may be collected by means of a 
glass rod, and, after drying, triturated with absolute alcohol, when it 
rapidly becomes pulverulent, and may be drained on porous earthen- 
ware and crystallised from absolute alcohol. On analysis : 


0:2708 gave 0°7354 CO, and 0°1656 H,O. C=740; H=6'8. 
C,,H,,0,N, requires C= 74'2 ; H=6°7 per cent. 


The compound is somewhat readily soluble in methyl or ethyl 
alcohol, ethyl acetate, or acetone, much less readily so in ether or 
benzene, and is nearly insoluble in light petroleum. It is best crys- 
tallised from ethyl alcohol, from which it separates in brilliant, trans- 
parent prisms, which are often of considerable size and probably 
belong to the rhombic system. Rapidly recrystallised, it forms 
minute, compact prisms. It melts sharply and without decomposition 
at 146—147°, and solidifies on cooling very slowly, unless the tempera- 
ture is kept at about 120°. 

When crushed fragments of the crystals are observed in convergent 
polarised light, a biaxial interference figure may occasionally be seen, 
The double refraction is strong and positive in sign. 

The rotatory power was determined in absolute alcohol. 0°3317 gram 
dissolved in 25:1 c¢.c., gave ap 2°77° in a 2-dem, tube at 18°, hence 
[a], 104°8°. 

Attempts to prepare an acetyl derivative of the oxime were unsuc- 
cessful. Treatment with acetyl chloride converts the substance into 
a mixture, of which a part is soluble in water and the remainder 
is oily and has resisted all attempts at purification. Acetic anhy- 
dride acts violently on the oxime, affording a small quantity of 
a crystalline compound which evolves acetic acid when warmed with 
sulphuric acid. 

The carbamide, OH on this is easily prepared 
by adding a solution of potassium cyanate to one of the hydro- 
chloride of the oxime, and warming the mixture on the water-bath 

for 15 minutes, when it separates as a bulky mass of minute needles 
which may be purified by crystallisation from methyl alcohol. A 
specimen was analysed : 


0:2641 gave 0:5664 CO, and 0:2004 H,O. C=58:2; H=84. 
Ci, y9O,N, requires =58°6; H=8-4 per cent. 


The compound is readily soluble in acetone or ethyl alcohol, less 
VOL, LXXXI1, > ? 
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readily so in ethyl acetate or methyl alcohol, and dissolves only 
sparingly in chloroform, carbon tetrachloride, benzene, or light 
petroleum. It is most conveniently crystallised from methyl alcohol, 
from which it separates in two entirely different-forms according to 
the conditions. If the hot concentrated solution is cooled rapidly, the 
compound frequently appears as a bulky or flocculent mass of slender 
needles, whilst if the solution is allowed to cool very slowly, or if 
dilute ethyl alcohol is the solvent, the substance is usually deposited 
in the form of large, transparent, six-sided plates, but it is not always 
possible to ensure the deposition of either form at will. The melting 
point of the two forms appears to be the same, namely, 203—204°, 
when complete decomposition ensues; on one occasion, however, a 
specimen of the plate-like form was seen to fuse at 158—159°, and, 
solidifying immediately, melted once more at 203—204°; this would 
appear to indicate that, on heating, one form undergoes conversion into 
the other, but we have not been able to obtain satisfactory confirma- 
tion of this view. 

A solution of the compound in hot benzene forms a transparent 
jelly on cooling and could not be made to deposit crystals. 

The rotatory power was determined in absolute alcohol, 0°2333 gram 
being dissolved in 25 c.c. of the solvent, and was found to be [a], 
40°9° at 14°. 

The phenylcarbamide of camphorowimephenylearbamate, 

CH-NH:CO-NH-:C,H, 

OsHisS6:N-0-CO-NH-C,H, 
—Aminocamphoroxime (3°8 grams) is suspended in absolute ether and 
treated with phenylcarbimide (5 grams) dissolved in the same liquid. 
Immediate combination occurs with formation of a white, very 
sparingly soluble material, which may be separated by filtration and 
purified by crystallisation from a large bulk of methyl alcohol. On 
analysis : 


02266 gave 05716 CO, and 01381 H,O. C=688; H=6°'8. 
C,,H,,.0,N, requires C=68°6 ; H=6°7 per cent. 
C,,H,,0.N, , O=677;H=76 ,, 


The substance, which, as analysis indicates, is evidently. the pro- 
duct of union of two molecules of the phenylcarbimide with one of 
the amino-oxime, is readily soluble in ethyl acetate, acetone, or ethyl 
alcohol, less readily so in methyl alcohol or benzene, and is very 
sparingly soluble in ether or light petroleum. It crystallises from hot 
absolute alcohol in long, slender prisms, and from hot methyl alcohol 
in bulky masses of asbestos-like needles. It melts at 175—177° and 
does not solidify on cooling. The crystals from absolute alcohol have 
straight extinction in polarised light, the directions of greatest elasticity 


el ee ~~) 


DERIVATIVES OF a-AMINOCAMPHOROXIME. 555 


being coincident with their length; the double refraction is strong. 
For the determination of its optical activity, 0°2603 gram was dis- 
solved in 25 c.c. of absolute alcohol, and this solution, examined in a 
2-dem. tube at 15°, gave ap—1°18°, whence [a], — 56°6°. 

The benzylidene compound, Widow CoHs ® —Molecular pro- 
portions of the oxime and benzaldehyde are dissolved in a small 
quantity of alcohol and warmed on the water-bath for 4 hours. At 
the end of this time, the mixture is cooled and the crystals separated 
and crystallised once or twice from hot methyl alcohol; a further 
quantity of material may be obtained from the mother liquor by 
dilution with water. On analysis : 


03290 gave 0°9085 CO, and 0'2390 H,O. C=754; H=8l. 
C,,H,,ON, requires C= 75°6 ; H =8:2 per cent. 


The compound dissolves somewhat readily in ethyl or methyl 
alcohol, ethyl acetate or acetone, less readily in benzene, chloroform, 
or carbon tetrachloride, and is insoluble in light petroleum. It 
separates from alcohol in brilliant, transparent, apparently hemi- 
hedral prisms, closely resembling those of magnesium sulphate. It 
melts at 153—154° and on cooling solidifies very slowly, melting 
afterwards at the same temperature. 

The crystals are probably rhombic, have straight extinction in 
polarised light and are strongly doubly refractive. Melted on a 
glass slide beneath a cover-slip, the substance slowly sets to a mass of 
well-formed plates, which usually show straight extinction; through 
some, however, the optic axis of a biaxial interference figure of wide 
angle emerges obliquely through the field. 

The compound is nearly insoluble in dilute sodium hydroxide 
solution, but dissolves readily in dilute hydrochloric acid, being precipi- 
tated from the solution on addition of alkali. When warmed for a 
few minutes with moderately concentrated acid, it suffers hydrolysis, 
yielding benzaldehyde and the original amino-oxime. 


The authors’ thanks are due to the Research Fund Committee of 
the Chemical Society for a grant defraying a portion of the cost of 
material used in this work. 
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LX.—The Absorption Spectra of Metallic Nitrates. 
By Watrter Nort Hartiey, D.Sc., F.R.S. 


Part I, 


A Banp of absorption was discovered by Soret in nitric acid and 
potassium nitrate, but in ethyl nitrate examined by Soret and Rilliet 
it did not appear. In 1887, I made an extended examination of the 
absorption spectra of those nitrates of simplest constitution, such as 
nitric acid, and potassium, sodium, silver, and thallium nitrates, 
chiefly with the object of ascertaining definitely whether there was 
any difference in the absorption spectra transmitted by these salts 
both in strong and in dilute solutions. They were selected because 
the band which is characteristic of them is situated in the ultra-violet 
region ; they are anhydrous, are derived from monad metals, and there 
are great differences in the atomic masses of the metals which enter 
into their composition, for instance, H=1, Na=23, K=39, Ag=108, 
Tl=204. The results which immediately followed are stated under 
the head of lst Series. In 1898, I returned to the subject and the 
results obtained are in part described under 2nd, 3rd, 4th, and 5th Series. 
The method of examination was precisely the same as that pursued 
with organic substances. As many, if not all, of the photographs taken 
at that time are still in existence, I have recently re-examined them and 
find that in the earlier stages of the work the simple cadmium spark 
spectrum was used as the source of rays, but that the mode of examina- 
tion recorded in detail in “The Absorption Spectra of the Alkaloids” 
was afterwards adopted (see Phil. Trans., Part IT, 1885). Subsequently 
the lead, tin, and cadmium alloys were modified and improved by the 
introduction of bismuth. There were thus photographed from these 
electrodes 153 sharply defined metallic lines of nearly the same 
intensity, distributed fairly equally throughout the whole spectrum, 
which was 3°95 inches in length, and, if necessary, capable of being 
enlarged to 25 diameters. In addition to the metallic lines, which are 
definite fixed points in the spectrum, there was a background of 
continuous rays filling up the spaces between them. For the extreme 
ultra-violet about wave-length 2000, electrodes of indium and of copper 
were used for the purpose of filling up the spaces between the cadmium 
lines. 

Seven different series of experiments have been made on different 
metallic nitrates, chiefly on those which afford colourless solutions. 
The term colourless is here used in the ordinary acceptation of the 
term, that is, no colour could be perceived by the eye when viewing 
the solutions in the usual manner. 
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1st Series.— A decigram-molecular weight of each of the four follow- 
ing substances, nitric acid, potassium, silver, and thallium nitrates 
was made up to a given volume with pure distilled water. The three 
former were made up fo a volume of 40 c.c., but thallium nitrate, 
being less so.uble, was contained in 400 c.c. The solutions were 
examined in cells of a thickness of 25 mm. down to 1 mm., in the 
case of thallium nitrate from 50 mm. to 2 mm. 

The solutions were then successively diluted down to, 1 decigram- 
molecule in 5000 c.c., at which dilution it was expected that the co- 
efficient of extinction of absorption would be attained. 

As the thallium solution is 1/10th the strength of the others, 50 
c.c. were reckoned as equivalent to 5 c.c. of them. 

A description of the absorption spectra at different stages here 
follows, the measurements being expressed both in oscillation-fre- 
quencies and wave-lengths. 

The diagram on p. 558 shows the most characteristic portion of the 
curves, which were plotted in the usual manner as in the investigation 
of organic compounds. 

In explanation of the diagram, the following notes are appended. 

Standard of volume 40 c.c. The weight of substance contained in 
40 c.c. when viewed through different thicknesses which are specified, 
or in the case of thallium nitrate, which is less soluble, through 
equivalent thicknesses, is shown below : 


HNO,. KNO,. AgNO,. TINO,. 
1st Series. grams. grams. grams. grams, 
Ist dilution { 5 mm. 1:26 2°02 3°38 5°32 
Ll » 0°252 0°404 0°672 1-064 
2nd dilution 1 mm. 0°0504 0:0808 0°1344 0°2128 
Molecular proportions 63 101 169 266 


With regard to 40 c.c., it may be remarked that it was found by 
experience to be a convenient standard to work with, since in the 
cells which were used it is a volume which very nearly occupies a 
cube, and consequently linear measures of the layers of liquid 
examined represent proportional weights or molecular proportions of 
the dissolved salt in the path of the rays. 

These curves are such as I have previously described as curves of 
molecular vibrations. 
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lst Series.—Silver Nitrate. 
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AgNO,, 16°9 grams in 40 c.c. 


Thickness of layer of 
SE eer 5 mm 4mm. 3 mm. 2 mm. 1mm. 
| 
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AgNO,, 16°9 grams in 200 c.c. 


Spectrum extends to 
Ray transmitted at 


3008 | 3324 3806 | 9564 3896 | 2564 138896! 2564 | 3896 | 2564 


3647 | 2740 


AgNO,, 16:9 grams in 1000 c.c. 


Spectrum extends to..... sve | 2564 


| 4028 | 2482 


4028 


nates 2482 ae | 2482 


The transmission of an isolated strong line indicates the position of a feeble band 
of absorption lying between it and the continuous spectrum, also that the absorp- 
tion is greatly weakened and is beginning to fade away. This remark applies to 
the descriptions of other spectra which will follow. 


AgNO,, 16°9 grams in 5000 e.c. 
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It will be remarked that the absorption curves of nitric acid 
and potassium nitrate are identical in every particular, whilst those 
of silver and thallium nitrates are somewhat different, not only from 
that of nitric acid, but each differs from the other. The salts with 
high molecular weights are those which exhibit the greater extent of 
absorption, and moreover the absorption band extends further 
towards the less refrangible rays. The loading of the molecule pro- 
duces a similar effect in organic substances as is now well known. 

2nd Series.—Normal solutions of nitrates were made and examined 
through a uniform thickness of 200 mm., the solutions being diluted 
successively through 1/2, 1/4, 1/20, 1/100, 1/200, 1/300, 1/400, 1/500, 
1/600, 1/700, 1/800, 1/900, and 1/1000 volumes of water. The final 
dilution may be expressed as a gram-molecular weight of the substance 
contained in 1000 litres. 

It was necessary to carry the dilutions thus far in order to ascertain 
whether or no a second absorption band occurred in the region of rays . 
more refrangible than those absorbed by nitric acid, since a band 
might be introduced by the metallic element of the salt. The follow- 
ing measurements are recorded in oscillation frequencies only, which 
are the reciprocals of the wave-length numbers. 


2nd Series.—Nitrie Acid. 
Normal solution ; 63 grams per litre. Column of liquid 200 mm. 


Spectrum continuous 
Dilution. to 
Wa, 
1/1 2884. 
1/2 2884. 
A line at 2938. 
1/4 2884. 
Line at 2988. Absorption Band. Rays transmitted. 
1/20 3004. WA, Wa. 
Line feeble 3069. 8069 to 3842. Line at 3842, 
1/100 3155. 3155 to 3504. 3504—3902. 
1/200 3155. 3155 to 3504. 3504—5940. 
1/300 The same as 1/200, but absorption band less 
marked. 
Rays transmitted to 4050. 
1/400 to 1/900 | The same, 
Spectrum ends at 4050. 


METALLIC NITRATES. 563 


Qnd Series.—Potassium Nitrate. 


Normal solution ; 23°] grams in 200 c.c. Various dilutions ; 200 mm. 


Dilution. 


1/1 
1/2 


1/4 
[1/20 
1/100 


1/200 
1/300 to 1/900 


Spectrum continuous 
to 


Wa, 
2884. 
2884. 
Line very feeble 2938. 
2884. 
Line stronger 2938. 
2884. 
Lines very feeble Absorption Band. Just visible 3836. 
3004—3062 Ma, 
3155. $155 to 3504. 3504 to 3905. 
Lines very feeble 3808 and 3341 
3062 Rays feebly transmit- 3504 to 3894. 
ted to 3504. 
The same, a weakness seen between 3062 and 3471. 
Spectrum ends at 4034 


Qnd Series.—Silver Nitrate. 


Normal solution ; 33°98 grams in 200 ¢c.c. Various dilutions ; column 


of liquid, 200 mm. in thickness, 


Dilution. 


0 
1/500 to 1/1000 


Spectrum continuous 
to 


Wa, 
2813. 
2884. 
2938. 
8004. Absorption band. 
Line feeble 3069. Wr, 
$149. 3149 to 3836. Line visible at 3836. 
3149, $149 to 3504. 3495 to 3940. 
3149. The same. 3495 to 3940. 
The band has disappeared, rays continuous to 4034. 
The same, rays continuous to 4120. 


This solution was brilliantly clear and it remained five days exposed 
to diffused sunlight without becoming opalescent or discoloured in 
the slightest degree. 
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2nd Series.—Stlver Nitrate. 
Normal solution diluted. Column of liquid, 200 mm. 


Dilution. — continuous 
Wa, 
1/1 2813. 
1/2 2884. 
1/4 2938. 
1/20 3004. 
A line at 2938. Absorption band. 
1/100 3149. 1/r, Line visible 3836. 
1/200 3149. 3149 to 3504. Rays transmitted 
The same. 3495 to 3940. 
1/300 3149. Absorption complete. 3495 to 3940, 
1/400 4034 rays continuous, absorption band ceases. 
1/500 to 1/900 | The same, with the spectrum becoming stronger. 
1/1000 Rays continuous to 4120. 
Water transmits to +/A 4555, a line may be seen even beyond this 
about 1/a 4668 ? 


It is worthy of remark, as showing the purity of these solutions, that 
the silver nitrate has retained absolute freedom from deposit or any 
sign of coloration after being exposed to light for two years. It is 
also quite neutral to litmus. 

3rd Series.—In this series of observations, advantage was taken of 
the fact that the nitrates as a rule show their most characteristic 
absorption spectra between the dilutions of 1/20th to 1/100th of a 
normal solution. 

This is to be observed by examining the lst and 2nd Series. The 
meaning to be attached to the expression 1/20th normal is that an 
equivalent weight of a salt in grams is contained in the volume 
of twenty litres of water, and so on. 


3rd Series.—Nitrie Acid. 
Normal solution ; 63 grams per litre. Column of liquid, 200 mm. 


Dilution. tens continuous 
1/2. Ray just visible at 
1/20 3069. Absorption band. 3836. — 
1/30 3069. Wa, Rays transmitted. 
1/40 3084. 8084 to 3652. 8652 to 3894. 
1/50 8084—3156. $156 to 3585. 8585 to 3894. 
1/60 3084—3156. 8156 to 3545. $545 to 3940. 
1/70 3156. $156 to 3497. $497 to 3940. 
1/80 3156. 3156 to 3497. 3497 to 3940. 
1/90 8156. Lines exceedingly 8504 to 3940. 
feeble are trans- These lines are 
mitted here. not of normal 
intensity. 
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3rd Series.—Lithium Nitrate, LiNO,. 


Normal solution ; 69 grams per litre or 13°8 grams in 200 ¢.c. Column 
of liquid, 200 mm. 
Dilution. pagans continuous 
a, Absorption. band. Rays transmitted. 
Very feeble. 
1/20 3069. 3069 5 3766. 3766 to 3900. 
1/30 3076. 3076 to 3579. 3579 to 3900. 
1/40 3149. 3149 to 3495. 3495 to 3900. 
1/50 3149. 3149 to 3495. 3495 to 3940. 
1/60 3149. 3149 to 3495. 3495 to 3940. 
Rays very feebly’ 
transmitted. 
1/70 3149. The same. The same, 
a band. 
1/80 3267. 3267 to 3459. 3459 to 3940. 
Very feeble. 
1/90 The same. Absorption band. 3940. 
Still strong, but there 
are some rays feebly 
visible in it, which 
indicates that it is about 
to be weakened. 


It was found subsequently that this salt contained water in the 
proportion indicated by three molecules of water to four of lithium 
nitrate. This requires 82°5 grams instead of 69 grams per litre, 


38rd Series.—Silver Nitrate. 


Normal solution. Column of liquid, 200 mm. 


Dilution. Spectrum continuous 
In, 
1/20 3004—3069. Rays just visible at 
’ 1/30 3069. Absorption band. 3836. 
1/40 3069. Rays transmitted. 
3069 to ‘8579. 3579 to 3900. 
1/50 3148. 3148 to 3579. 3579 to 3900. 
1/60 3149. 3149 to 3495. 3495 to 3900. 
1/70 3149. 3149 to 3495. 3495 to 3900. 
1/80 3149. 8149 to 3495, 3495 to 3900. 
but rays very feebly 
transmitted from 
8267 to 3300. 
1/90 3149. Rays very feebly 8495 to 3900. 
: transmitted. 


566 HARTLEY: THE ABSORPTION SPECTRA OF 


4th Series.—A fourth series was taken in which normal solutions 
were not diluted, but examined in columns of different lengths, com- 
mencing with 200 mm. and decreasing thus: 100 mm., 50 mm., 40 
mm., 30 mm., 25 mm., 15 mm., 10 mm., 5 mm., 4 mm., 3 mm., 2 mm, 
As through 200 mm. the absorption effect is caused by one gram- 
molecular weight of the salt, in 2 mm. it is the effect of 1/100th of 
this weight. This remark is equally applicable to the dyad metals to 
which the term ‘normal’ must be applied in the usual sense of 
NO,/1000 employed in volumetric analysis. 

Comparison of differences in length of column of liquid of normal 
strength with the corresponding dilutions ; 


200 mm. Normal 15 mm, 3/40ths Normal 
100 1/2» 10 2/40ths__,, 
50 1/4th ,, 5 1/40th_—si,, 
40 1/5th ,, 4 1/50th_ i, 
30 3/20ths__,, 3 3/200ths__,, 
25 1/8th _,, 2 1/100th —,, 
20 1/10th_ ,, 1 1/200th__—i,, 


Lithium nitrate. 69 grams of salt per litre or 13°8 grams in 200 c.c, 
of solution. This was intended to be a normal solution, but after it 
had been made up, I determined the quantity of water in the salt 
and found it to be in the proportion of 3H,O to 4LiNO,, but it is not 
to be supposed that this was in the nature of a crystalline hydrate, 
the salt being somewhat hygroscopic. The solution of lithium nitrate, 
intead of being normal, was only 5/6th normal, as 83 parts should have 
been dissolved instead of 69. 


Ath Series—Lithium Nitrate. From 200 mm. to 2 mm. 


Thickness. (Spectrum continuous 
to 
mm, WA, 
200 2884, 
100 2938. 
50 2938 feebly to 3000. 
40 3000. 
30 3000. 
25 8000 feebly to 3062. 
15 3000 feebly to 3076 ~=Absorption band. 
Wr, Rays transmitted. 
10 3076. 3076 to 3766. 3766 to 3900. 
5 8076 feebly to 3149. 3149 to 3766. 3766 to 8900. 
4 3149. 3149 to 3488. 8488 to 3940, 
Lines very feeble seen 
about 3267 and 3808. 
8 3149. The same. 8488 to 3940. 
2 8149. Rays weak, but continuous to 8940. 


‘ions 
com- 
.» 40 
mm, 
ram- 
h of 
ls to 
» of 


rmal 
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4th Series.—Sodium Nitrate, NaNOsy. 


Normal solution ; 85 grams per litre, or 17 grams per 200 c.c. 


Thickness. 


Spectrum continuous 


to 
mm. Wa, 
200 2938. 
100 2990. 
50 2990. 
30 3004. 
20 3004—3069 very feeble. 
15 3004—3069 feeble. Absorption band. Rays transmitted 
Mr, very feebly. 
10 3069. 3069 to 3766. 3766 to 3884. 
Isolated 
lines. 
5 3069—3155. 3155 to 3579. 3579 to 3900, 
4 3069—3155. 3155 to 3535. 5335 to 3900. 
3 3069—3155. 3155 to 3504. 3504 to 3900. 
2 3069—3155 3155 to 3440. 3440 to 3940. 
Rays here transmitted 
very feebly. 
‘ 3274 to 3308, 
4th Series.—Potassium Nitrate, KNO,. 
Normal solution. 
Thickness. — continuous 
mm. TL 
200 2884. 
100 2940. 
50 2940—2983. 
40 2983—3004. 
30 3004. Line very faint at 
20 3047—3069. Absorption band. 3836. 
15 3047—3069. Wa, 3836. 
10 8069. * 3069 to 3760. 3760 to 3900 very 
feeble. 
5 3076—3155. 8155 to 3579. 3579 to 3900. 
4 3155. 3155 to 3504. 3504 to 3940. 
3 3190. 8190 to 3459. 3459 to 3979. 
Rays about 3274 and 
3375 feebly trans- 
mitted. 
2 3190. Rays transmitted from 3267 to 3979, but 


very imperfectly between 3341 and 3459, 
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4th Series.—Thallium Nitrate. 


Owing to the sparing solubility of this salt, the solution was made 
1/4th normal. 200 mm. to 2 mm. 


! 
Thickness, Spectrum continuous to 


mm, Mn, 
200 2946. 
3004. 
3004 to 3069 feeble. 
3069. Absorption band. Very feebly 
Wn. transmitted. 
3069. 3069 to 3652. 3652 to 3836. 
3069 feebly to 3155. 3155 to 3535. 3535 to 3894. 
3069 ee 3155. 3155 to 3535. 3535 to 3894. 
3155. 3155 to 3440. 3440 to 3940. 
Rays very feebly 
transmitted about 
3267 and 3375. 
5, 4, 3, and 2 | Rays continuous and strong to 3267 and feeble from 3267 to 


There is a deceptive appearance when curves are drawn from spectra 
taken only at the above points, so that, for instance, thallium nitrate 
appears practically the same as potassium nitrate when allowance is 
made for differences in the strengths of the respective solutions. 
Compare the curves of the lst Series and it will be seen that there 
is a great difference between them. 


4th Series.— Magnesium Nitrate, Mg(NO,),,6H,O. 
Normal solution ; 256°4 grams per litre, or 51°3 grams per 200 c.c. 


The spectra of the dyad metals are not strictly comparable with 
those of the monad group. 


Thickness. Spectrum continuous to 


mm, Wr, 
200 2798. 
100 2884, 
50 2938. 
40 2988. 
Isolated 
line. 
35 2938—2990, 
30 2990—3004. 
20 2990—3004. 
15 2990—3004. 
Ar isolated 
10 3004—3069 very faint. line very faint. 
5 3069. Absorption band. 3842. 
A 


4 3069. 38069 to 3772. 3772 to 3900. 
3 8069—3149 8149 to 3652. 8652 to 3900. 
very 
feeble. 
3069—3149 3149 to 3504. 3504 to 3940. 
very 
feeble. 
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4th Series.—Calciwm Nitrate, Ca(NO,).,4H,O (Ordway). 
Normal solution ; 47°2 grams per 200 c.c. 


Thickness. “nie continuous 


WA, 

2938. 

2938. 

2938. 

3004. 

3004. 

3004. 

3069. Absorption band. Line indicated faintly. 

3069. Absorption band. 3842. 

8069. 1A, 3842 very feeble. 

3069—3149 very faint. 3149%08772 3772 to = feebly 

visible. 

3069—3149 very faint. 3149 to 3660. 3660 to 3905 feeble. 

8076—3149. 3140 to 3504. 3504 to 3916. 
Rays feebly 
transmitted. 


4th Series.—Zine Nitrate, Zn(NO,),,6H,O. 


Normal solution ; 297 grams per litre, or 59°46 grams per 200 c.c. 


Thickness. “eae continuous 


Wa. 
2884, 
2884. 
2938. 
2938—29765. 
2975. 
2975—3002. 
3002—3076. 
3076. Absorption band. 
3076. MA. Rays transmitted. 
3076. : 38076 to 3646. 8646 to 3894 very 
faintly. 
3076—3155. 3155 to 3646. 3646 to 3894 
feeble. 
3155—3328. 3328 to 3426. 8426 to 3940 
feeble. 
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Ath Series.—Barium Nitrate. 


This salt being sparingly soluble, a solution 1/4th normal was used ; 
65°25 grams per litre; 200 mm. to 2 mm. 


Thickness. “om continuous 


Ma, 
2938. 
2938 to 8004 feeble. 
3004 to 3047 feeble. 
3004 to 8047 feeble. Absorption band. 
1A Rays transmitted. 


3047. 3047 to 3772. 3772 to 3905. 
3047. 3047 to 3772. 8772 to 3905. 
3047 to 3155 very faint. 3155 to 3652. 8652 to 3905. 
3047 to 3155 feeble. 3155 to 3535. 3535 to 3940. 
3204. 3204 to 3535. 3585 to 3985. 

Rays fully transmitted 

here. Partial absorp- Strong and con- 

tion. tinuous. 

8204. Absorption band still 3471 to 3985. 

visible although rays 

fully transmitted. Rays continuous. 
Continuous spectrum to 3985, but enfeebled between 3204 and 
3471 


Absorption between 3204 and 3471 almost invisible. 


4th Series.—Lead Nitrate. 


A sparingly soluble salt. The solution was made seminormal ; 165-45 
grams per litre ; 200 mm. to 2 mm. 


Thickness, "ae continuous 


1A, 
2884. 
2884 feebly to 2938, 
2938 feebly to 2982, 
2990 feebly to 3007. 
3007. 
3007 to 3047 feebly. 
3007 to 3062 feebly. Absorption band. ; 
3062. WA. Rays transmitted. 
$062 to 3148 feebly. 3148 to 3760. 8760 to 3836. 
3062 to 3148 feebly. 3148 to 3760. 3760 to 3836 

stronger. 

8148 to 3272 feebly. $274 to 3585. 3535 to 3894. 
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There is a slight difference in the curves drawn from the measure- 
ments of the magnesium, calcium, and zine nitrates when normal 
solutions of each are examined in columns of 200 mm. long and shorter 
columns down to 20 mm., also in smaller thicknesses varying between 
15 mm. and 2 mm. 

The variation is in the extent of the continuous rays transmitted in 
the first instance, and in the form of the curve in the second. The 
barium and lead nitrates present considerable differences with respect 
to absorption of the rays in small thicknesses. These salts are, how- 
ever, less soluble than the former, and the results, in consequence, are 
not quite strictly comparable without corrections for the barium nitrate 
and lead nitrate, their solutions being one-quarter normal and semi- 
normal respectively. 

Gram-molecular weights of the following nitrates contained in 
1000 c.c., show a complete absorption of all rays beyond the wave- 
lengths indicated, when a column 200 mm. in length is photographed. 


A A 
346 357 
346 340 
340 346 
346 340 
355 340 
346 

343 

Th 1/100" 2883 346 


Series 5.—Comparison of the spectra of nitric acid, potassium 
nitrate, and silver nitrate, when normal solutions are examined in 
cells of different thicknesses, and when these solutions are diluted in a 
corresponding ratio and contained in a tube of 200 mm. in length. 
Thus 10 mm. of a normal solution were compared with 200 mm. of a 
solution 1/20th normal, and 4 mm. of a normal solution with 200 mm. 
of one 1/50th normal. It may be remarked here that measurements 
of spectra cannot be made with such accuracy through 200 mm. as 
through 10 mm. or any smaller thickness, the boundary of the absorp- 
tion bands being not so sharp, hence some difference in the reading 
may be anticipated. The refraction of the length of the column of liquid 
tends towards a diffusion of the absorbed rays. 
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5th Series. —Nitrie Acid. 


Rays continuous to Absorption band. Rays transmitted. 
mm. 1/r 1/A 1/d 1/r /A 
200—1/20th 8084 3084 to 3772 3772—3784—3905 
10—normal The same feeble The same The same 
200—1/50th | 3084—38155 3155 to 3504 3504 to 3940 
4—normal The same The same The same 
Potassium Nitrate. 
1/r 
200—1/20th 8069 3069 to 3766 3766, 3782, 3836 
10 —normal The same feeble The same The same 
200—1/50th 3069—3155 3155 to 3510 8510, 3540, 3905 
4—normal The same The same The same 
| | 
Silver Nitrate. 
10—normal 3004 | — none 
3585, 3652, 3706 
5—normal 3069 | 8069 to 3585 the last barely visible 
4—normal 3069 3069 to 3540 8504, 3585, 3652 
200—1/20th 3004—3069 feeble —_ none 
200—1/40th 3069 3069 to 3579 3579 to 3900 
200—1/50th 3148 3148 to 3579 3579 to 3900 


From another solution of silver nitrate and another series of photo- 


graphs : 
10—normal 3002 _ none 
4—normal 3067 | 8067 to 3531 3531 to 3638 
200—1/20th 3067 _ — 
200—1/50th 3067—3150 feeble | 8150 to 3531 3531 to 3888 


It will be observed that in nitric acid and potassium nitrate, 200 mm. 
of 1/20th normal solution yields the same spectrum as 10 mm. of a 
normal solution ; and 200 mm., 1/50th normal, the same as 4 mm. of 
the normal solution. But with silver nitrate there is a considerable 
difference in this respect, inasmuch as the more dilute solutions trans- 
mit rays more freely through thicknesses 20 and 50 times as great as 
that of the solution which is of normal strength, although no less than 
the same quantity of nitrate is contained in each corresponding 


solution. 
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This difference I believe to be due to the action of light, although I 
do not propose at this stage of the investigation to formulate any views 
of the actual change in the constitution of the solution, whether due to 
ionisation or otherwise, but there is reason to believe that the action 
of radiant energy on dilute solutions is of more frequent occurrence 
than is usually admitted or taken into account ; in other words, there 
are several other salts which are affected besides those to which such 
action is usually admitted to be a cause of change in constitution. I 
will merely mention three, namely, cobalt, nickel, and manganese ; to 
these, I think, may also be added lithium. In the three former, we 
must not lose sight of the possible effect of atmospheric oxygen, although 
whatever the effect of oxygen may be, it-is light which brings about 
the change. It is not only on the surface, but within the liquid and 
upon that side of the containing vessel which is exposed to the light 
that the action is most vigorous. This fact was observed in nickel 
bromide, independently of any observations of mine, by Mr. J. A. 
Cunningham, B.A., who was assisting me at the time with some work 
on the properties of solutions (Sci. Trans. Roy. Dubl. Soc., 1900, [ii], 
7, 253). 

It is worthy of note, as tending to dispel all doubts on the subject 
of the purity of the silver nitrate solutions, that they were perfectly 
neutral, and that they have been kept for more than 2 years in white 
glass bottles freely exposed tv the light of day without the slightest 
change in their appearance. This is a proof that no organic matter or 
any impurity has affected them. 

The absorptive power of the thorium salt is very astonishing. On 
the first plate that was exposed there was little of a spectrum to be 
seen. The solution was then diluted 100 times, and through 200 mm. 
a continuous spectrum was transmitted as far as wave-length 346. 

These measurements serve to explain what has been recorded by 
Liveing (Zrans. Camb. Phil. Soc., 1900, 18, 298), namely, that strong 
solutions of the nitrates have a genera! absorption of the more refrang- 
ible rays, and in this respect these salts differ from the chloride and 
acetate of didymium and from the chloride of erbium. 

Ata future date, an account will be given of some solutions which, 
owing to their mode of preparation, may be deemed to be more strictly 
comparable with each other, and an opportunity may then occur of 
discussing the whole of the results. 

Note.—Since the above was written, G. P. Drossbach (Ber., 1902, 
35, 91), working with 10 per cent. solutions of colourless metallic 
nitrates and a thickness of 20 mm. of liquid, finds that there is a 
general absorption of the rays beyond A 340. Absorption bands 
become visible when the solutions are diluted. 

I have purposely excluded from the present communication an 
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account which had been prepared of the finely-marked absorption 
bands exhibited in the ultra-violet region by nickel, cobalt, and uranium, 
in the form of bromides, chlorides, and acetates. The bands are 
characteristic of the metallic elements, and they lie in a region of rays 
less refrangible than that of the bands of the nitrates. In some cases, 
one band is affected by the other, so that the question which is in 
course of investigation would become complicated. 


LXI.—The Resolution of Pheno-a-aminocycloheptane 
into its Optical Isomerides. Tartrates of Pheno- 
a-aminocycloheptane and of Hydrindamine. 


By Freperic Stantey Kippine and ALBERT Epwarp Hunter. 


PHENO-a-AMINOCYCLOHEPTANE (Kipping and Hunter, Trans., 1901, 
79, 602) and pheno-a-aminocyclopentane (a-hydrindamine), being very 
similar in constitution, especially with regard to the nature and 
position in the molecule of the asymmetric carbon group, as shown in 
the following formule, 


CH,-CH,-CH. CH,-CH 
CH.<oHiNH,}-CH> CoH. oHiNH, 
Pheno-a-aminocycloheptane. Pheno-a-aminocyclopentane. 


it seemed possible that the two bases would behave ina similar manner 
towards a given optically active acid ; if this actually proved to be the 
case, the study of the compounds of pheno-a-aminocyc/oheptane 
might throw some light on the nature of those hydrindamine salts 
which have recently been investigated (Kipping, Trans., 1900, ‘77, 
861 ; 1901, '79, 430) and appear to be altogether abnormal. 

The experiments which have so far been made with the cyclo- 
heptane derivative have shown, however, that the two bases behave 
quite differently ; whereas d/-hydrindamine hydrogen tartrate is not 
changed by fractional crystallisation from water, the corresponding 
compound of d/-pheno-a-aminocycloheptane with d-tartaric acid is 
readily resolved into the salts of its enantiomorphously related com- 
ponents. 

Of these two salts, the more sparingly soluble is that of the /-base, 
which is thus easily isolated ; it is almost optically inactive, owing to 
the molecular rotation of the base being approximately equal to that 
of the acid, but of opposite sign. 

The active base does not show the least tendency to undergo racem- 
sation, and when liberated from its salts or when submitted to 
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distillation in steam, its optical properties seem to remain absolately 
unchanged ; further, when treated with benzoyl chloride and sodium 
hydroxide, it yields an‘optically active benzoyl derivative, and although 
the sign of rotation is changed, there is no evidence of even partial 
racemisation having occurred. 

These observations might be quoted in support of the view that the 
existence of the hydrindamine salts already referred to cannot be 
explained by assuming that the optically active hydrindamines 
immediately undergo complete racemisation when liberated from their 
salts (Trans., 1900, '77, 878, 909); but considering that in the case 
of other bases, almost as closely related to pheno-a-aminocycloheptane 
in constitution, as, for example, in that of tetrahydro-8-naphthyl- 
amine (Pope and Harvey, Trans., 1901, '79, 74), partial racemisation 
occurs when the base is set free from its salts and when it is benzoylated 
by the Schotten-Baumann method, it would seem that arguments based 
on analogy have little, if any, value as regards such reactions. It would 
follow, therefore, that even if racemisation of amino-compounds, in which 
the amino-group is directly united with the asymmetric carbon atom, 
is due to tautomeric changes, >CH*NH, = >C:NH,, as pre- 
viously suggested, such changes are not necessarily intermediate 
steps in the formation of salts or in the production of alkyl derivatives. 

The relationship between the various salts which have been obtained 
from di-pheno-a-aminocycloheptane and d-tartaric acid is not without 
interest, and of the five (or six) compounds which might be prepared, 
namely, 


dB lB dB 
L aa {ts Il. dA {iz IIL. d4lB IV. dA { ay. a4, 
all have been isolated and studied. 

The first of these compounds, a normal salt, is deposited from 
neutral and also from acid solutions ; it may be regarded as a partially 
compensated compound, but may possibly be more complex in char- 
acter and consist of a partially racemic compound of the two salts, 


(V1) ad} op + aA {ip 

The normal salt of the /-base (II) cannot be obtained directly by 
crystallising solutions of the d/-base in aqueous tartaric aesid, but was 
prepared from the pure /-base; it is more readily soluble in water 
than the normal salt (I) of the d/-base, and also more readily soluble ‘ 
than the hydrogen salt (IIT). 

The hydrogen salt of the /-base (III) is obtained by crystallising a 
solution of the di-base in a large excess of aqueous d-tartaric acid, 
and is consequently more sparingly soluble than the corresponding salt 
of the d-base (V); it contains 3 mols. H,O. The normal salt of the 
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d-base (IV) can be isolated from the mother liquors obtained in the 
crystallisation of the preceding compound; it is anhydrous. The 
hydrogen salt of the d-base (V) was obtained by crystallising the 
normal salt from aqueous tartaric acid. 

The tartrates of dl-hydrindamine behave differently from the 
corresponding salts of the cycloheptane base. The hydrogen tartrate 
is easily obtained in crystals from a solution of the base (1 mol.) 
in aqueous d-tartaric acid (1 mol.); it is readily soluble in water, 
and is unchanged on repeated fractional crystallisation. The normal 
tartrate is still more readily soluble, and does not yield salts of 
enantiomorphously related bases when fractionally crystallised. 

The bromocamphorsulphonates of pheno-a-aminocycloheptane and 
of hydrindamine, like the tartrates, fail to show the similarity in 
properties which might have been expected ; whereas the salt of dl- 
hydrindamine crystallises very readily and can be resolved into unequal 
quantities of the isomerides already described (Kipping, Joc. cit.) ; that 
of the dl-cycloheptane base is usually deposited as an oil which 
solidifies very slowly and does not lend itself to fractional crystal- 
lisation, The bromocamphorsulphonate of the /-base, on the other 
hand, crystallises with great facility even at about 100°, so that the 
opposite behaviour of the d/-salt is obviously due to the fact that it is 
@ mixture. 

The examples afforded by the above salts may be employed to give 
precision to the term ‘partial racemism’ or ‘ partially racemic’ which, 
first used by E. Fischer (compare Ladenburg, Ber., 1898, 31, 938), has 
come to be employed rather in a wide sense to denote salts of a d- or /- 
acid with a di-base, or of a d-or /-base with a dl-acid, which may be 
very different in character. 

According to Ladenburg (/oc. cit.), a partially racemic compound is 
“eine Verbindung zweier Koérper, die nur theilweise Spiegelbilder sind, 
so dass also durch die Verbindung nur eine theilweise Aufhebung der 
optischen Activitat stattfindet und der racemische Kérper noch 
optische Activitat besitzt,” and he applies this definition more par- 
ticularly to the salt of di-methylglutaric acid with quinine and to the 
salt of di-tartaric acid with strychnine (Ber., 1898, 31, 1969) ; these 
salts, however, he seems to regard as derivatives of racemic acids, for 
he says further that the quinine salt “kein Gemisch der Salze von d- 
und /-Siure, sondern ein einheitliches Salz ist, also nur das Salz der 
racemischen Siure sein kanr,” and he also represents the strychnine 
salt by the formula rC,H,0,,2C,, H,.O,N,,6$H,0. 

Now it is rather difficult to understand Ladenburg’s point of view in 
this matter, since a racemic acid is merely a crystalline combination of 
the d- and /-isomerides, and has noexistenceexceptin such a form ; when 
combined with a base, a racemic acid ceases to exist, and there are 
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formed salts of the d- and /acids, which may behave in various 
ways. 

Considering this point more generally, an externally compensated 
dibasic acid and an optically active mon-acid base may unite in solution 


= and JA { = analogous 


compounds being produced, namely, dA, dB, and JA, dB, if the acid be 
monobasic or if, being dibasic, the hydrogen salts are formed. 

The two salts thus produced (1) may be different in physical proper- 
ties and may be separable by fractional crystallisation as is frequently, 
if not usually, the case ; (2) they may unite crystallographically when 
deposited from solution, giving a substance differing in crystalline form 
and in other physical properties from one or from both its components ; 
(3) they may possibly be deposited from solution side by side in equal 
quantities forming a mere mixture; (4) they may possibly form a 
crystalline intercalation, somewhat similar to a pseudoracemic substance 
(Kipping and Pope, Trans., 1897, '71, 989) as regards its crystallo- 
graphic relationship to its components. 

An optically active dibasic acid and an externally compensated base 
may unite in solution to form three normal salts, namely, (a) dA { te 


(b) dA { r and (c) dA { ae on crystallising, the salt containing 


to form two normal salts, namely, aa} 


both bases in one molecule may alone be deposited as a definite com- 
pound, but if not, the mixture of the two salts (b) and (c) may possibly 
behave in any one of the four ways already enumerated. 

Corresponding possibilities are of course to be expected when, in any 
of the above cases, the dibasic acid and mon-acid base are exchanged 
for a di-acid base and a monobasic acid. 

Now in all the above cases, except in that in which a separation | 
occurs on fractional crystallisation and in that in which only one 
kind of molecule (a) is produced, the salt conforms to Ladenburg’s 
definition unless the meaning of ‘ Verbindung’ be interpreted as a 
crystallographic union, the result of which is to give a product differing 
from at least one of its components in crystalline form, and conse- 
quently in other properties ; if this limitation be not made, the term 
‘partially racemic’ would include a number of salts of different types 
in much the same way as did at one time the term racemic (Kipping 
and Pope, Joc. cit.) 

Before classing a salt as a partially racemic compound, it is necessary 
therefore to compare its behaviour with that of its component salts in 
much the same way as is necessary in characterising a racemic com- 
pound ; according to Roozeboom (Zeit. physikal. Chem., 28, 1899, 494), 
the method based on solubility determinations with mixtures of equal 
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and of unequal quantities of the two component salts may be made use 
of, but no experiments of this kind seem to have been made. 

Returning to the tartrates described above, it would seem that the 
partially racemic hydrogen salt of pheno-a-aminocycloheptane does 
not exist, as the mixture of the two components d4,dB, dA,/B, shows 
the behaviour noted under (1). The normal tartrate of the dl-base, 
which differs crystallographically from the normal salt, of the /-base, 
may be either a partially racemic salt or consist of identical molecules 
dA { - ; to class a compound of the latter type as partially racemic 
would be obviously incorrect, and opposed to the whole meaning of the 
word racemic as now used ; as, therefore, there are no means of dis- 
tinguishing between the two possibilities, the salt may, for the present, 
be classed as a partially compensated substance. 

The existence of partially externally compensated salts which are 
mere mixtures of equal quantities of their components, and which, 
nevertheless, cannot be resolved by fractional crystallisation, seems to 
be doubtful, although, possibly, di-hydrindamine d-mandelate is an 
example of such a substance (Kipping and Hall, Trans., 1901, '79, 442), 


EXPERIMENTAL. 
dl-Pheno-a-aminocycloheptane Tartrate. 


When di-pheno-a-aminocycloheptane, partly dissolved and partly 
suspended in water, as obtained by distilling in steam, is neutralised 
with d-tartaric acid and the solution then concentrated and allowed to 
cool, a salt separates in highly lustrous needles or prisms, and further 
quantities of the same compound are obtained on again concentrating 
the mother liquors. 

This salt has a neutral reaction to litmus, and is the normal salt of 
the di-base; it has the composition C,H,0,,2C,,H,,N. It is only 
sparingly soluble in cold water, but dissolves fairly easily on boiling ; 
it melts and decomposes at about 235°, but the rate of heating 
influences the result very considerably, temperatures ranging from 
230° to 240° being observed, according as the salt is slowly or rapidly 
heated. 

The specific rotation of the di-salt was determined in aqueous 
solution with the following result : 


0-25 gram of air-dried salt dissolved in water and the solution 
diluted to 25 c.c. gave in a 200 mm. tube a +0°26°, whence [a]p 13°. 


The molecular rotation of the salt is therefore [M],) +60°, a value 
which agrees fairly well with that calculated from the specific 
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rotations of the normal metallic tartrates, namely, [[M],) +67° 
(compare Landolt, Das optische Drehungsvermigen). 

Fractional crystallisation of this normal tartrate from water does 
not seem to resolve it into salts of the d- and /-bases, and the salt may 
be regarded as a partially compensated compound having the com- 
dB A IB 


7” dB 
position ad { 1B aA} oR +d 


into different fractions by crystallisation were not carried beyond two 
or three operations, owing to the occurrence of hydrolytic dissociation 
and consequent loss of base. 


1B} the attempts to resolve it 


Salts of 1-Pheno-a-aminocycloheptane. 


1-Pheno-a-aminocycloheptane Hydrogen Tartrate.—The mother liquors 
remaining after the separation of several crops of crystals of the 
normal salt just described give, finally, deposits consisting of very 
slender needles, which form felted masses quite’unlike the prisms of the 
normal salt; these very slender crystals consist of the hydrogen 
tartrate, as was proved by titrating a dried and weighed sample with 
sodium hydroxide solution. The presence of this salt is not due to 
excess of tartaric acid having been added, originally, but to the fact 
that the normal salt is partially dissociated hydrolytically in aqueous 
solution, and on boiling or evaporating on the water-bath the base 
volatilises with the steam. 

In order to prepare the hydrogen salt in larger quantities, the 
normal salt was mixed with one molecular proportion of d-tartaric 
acid and the mixture dissolved in a considerable quantity of hot water 5 
on cooling, however, the normal salt was deposited unchanged and the 
mother liquors gave only small quantities of the hydrogen salt together 
with the tartaric acid which had been added, and most of which had 
remained uncombined. This rather unusual behaviour is doubtless due 
to the fact that in solutions containing the hydrogen salts of the d- and 
L-bases, the normal partially compensated compound is more sparingly 
soluble than either of the hydrogen tartrates, and on crystallising a 
change occurs which may be presented as follows, dA,dB+dAJB= 


dA { $3 


1pt 4A. 

On adding a considerable quantity of d-tartaric acid to a solution 
saturated with the normal di-salt and containing a few crystals of the 
latter in suspension, the crystals slowly dissolve, but on concentrating 
the solution and allowing it to cool, the normal salt is again deposited 
in the first fractions, apparently in a pure condition ; if, however, the 
proportion of d-tartaric acid present in solution be increased, the first 
fractions consist of a mixture of the normal d/-salt and of the hydrogen 
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salt, until at last, by using a very large excess of the acid, crystals of 
the hydrogen tartrate are deposited almost, but not quite, free from 
those of the normal salt. 

The pheno-a-aminocycloheptane hydrogen tartrate which is thus 
obtained is the salt of the /-base; after one recrystallisation from 
water, it was obtained in needles melting at about 175° and having a 
specific rotation of about [a], +4°. On repeated crystallisation, it 
seems to be completely separated from any normal salt and from the 
hydrogen salt of the d-base, and is thus obtained in lustrous needles 
or prisms very similar in appearance to the crystals of the normal 
di-salt. It melts and decomposes at 181—182°, the rate of heating 
having very littie effect on the melting point. 

Unlike the normal salt, it contains water of crystallisation : 


0°1936 lost 00282 H,O at 100°. H,O=14°5. 
0°2711 ,, 0°0370 H,Ooversulphuricacidand0:'0015at100°. H,O = 14:2. 
C,H,0,,C,,H,,N,3H,0 requires H,O = 14°8 per cent. 


It seems to be rather more readily soluble in cold water than the 
normal partially compensated salt, but it is only sparingly soluble in this 
liquid and also in ethyl alcohol ; it crystallises from water unchanged 
even in absence of tartaric acid. 

As this salt is formed by the combination of a dextrorotatory acid 
with a levorotatory base, and as the two compounds have approximately 
the same molecular rotations, but of opposite signs, solutions of the 
salt are almost optically inactive. 

Two different samples were examined with the following results : 


0°4560 gram of dehydrated salt dissolved in water, the solution 
diluted to 25 c.c. and examined in a 200 mm. tube, gave a —0°03°; 
[a]p —0°8°. 

0:4974 gram of dehydrated salt under the same conditions gave 
a —0°10°; [a], —2°5°. 


The readings in these experiments being so small, the agreement 
may be considered as fairly satisfactory, and the molecular rotation, 
calculated from the mean value, may be taken as[M])»= —5°. 

As the molecular rotation of d-tartaric acid in the metallic hydrogen 
tartrates is [MJ], +42°, that of the levorotatory base would be 
[a]p —47°, a value which agrees very well with that obtained from 
observations made with its hydrochloride. 

1-Pheno-a-wminocycloheptane Tartrate-—On adding an alcoholic solu- 
tion of d-tartaric acid to an ethereal solution of J/-pheno-a-amino- 
cycloheptane, keeping the base in excess, the normal tartrate is 
deposited in crystals which melt fairly sharply at 215—217°, effervese- 
ing and turning slightly brown. 
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The salt thus obtained was quickly dissolved in hot water and the 
solution rendered alkaline with the /-base; from this solution it wa 8 
deposited in flat, transparent, triangular plates, very different in appear- 
ance from the crystals of the partially compensated normal salt, and 
apparently anhydrous. It was comparatively easily soluble in hot 
water, much more so than the hydrogen tartrate, but its solution on 
boiling gave off half of the base, and on subsequently cooling the 
hydrogen tartrate (m. p. 181—182°) was deposited. On adding 
powdered tartaric acid to a cold saturated sclution of this normal salt, 
a heavy precipitate of colourless needles of the hydrogen tartrate was 
produced. 

1-Pheno-a-aminocycloheptane Hydrochloride.—This salt was prepa 
by decomposing the hydrogen tartrate of the base with sodium 
hydroxide, distilling in steam, and evaporating the distillate with excess 
of hydrochloric acid. It separates from water in lustrous, striated 
needles or prisms and shows no signs of melting when heated at 250°; 
it is moderately easily soluble in boiling water, sparingly so in cold 
water, and very sparingly so in ethyl alcohol. 1 

In order to ascertain whether partial or complete racemisation had 
occurred in the formation of the hydrochloride from the hydrogen 
tartrate in the above manner, the halogen salt was fractionally 
crystallised from water and thus separated into two crystalline 
portions, leaving only a very small quantity in the mother liquors. 
The two fractions were then dried and examined optically. 


Fraction I. 0°272 gram dissolved in water, the solution diluted to 
25 c.c., and examined in a 200 mm. tube gave a —0°52°, whence 
[a], —24°. 

Fraction IT, 0°264 gram under the same conditions gave a —0°50°, 
whence [a], —23°7°. 

It seems from these results that racemisation does not take place 
either on liberating the active base from its salts or on heating it at 
100°, and this conclusion is confirmed by experiments described later. 

Taking the mean of the above values, the molecular rotation of the 
base would be | MJ], —47°, a result which agrees very well with that 
deduced from the observations made with the hydrogen tartrate. 


Benzoyl-|-pheno-a-aminocycloheptane, ©,,H,,N*CO-C,H;. 


This compound was prepared by treating the /-base with benzoyl 
chloride by the Schotten-Baumann method. It was immediately precipi- 
tated in crystals, and the crude product, when merely washed with — 
water and dried, melted at 174—175°. It crystallised from alcohol in 
long, lustrous needles, very similar in appearance to the crystals of the 
benzoyl derivative of the d/-base (Kipping and Hunter, loc. cit.) ; the 


582 KIPPING AND HUNTER: THE RESOLUTION OF PHENO- 


two compounds, however, differed in melting point, the derivative of 
the --base melting at 175—176°, the optically inactive compound at 
171—172°, and a mixture of the two from 160—166°. 

The benzoyl derivative of the /-base is dextrorotatory in methyl 
alcoholic solution ; it is insoluble in cold water, but moderately easily 
soluble in cold chloroform. 


Picrates of dl- and of |-Pheno-a-aminocycloheptane. 


The picrate of the di-base is obtained as a precipitate, mixed, 
apparently with a little normal tartrate, on adding a hot aqueous solu- 
tion of picric acid to a similar solution of the dl-tartrate ; it crystal- 
lises from water in yellow prisms and decomposes at about 205°. 

The picrate of the /-base, prepared from a solution of the hydrogen 
tartrate of the /-base in a similar manner, crystallises from water in 
well-defined, yellow prisms and decomposes at about 185°. 

The decotiposing points of both these picrates depend greatly on 
the rate of heating, and the compounds are consequently of little use 
for purposes of identification ; they are both moderately easily soluble 
in methyl alcohol, but only very sparingly so in cold water. 


Salts of d-Pheno-a-aminocycloheptane. 


d-Pheno-a-aminocycloheptane Tartrate—As a rule, it is not very 
- easy to isolate both the bases by crystallising the product of the com- 
bination of a d/-base with an optically active acid, as, after separating 
the more sparingly soluble salt of one of the bases, there remains a 
mixture which usually does not lend itself to further fractional crys- 
tallisation. In the case of d/-pheno-a-aminocycloheptane, however, 
owing to the unusual behaviour of its tartrates, salts of both bases 
can be obtained in a pure condition by one series of crystallisations. 
Starting with an aqueous solution of the dl-base in a large excess of 
tartaric acid, the hydrogen tartrate of the J-base is first isolated as 
already described ; the mother liquors from this salt give, on evapora- 
tion, a deposit which seems to consist of a mixture of both the 
hydrogen tartrates with free tartaric acid, but on separating this 
deposit from the remaining aqueous solution of the acid and again 
dissolving in water, crystals of the normal salt of the dl-base are ob- 
tained, because the relative quantity of free acid in the solution has 
been diminished. If, now, the normal, partially compensated salt be 
separated as far as possible, the mother liquors yield, on evaporation, 
a mixture of tartaric acid and the normal or hydrogen tartrate of this 
d-base ; this normal salt is finally obtained in a pure condition by 
further fractional crystallisation. 
This salt crystallises from water in concentrically grouped needles 
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or prisms, has a neutral reaction to litmus, and is anhydrous ; it melts 
and decomposes at about 216—217°, but unless carefully dried its 
melting point falls to about 210°. It is less readily soluble in water 
than the hydrogen salt of the d-base, and for this reason it is obtained, 
and can be crystallised, from solutions containing free tartaric acid ; 
in this case, therefore, the behaviour is similar to that of the tartrate 
of the d/-base, and the formation of this normal salt, on crystallising 
such acid solutions, may be represented as follows: 2 dA,dB= 
dA { $3 + aA. 

d-Pheno-a-aminocycloheptane Hydrogen Tartrate-—This salt is de- 
posited when excess of tartaric acid is added to a hot solution of the 
normal salt of the d-base and the solution concentrated if necessary ; 
it can also be obtained by boiling a solution of the normal salt, when 
hydrolytic dissociation occurs and half the base volatilises with the 
steam. It forms long, slender needles, melts and decomposes at 
205—206°, and seems to be more readily soluble in cold water than 
the other salts, except, perhaps, the normal tartrate of the /-base. 

d-Pheno-a-aminocycloheptane Hydrochloride.—That the ,two salts 
just described are really those of the d-base was proved by decompos- 
ing the normal salt with sodium hydroxide, distilling in steam, and 
evaporating the distillate with hydrochloric acid ; the hydrochloride 
thus obtained was identical with that of the /base in ordinary pro- 
perties, but its solution in water was dextrorotatory. ; 


0°241 gram dissolved in water, the solution diluted to 25 c.c, and 
examined in a 200 mm. tube, gave a +0°42°, whence [a], +21°8°. 


Considering the unavoidable experimental errors in dealing with 
such low specific rotations, this result agrees satisfactorily with that 
obtained in the case of the corresponding salt of the /-base. 


Tartrates of dl-Hydrindamine. 


The tartrates of d/-hydrindamine, as already stated, show little, if 
any, analogy with those of pheno-a-aminocycloheptane. The hydro- 
gen tartrate is easily obtained by mixing the base with an aqueous 
solution of one molecular proportion of the acid and then evaporating ; 
it forms masses of small needles or prisms, and is moderately soluble 
in cold water but only sparingly so in cold alcohol : 


1'5285 lost 00905 H,O at 100°. H,O=5°9. 
C,H,,N,C,H,0,,H,O requires H,O = 5°98 per cent. 


The anhydrous salt melts and decomposes at 168—169°. 
The principal points of difference between this salt and the corres- 
ponding derivative of pheno-a-aminocycloheptane are, firstly, that this 
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compound crystallises unchanged in absence of tartaric acid, whereas 
the mixture of d- and /pheno-a-aminocycloheptane salts gives the 
normal salt of the d/-base, and, secondly, that fractional crystallisation 
fails to resolve the d/-hydrindamine salt into its components. A con- 
siderable quantity of the hydrogen salt was crystallised from water a 
great number of times, and the two end fractions were then 
examined ; they were identical in melting point and in outward 
properties, and on examination in the polarimeter were also found to 
be identical optically. 


0:3955 gram of air-dried salt dissolved in water, the solution 
diluted to 25c.c. and examined ina 200 mm. tube, gavea +(0°44° 
whence [a], +13:9°. 


The molecular rotation, calculated for the anhydrous salt, is there- 
fore[M], +42°, and as that of d-tartaric acid is [M]p 42° in the 
hydrogen metallic tartrates, it is obvious that the salt contains equal 
quantities of the d- and /-bases. 

The normal tartrate of d/-hydrindamine, prepared by neutralising an 
aqueous solution of the acid with the base, and allowing this solution to 
evaporate spontaneously, crystallises in plates and melts at about 200°; 
it is much more readily soluble than the hydrogen salt and does not 
erystallise very well. When its aqueous solution is boiled, hydrind- 
amine volatilises, and subsequently the hydrogen salt is deposited. 


1-Pheno-a-aminocycloheptane Bromocamphorsulphonate. 


Since it is with d-bromocamphorsulphonic acid that d/-hydrindamine 
forms two well-defined partially externally compensated salts, it 
seemed possible that the cycloheptane base would yield analogous 
isomerides. On neutralising an aqueous solution of the acid with 
di-base and allowing the solution to crystallise spontaneously, the 
deposits were always of an oily consistency, and only very partially 
solidified, even in cold weather. Such solutions were therefore not 
examined further, but a separation of the bases with the aid of tartaric 
acid having been obtained, the base was combined with bromo- 
camphorsulphonic acid. 

The compound thus obtained crystallised with great facility from 
aqueous solutions, even on the water-bath, and was deposited in highly 
lustrous, striated prisms melting at 216—217°; it was only sparingly 
soluble in cold water, but readily soluble in alcohol. 

The specific rotation was determined by dissolving 0°45 gram in water, 
diluting the solution to 25 c.c., and examining it in a 200 mm. tube ; 
a +1°72°, whence [a], +47°8°. The molecular rotation is therefore 
[M]p +225°6°; taking that of the bromo-acid to be + 270°, the mole- 
cular rotation of the base is [M], —44°4°. This result confirms those 
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previously obtained, and affords additional evidence of the stability of 
the base as regards racemisation ; fractional crystallisation of the 
bromocamphorsulphonate failed to reveal the presence of any 
isomeride. 


This work has been carried out with the aid of a Grant from the 
Government Grant Committee of the Royal Society; the authors 
express their thanks for this pecuniary assistance. 
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LXII.—Colouring Matter from the Flowers of Delphinium 
Consolida. 


By ArTHurR GrorcE PERKIN, F.R.S.E., and Epwarp Jonn WILKINSON. 


In a previous communication (Trans., 1898, '73, 267) it was shown 
that the flowers of Delphinium zalil contain as_ glucosides iso- 
rhamnetin, quercetin, and a trace of a third colouring matter. With 
the desire at the time to study the latter compound more closely, 
attention was directed’ to Delphinium Consolida, a plant more readily 
procurable, in the hope that it might contain the same constituents. 
Experiment showed that the blue flowers contained a moderate quantity 
of yellow colouring matter which differed in composition from that 
present in Delphinium zalil. This, judging from the melting point of 
its acetyl derivative, appeared to be a mixture, and as attempts to 
effect a separation of the substances failed, the subject was laid aside 
for some time. Recently it was found that the colouring matter was 
a single substance, and its investigation was therefore proceeded 
with. Delphiniwm Consolida is a common European plant belonging to 
the Larkspur family ; its name refers to its powers, real or imaginary, 
of healing or consolidating wounds. 


Ex PERIMENTAL. 


The flowers themselves were first employed, but subsequently, to 
economise time and labour, an extract was obtained by purchase from 
Merck of Darmstadt. 

Four hundred grams of this product dissolved in 4} litres of boiling 
water were digested at the boiling point with 30 c.c. of sulphuric acid, 
causing the separation of a light coloured, viscous deposit and a con- 
siderable quantity of calcium sulphate. The hot liquid decanted from 
this was treated with 100 c.c. of sulphuric acid, again boiled for an 
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hour, and allowed to stand overnight. A dark brown, resinous precipi- 
tate containing the colouring matter was thus formed, and this was 
collected on calico, washed with water, extracted with boiling alcohol, 
and the extract evaporated to a small bulk. Addition of ether caused 
the deposition of a tarry product, and the ethereal solution was 
continuously washed with water until no further impurity separated 
in this manner. On evaporation, a semi-crystalline mass of the crude 
colouring matter was obtained, which was collected, well washed with 
water, and crystallised from dilute alcohol. In this way, 500 grams 
of the flowers gave 5:13 grams of crude colouring matter or approxi- 
mately 1 per cent. The product was now converted into its acetyl 
derivative, and this, when colourless, reconverted into the colouring 
matter in the usual manner : 


0°1128 at 160° gave 0°2614 CO, and 00319 H,O. C=63:20; H=3°14. 
0°1086 ts 0°2503 CO, ,, 0°0345 H,O. C=62°85 ; H=3°53, 
C,,H,,0, requires C= 62°93 ; H=3-49 per cent. 


It consisted of pale yellow needles resembling quercetin in appear- 
ance, melted at 276—-277°, was readily soluble in boiling alcohol and 
dissolved in alkaline solutions with a pale yellow colour. Alcoholic 
lead acetate gave an orange precipitate, and alcoholic ferric chloride a 
greenish-black coloration. It contained no methoxy-group. Addition 
of potassium acetate to its boiling alcoholic solution caused the separ- 
ation of minute, orange-yellow, prismatic needles, which were collected 
with the aid of the pump, washed with alcohol, then with a little water, 
and finally with alcohol, and dried at 160° : 


0°3265 gave 0°0875 K,SO,. K=12-01. 
05085 ,, 0°1345 K,SO, K=12°04. 
C,;H,O,K requires K = 12-03 per cent. 


This monopotassium salt closely resembles those of quercetin, morin, 


&c. (Trans., 1899, '75, 433), and is decomposed by water with separ- - 


ation of the free colouring matter. 

On adding sulphuric acid to the substance suspended in boiling 
acetic acid, a sulphate was obtained crystallising in orange-red, glisten- 
ing needles : 


0°1159 gave 0°1985 CO, and 0:0354 H,O. C=46°70; H=3°39. 
C,;H,,0,,H,SO, requires C = 46°37 ; H=3-12 per cent. 

The hydrochloride and hydrobromide were similarly prepared, but 
were not analysed, as they suffer decomposition at 100°. The hydr- 
iodide was somewhat more stable: 

0°1148 gave 0°1863 CO, and 0°0310 H,O. C=44-25; H=3-°00. - 

O,;H,)0,,HI requires C = 43-48 ; H= 2°65 per cent. 


’ 
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Action of Bromine.—To the colouring matter suspended in acetic 
acid sufficient bromine was added to convert it into a tetrabromo- 
derivative, rise of temperature being avoided. After standing for 3 
days, the product was drained on a porous tile, washed with alcohol, 
and purified by crystallisation from acetic acid with the aid of animal 
charcoal : 


0:1177 gave 0°1492 CO, and 00190 H,O. C=34°57; H=1°79. 
01525 , 0194400, ,, 00185 H,O. C=34'76; H=1°34. 
C,,H,O,Br, requires C= 34°41 ; H=1°34 per cent. 


The tribromo-compound crystallises in pale yellow needles, sparingly 
soluble in boiling acetic acid and soluble in alkaline solutions with an 
orange-yellow coloration. It melts at 275—277°. 

The colouring matter has thus the formula C,,H,,0,, and from its 
reactions is probably a member of the quercetin group. 

The acetyl derivative, prepared by heating the colouring matter with 
one part of anhydrous sodium acetate and three of acetic anhydride, 
crystallised from methyl alcohol in colourless needles. These, when 
heated, commenced to melt at 116°, became completely fluid at 120°; 
on further heating, however, gradual solidification ensued, and the pro- 
duct subsequently melted at 181—182°. When ethyl alcohol was 
employed, this preliminary liquefaction was not so pronounced, and 
only a slight sintering at 120° was observed. Investigation showed 
that no loss in weight occurred during the preliminary fusion, and the 
resolidified product was not viscous as would be expected if an impurity 
of low melting point were present. The amount of impurity, if present, 
must have been infinitesimal, and all attempts to eliminate it were 
unsuccessful ; moreover, there is evidence to show the product was a 
pure substance : 

01065 gave 0°2368 CO, and 0:0400 H,O. C=60°64; H=4:17. 

C,,H,,0;) requires C = 60°79 ; H = 3°96 per cent. 

Acetyl determinations in the usual manner gave the following re- 
sults, indicating that the compound was a tetracetyl derivative : 

0°9453 gave 0°6018 C,,H,,0,. ©,,H,,.O,= 63°66. 

42595 ,, 2°6560 C,,H,,0,. C,,H,)0,= 62°36. 

C,,;H,O,(C,H,0), requires C,,H,,O, = 63-00 per cent. 

Fusion with alkali at 200—220° gave phloroglucinol (m. p. 210°) and 
& crystalline acid melting at 208—210°. The identity of the latter 
with p-hydroxybenzoic acid was confirmed by analysis : 


01114 gave 0:2480 CO, and 0°0394 H,O. C=60°71; H=3-93. 
C,H,0, requires C = 60°86 ; H=4°34 per cent. 


Dyeing Properties.—In investigating these, mordanted woollen cloth 
RR 2 
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was employed, and the shades obtained are described, together with 
those of morin, for the sake of comparison : 


f Chromium. Aluminium, Tin. Iron. 
Delphinters Consotiday Brownish-yellow. Yellow. Lemon-yellow. _—— 
I siti cetndsiusiewes Olive-yellow. Dull yellow. Bright yellow. ae 


In this respect, therefore, these colouring matters are almost iden- 
tical, morin, however, being stronger to a slight extent. 

The reactions of the colouring matter C,;H,,O, harmonised closely 
with those given by Gordin (Diss., Berne) to kampherol, which he 
prepared from the monomethy] ether, kampheride, contained in galanga 
root (Alpinia oficinarum). Thus the melting points of these compounds 
and those of their acetyl derivatives are practically identical, and the 
decomposition products are the same in both cases. To kampherol, 
Kostanecki has given the following constitution as probable (Ber., 
1901, 34, 3723) : 


O 
JN/ 7 
we ee {Don 
AY 
OH CO 


it being thus the connecting link between apigenin (Trans., 1897, 71, 
805) and quercetin. An unsuccessful attempt was made to procure a 
copy of Gordin’s dissertation, but an extract evidently taken from it is 
given in Der Chemie der natiirlichen Farbstoffe, 1900, p. 80. In this 
description, the only distinction of importance between the colouring 
matter under discussion and kampherol is to be found in the account 
given of the dyeing properties of the Jatter, regarding which the 
following sentence occurs: “ Kimpferid sowohl wie Kiémpferol farben 
Thonerdebeize schwach gelb an.” As this is not in harmony with the 
above results, it was necessary to prepare some kampheride, and from 
this kampherol. 

In isolating the constituents of galanga root, its ethereal extract 
was treated according to the method given by Ciamician and Silber 
(Ber., 1899, 32, 861). Possibly the quality of the root varies, for the 
process employed by these authors was not entirely satisfactory. Thus 
the extract diluted with benzene gave a semi-crystalline precipitate, 
devoid of kampheride, which, after purification, melted at 292-—295°, 
gave an acetyl compound melting at 175—176°, and was identical 
with the galangin monomethyl ether described by Testoni (Gazzetta, 
1900, 30, ii, 327—329). The filtrate, on addition of light petroleum, 
deposited a brown tar, and this, on solution in hot chloroform, gave, on 
cooling, a precipitate containing kampheride and galangin, which were 
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separated by fractional crystallisation from alcohol. The kampheride 
thus obtained melted at 223—-226°, and the kampherol ; »ared from 
it at 271—272°. The latter possessed well marked dyein; properties, 
identical in all respects with those of the colouring matter of 
Delphinium Consolida, and there can be no doubt that the two are 
identical. 

A study of the acetyl derivative of kampherol from kampheride 
showed that this, when crystallised from methyl alcohol, had the same 
double melting point as that described above; further, the acetyl 
compound of kampherol obtained from robinin (this vol., p, 475) 
behaved similarly. It thus appears that this is a definite property of 
the substance. 

Molisch and Goldschmiedt (Monatsh., 1901, 22, 679) have recently 
described a colouring matter, scutellarein, which exists in the form of 
its glucoside, scutellarin, in the Scutellaria altissima, This has the same 
formula and general reactions as kampherol, and yields the same 
decomposition products, but melts at above 300°. To be certain that 
the melting point of kampherol here given was correct, a sample was 
treated in numerous ways; for example, with hydriodic acid, then 
converted into its sulphate and into its potassium compound, then 
crystallised from acetic acid, &c., but the melting point was practically 
unaltered, the final product melting at 276—277°. Scutellarein and 
kampherol, therefore, cannot be identical. 

Attempts to isolate the glucoside of kampherol which exists in the 
Delphinium Consolida have not yet been successful, but the results show 
that this compound is not robinin. 


The Dyeing Properties of some Members of the Hlavone Group. 


Being in possession of the galangin prepared as above, we studied 
its dyeing properties, with the object of gaining further insight into 
the functions in this respect of the various hydroxyl radicles contained 
in the compounds previously studied. Woollen cloth similarly 
mordanted (mordanted calico, so frequently employed by others, is of 
little service for comparing the members of this group) was employed 
in each case, and the experiments were carried out, as far as possible, 
in an identical manner. The positions of the hydroxyl radicles are 
indicated by the numbers in the following formula : 


O 
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Chromium. Aluminium. Tin. Iron. 
Chrysin, C,,H,0,(OH)s...... Yellow, faint Pale yellow. Undyed. Pale 
[5:7] orange tint. chocolate. 
Apigenin, C,,H,0,(OH), ... a Pale yellow, as Chocolate- 
(5:7:4'] slightly brown. 
stronger. 
Luteolin, C,,H,0,(OH), ... Brown- Orange- Bright Olive-black. 
(5:7:4':5'] orange. yellow. yellow. 
Galangin, Cap t02(ON)s ... Olive yellow. Yellow. Lemon- _ Deep olive. 
[5:7 23) yellow. . 
Kampherol, OyH0{OH. Brown- os Lemon- Deep olive- 
[5: 74’) yellow. yellow. brown, 
Morin, OyH,0408 pasions Olive-yellow. Dull yellow. Bright Deep olive- 
[5:7: 74’) ; yellow. brown. 
Quercetin, Agee ... Red-brown. Brown- Bright Olive-black. 
(5:7:3:3':4’] orange. orange. 
Mpyricetin, CypH.0,(0H)« - - Bright red- Olive-black. 
(5:7:3:3':4': 5’) orange. 
Rhamnetir, C040). Pr = Bright Deep olive. 
[5: 74’) orange. 
Fisetin, cuttyou0 2), arene ‘ Reddish- Bright red- Olive-black. 
[7:3:3':4'] brown-orange orange, 


Certain other colouring matters, as apigenin monomethyl ether 
(Trans., 1900, ‘77, 430), kampheride, galangin monomethy] ether, iso- 
rhamnetin, rhamnazin, &c., could be added to this list, but are omitted, 
as the above form a complete series. Only five of these colouring 
matters, luteolin, fisetin, rhamnetin, quercetin, and myricetin, con- 
tain two hydroxyl radicles in the ortho-position relatively to one 
another, a condition which Liebermann and Kostanecki noted to be 
essential in the case of the anthraquinone dyestuffs. 

Although this factor, doubtless, exercises a strengthening effect in 
the dyestuffs of the flavone series, it is not a necessity, as is specially 
evident in the cases of morin and kampherol, the former of which, 
occurring as it does in old fustic, is still most extensively employed 
in the dyeing industry. An interesting point is the marked increase 
in tinctorial property associated with the presence of hydroxyl in 
position 3, as is at once observed between chrysin and galangin, 
apigenin and kampherol, and no doubt exists between lotoflavin, 
C,;H,0,(OH), [5:7:2':4’] (Dunstan and Henry, Proc, Roy. Soc., 
1901, 68, 374), and morin ; this is again to be seen in the case of 
luteolin and quercetin, for ite presence in the latter gives strength 
and redness to the shades. It will be noted from the above examples 
that a multiplication of hydroxyl radicles in the flavone series does 
not by any means exert svch a marked tinctorial effect as is observed 
in the anthraquinone group (compare, for instance, alizarin, anthra- 
gallol, and alizarin-cyanine R) ; this is evident by the almost identical 
character of the shades given by apigenin and chrysin, by fisetin, 
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quercetin, rhamnetin, and myricetin, and by galangin, kampherol, and 
morin. The introduction of hydroxyl in the positions 4’ and 4’: 2', 
in galangin, with the respective formation of kampherol and morin, 
certainly exerts some strengthening effect, but on the other hand 
fisetin, quercetin, and myricetin do not materially differ in strength 
of shade. It is likely, however, that hydroxyl radicles in ortho-positions 
relatively to one another in the nucleus I (p. 589) would exert a more 
marked effect on the shade, for the benzylideneanhydroglycogallol, 


OH 


\ 
OH ° 


(Friedlander and Rudt, Ber., 1896, 20, 878), a member of a closely 
allied group, yields powerful and characteristic colours. The dyeing 
properties of these and other phenolic compounds are intimately con- 
nected with their property of forming monosubstituted salts (Trans., 
loc. cit.) ; this question will be discussed in a further communication, 
which it is hoped will be laid before the Society at an early date. 

A preliminary investigation of the flowers of Prunus spinosa has 
shown that these contain an apparently new colouring matter, which 
in its general reactions resembles kampherol. This will be further 
investigated. 


The authors express their thanks to the Research Fund Oom- 
mittee of the Chemical Society for a grant which has been in 
part employed to cover the expenses of this research. 

CLOTHWORKERS’ RESEARCH LABORATORY, 


Dyrine DEPARTMENT, 
YORKSHIRE COLLEGE. 


LXIIl.— Synthesis of Imino-ethers. N-Arylbenzimino- 
ethers. 


By G. D. Lanper. 


ALTHOUGH aryl substituted benzimino-ethers may be prepared from the 
benzoylated amines by means of silver oxide and alkyl iodides (Trans., 
1901, '79, 698), the yields are poor, partly owing to the relatively 
sparing solubility of the benzoyl compounds. It therefore became 
desirable to find a more economical process by which imino-ethers of 
this class can be prepared in larger quantities for the purpose of 
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studying some of their properties, and especially a process in which 
the chance of the simultaneous formation of both N- and O-ethers, 
which seems to be characteristic of methylation by means of silver 
oxide, is either absent or at a minimum. 

This ‘molecular rearrangement in the course of synthesis’ of methyl 
ethers by means of silver oxide and methyl iodide is not so character- 
istic of the benzoylated as of the acetylated arylamines. Whilst the 
methylation of aceto-o-toluidide by this process leads to the formation 
of about equal proportions of the isomeric ethers, and that of aceto-p- 
toluidide to the almost exclusive formation of the N-ether, with 
benz-o-toluidide scarcely any N-ether is formed, and with benz-p- 
toluidide about equal amounts of the two isomerides are produced. 

The possibility of preparing imino-ethers from imide chlorides and 
sodium alkyloxides, in accordance with the general reaction, 


R'CCIL:NR” + NaOR” = R’C(OR”): NR” + NaCl, 


appeared most promising ; moreover, on @ priori grounds, it was 
probably a reaction of simple replacement, and consequently one in 
which molecular rearrangement would not occur, The application of 
this mode of synthesis is not new. It has been used, among other 
instances, by Hantzsch (Ber., 1893, 26, 927) in the preparation of 
N-phenylbenzimino-pheny! ether, and by Lengfeld and Stieglitz (Amer. 
Chem. J., 1895, 1'7, 98) in the formation of ethyl isocarbanilide from 
carbodiphenylimide monohydrochloride (the imide chloride corres- 
ponding to diphenylurea). I have found that the reaction is very well 
adapted to the synthesis of aryl substituted benzimino-ethers, and that 
methyl ethers are obtainable with as great ease as the ethyl derivatives, 
no isomerisation appearing to take place. 

Our knowledge of the imide chlorides is due mainly to Wallach 
(Annalen, 1876, 184, 1), who has shown how they are derived from 
substituted amides by the action of phosphorus pentachloride, the 
group —CO-NH- giving first -CCl,“NH- and then -CC]:N-. The use 
of imide chlorides derivable from amides, as distinguished from 
compounds such as C,H,-N:CCl-NH-O,H,, C,H,*N:CCl,, and N:C-Br, 
which, although belonging to the same category, are not usually 
prepared directly from an amido-compound, is restricted as a practical 
method of imino-ether synthesis, apparently, to the benzoylated amines. 
Its application to the preparation of phenyl, o-tolyl, and p-tolyl 
substituted benzimino-ethers is described in this paper. 

Acetanilide imide chloride is difficult to prepare, as it passes at 
about 50° into the chlorinated base O,,H,,N,Cl, which is resolved by 
alcohol into two mols. of acetanilide (Wallach, Joc. cit., 86). 

In the hope that sodium ethoxide might cause the resolution of 
this compound into molecular proportions of acetanilide and N-phenyl- 
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acetimino-ethyl ether, I caused a solution of sodium in ethyl alcohol 
to act on a benzene solution of the base; the main product was, 
however, diphenylethenylamidine, probably formed by the conversion of 
the chlorinated base by the action of the ethoxide into the chlorine- 
free base C,,H,,N,, and the subsequent change of this into the amidine 
(compare Wallach, Joc. cit.). 

The imide chloride of s-benzoylphenylhydrazine (Pechmann, Ber., 1894, 
27, 322) gave, on treatment in benzene solution with‘alcoholic sodium 
ethoxide, a deep brownish-red, tarry substance, possibly a formazyl 
derivative, which was not further examined. 


EXPERIMENTAL. 
I. N-Phenylbenzimino-ethers. 


Formation of N-Phenylbenzimino-ethyl Ether from Benzanilide Imide 
Chloride 


In the earlier experiments on the formation of this imino-ether, 
the benzanilide imide chloride, prepared as directed by Wallach (loc, 
cit.), was purified by distillation in a vacuum, a procedure subsequently 
found to be unnecessary. In the first instance, the action of dry sodium 
ethoxide on a solution of the imide chloride in light petroleum was 
tried. The liquid acquired a dark brown colour, but after several 
hours’ boiling the reaction was incomplete. Most of the solvent having 
been distilled off, the residue was extracted with water, and on distil- 
lation in a vacuum, a small quantity of a yellowish-brown liquid 
having all the properties of N-phenylbenzimino-ethyl ether was ob- 
tained. The employment of an alcoholic solution of the ethoxide leads, 
however, to the production of imino-ether, both rapidly and in excel- 
lent yield. The method of preparation finally adopted may be des- 
cribed. 

Fifty grams of benzanilide and 51 grams of phosphorus pentachloride 
were fused together, warmed gently until the evolution of hydrogen 
chloride had ceased, and the phosphorus oxychloride disti!!sd off in 
a vacuum. By extraction of the residue with light petroleum and 
filtration, a somewhat opalescent but practically pure solution of the 
imide chloride was obtained. 

A solution of 5°5 grams of sodium in the requisite amount of ethyl 
alcohol was added to this solution, which was cooled, the addition 
requiring only a few minutes, and the resulting product having an 
alkaline reaction. The sodium chloride was extracted by water, the 
petroleum solution filtered from some benzanilide, dried with calcium 
chloride, and the product distilled in a vacuum. By this means, 
415 grams of N-phenylbenziminv-ethyl ether, boiling at 175—177° 
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under 16 mm. pressure, was obtained. The boiling point is 172° 
under 15 mm,, 168—170° under 14 mm., and 220—230° under from 


20 to 30 mm. pressure : 


0:128 gave 7 c.c. moist nitrogen at 16° and 762 mm. N=6:37. 
C,,H,,ON requires N = 6-22 per cent. 


The compound showed all the properties of this imino-ether, readily 
undergoing hydrolysis by dilute mineral acids into aniline and ethyl 
benzoate, and giving a sticky hydrochloride which evolved ethyl 
chloride on being warmed or kept, leaving a residue of benzanilide. 

A small quantity of a substance of high boiling point was invari- 
ably formed in this as in other similar reactions. It remained as a 
glassy mass after the imino-ether had been distilled. Unless in a 
state approaching purity, it was exceedingly difficult to crystallise, in 
spite of its high melting point. The formation of this bye-product was 
considerably increased at the expense of the imino-ether by adding 
alcohol drop by drop to a boiling solution of the imide chloride, to which 
the calculated amount of sodium wire had been added, until the latter 
was dissolved ; but thus prepared, the substance resisted all attempts 
at crystallisation. The united residues of several imino-ether prepar- 
ations were crystallised from a mixture of chloroform and light petrol- 
eum, forming dense, pale yellow, prismatic crystals melting at 
170—172° without decomposition. On analysis: 


0°1486 gave 0°4515 CO, and 0:0798 H,O. C=82°86; H=5 96.* 
071278 ,, 03374 CO, ,, 0°0660 H,OQ. C=8267; H=5-73. 
01560 ,, 10 c.c. moist nitrogen at 13° and 768 mm. N =7°64. 
01330 ,, 84c.¢. sa 12° ,, 768mm. N=7°'56. 


A eryoscopic determination of the molecular weight in acetic acid 
solution gave the value 372. 

These data agree best with the formula C,,H,,ON,, which requires 
C=82'97 ; H=5°32; N=7-44 per cent, 

This is the composition of  benzoyldiphenylbenzenylamidine, 
PhO: NPh:N(COPh)Ph, with which the substance proved to be identical. 
By boiling it with moderately concentrated sulphuric acid, it was re- 
solved into benzoic acid and diphenylbenzenylamidine. The benzoyl 
derivative of the latter compound, prepared either by allowing benzoyl 
chloride and the base to interact in benzene solution, or by the Schotten- 
Baumann method, possessed the same crystalline appearance, colour, 
and melting point as the compound from the imide chloride, and gave 
N =7°56, instead of the calculated 7°44 per cent. 

It is exceedingly probable that the formation of benzoylated 
amidine from imide chloride takes place in the following manner. The 

* Analysed by Mr. G. Clarke, A.1.C. 
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alcohol used as a solvent for the sodium ethoxide causes a partial 
decomposition of the benzanilide imide chloride into benzanilide, 


PhCCI:-NPh —> PhCCI(OEt)sNHPh —>» PhOO-NHPh. 


By the action of the sodium ethoxide, sodiobenzanilide would be 
formed and yield the benzoylated amidine thus, 


PhN:CCIPh mk PhN:C Ph 
PhCO-NNaPh PhCO-NPh’ 


N-Phenylbenzimino-methyl Ether. 


By the interaction of a solution of the required amount of sodium in 
methyl alcohol and a light petroleum solution of benzanilide imide 
chloride from 25 grams of benzanilide, 18°5 grams of the imino-ether 
boiling at 157—158° under 12 mm. pressure were obtained : 


0:1858 gave 10°8 c.c. moist nitrogen at 18° and 770 mm. N=6°79. 
C,,H,,ON requires N = 6°63 per cent, 


The compound was resolved by dilute mineral acids into aniline and 
methyl benzoate, and by anhydrous ethereal hydrogen chloride into 
benzanilide and methyl chloride. 

This imino-ether has been prepared by Wislicenus and Goldschmidt 
(Ber., 1900, 33, 1471) by an application of Lossen’s method (Annalen, 
1891, 265, 138). They give 145—150° under 8 mm. pressure as its 
boiling point. 

Benzoyldiphenylbenzenylamidine was a bye-product of the synthesis, 
and in addition a small quantity of diphenylbenzenylamidine, melting 
at 143—145°, appeared to have been formed. 

Methylation of Benzanilide by Methyl Iodide and Silver Oxide.—This 
methylation was carried out for the purpose of comparison with the pro- 
cess of alkylation of acetylarylamines by the same method. The product 
obtained from 10 grams of benzanilide, 35 grams of silver oxide, and 
42 grams of methyl iodide in 50 c.c. of benzene after 3 hours’ boiling, 
consisted of 5 grams of N-phenylbenzimino-methyl ether boiling at 163° 
under 11 mm. pressure, and identified in the usual way, some unaltered 
benzanilide, and between 3 and 4 grams of benzoylmethylaniline, The 
last named compound was present in the part of the product which 
boiled between 180° and 190° under 9 mm. pressure, and was not 
obtained solid, It was freed from imino-ether by steam distillation with 
dilute hydrochloric acid, the unaltered oil separated, hydrolysed with 
moderately concentrated sulphuric acid, and the methylaniline thus 
obtained identified by means of its acetyl derivative. 
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N-Phenylbenzimino-propyl Ether. 


This compound was prepared by the action of a solution of 3 grams of 
sodium in »-propy! alcohol on the light petroleum extract of the imide 
chloride from 25 grams of benzanilide. It boiled at 180—182° under 
13 mm., and at 177—179° under 11 mm. pressure. After three dis- 
tillations, 10 grams of the desired product, displaying the usual 
reactions of an imino-ether, were obtained : 


0°1872 gave 9:2 c.c. moist nitrogen at 9° and 760mm. N=5'89. 
C,,H,,ON requires N =5°85 per cent. 


II. N-0-Tolylbenzimino-tthers. 
N-0-Tolylbenzimino-ethyl Ether. 


A light petroleum solution of the imide chloride from 20 grams of 
benz-o-toluidide was treated with 3 grams of sodium dissolved in ethyl 
alcohol in the manner already described. After three distillations, 14 
grams of imino-ether boiling at 179—180° under 15 mm. pressure 
were obtained : 


0°2344 gave 11°8 c.c. moist nitrogen at 9° and 749 mm. N=5°95. 
C,,H,,ON requires N = 5-85 per cent. 


As in the similar reaction between sodium ethoxide and benzanilide 
imide chloride, a residue of high boiling point remained after distillation 
of the imino-ether. It displayed, however, less tendency to crystallise, 
and in view of the very probable similarity between it and the product 
already dealt with, was not further examined. The same remark is 
true of the products obtained from the imide chloride of benz-p-toluidide. 


N-o-Tolylbenzimino-methyl Ether. 


The imide chloride from 20 grams of benz-o-toluidide, by interaction 
with the requisite amount of sodium in methyl alcoholic solution, gave 
15 grams of the imino-ether boiling at 173° under 15 mm. pressure : 


0:1495 gave 04375 CO, and 0°0925 H,O. C=79°81; H=6:86.* 
C,,H,,ON requires C= 80°00 ; H=6°66 per cent. 


Methylation of Benz-o-toluidide by Methyl Iodide and Silver Oxide. 
—Interaction between 35 grams of silver oxide, 42 grams of methyl 
iodide, and 15 grams of benz-o-toluidide dissolved by the aid of 60 c.c. 
of benzene, resulted in the formation of 8 grams of N-o-tolylbenzimino- 
methyl ether boiling at 170—171° under 11 mm. pressure. Nearly all 


* Analysed by Mr. G. Clarke, A.I.C. 
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the remaining product was unaltered toluidide, but after this had been 
removed as completely as possible by crystallisation from aqueous 
alcohol, a small quantity of a thick oil remained. After separation, 
hydrolysis with sulphuric acid and liberation of the base, a sufficient 
quantity was obtained to give Liebermann’s reaction, thus showing 
that benz-o-methyltoluidide was a product of the reaction. 

The influence of orientation on the properties of the substituted 
benzimino-ethers is notably less well defined than in the cases of the 
analogous substituted acetimino-compounds, indeed, scarcely any in- 
fluence can be detected by the methods applicable to the latter sub- 
stances (compare Trans., 1901, '79, 693). When cold dilute hydro- 
cbloric acid is added to the o-tolylbenzimino-ethers, solution occurs, but 
the almost instantaneous appearance of a turbidity indicates the 
commencement of the characteristic hydrolysis, and a platinichloride 
cannot be prepared, even by the addition of alcoholic platinic chloride 
to an alcoholic solution of the base. The hydrochlorides could not be 
prepared by means of anhydrous ethereal hydrogen chloride, 

I take this opportunity of making a correction and addition to the 
description of the substituted acetimino-ethers formerly described 
(loc. cit.). When freshly distilled acetyl chloride is added to a light 
petroleum solution of N-o-tolylacetimino-ethyl ether, an oil is precipi- 
tated, which solidifies on rubbing to colourless needles, fusing with 
copious evolution of gas at 109—110° and leaving a residue of aceto-o- 
toluidide. These needles are the hydrochloride of the imino-ether in a 
purer state than the amorphous salt melting at 90—91° previously pre- 
pared from the base by means of ethereal hydrogen chloride. On 
analysis, the crystalline salt gave Cl= 16°42 instead of 16°62 per cent. 
Moreover, by the same mode of treatment N-phenylacetimino-ethyl 
ether, the hydrochloride of which I have not formerly prepared, gives 
that salt in a crystalline state ; it melts evolving gas at 100°. This 
result of the action of acetyl chloride is easily explicable, bearing in 
mind the difficulty of freeing this substance from traces of hydrochloric 
acid. The reagent, however, has not proved suitable for the prepara- 
tion of the hydrochlorides of substituted benzimino-ethers. 

The only respect, then, in which orientation seems to influence the 
formation of the aryl substituted benzimino-ethers is displayed in the 
extent to which the isomeric N-methyl homologues are formed in 
methylation by means of silver oxide (Joc. cit., 696). 


III. N-p-Toylbenzimino-ethers. 


N-p-Zolylbenzimino-ethyl Ether. 


The imide chloride corresponding to 20 grams of benz-p-toluidide 
g4ve, on treatment with sodium ethoxide and four distillations of the 
VOL. LXXXI, ss 
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product in a vacuum, 15 grams of the imino-ether boiling at 178° 
under 11 mm. pressure : 


0°1730 gave 8°3 c.c. moist nitrogen at 10° and 773 mm. N=5°83, 
C,,H,,ON requires N =5:85 per cent. 


The compound possesses the usual properties of the imino-ethers, ‘but 
appears to be more stable than the corresponding N-p-tolylacetimino- 
ethyl ether. 


N-p-Tolylbenzimino-methyl Ether. 


The imide chloride from 20 grams of benz-p-toluidide gave 13-2 
grams of imino-ether, boiling after two distillations at 177° under 
12 mm. pressure : 


0°2470 gave 12°5 c.c. moist nitrogen at 11° and 770 mm. N=6'10, 
C,;H,,ON requires N = 6°22 per cent. 


Methylation of Benz-p-toluidide by Methyl Iodide and Silver Oxide.— 
The product obtained by boiling together 10 grams of benz-p-toluidide, 
35 grams of silver oxide, 42 grams of methyl iodide, and 50 c.c. of 
benzene for 4 hours, gave, on distillation, 4 grams of N-p-tolylbenzimino- 
methyl! ether boiling at 175—-182° under 11 mm. pressure, a thick oil 
distilling between 185° and 200° at the same pressure, and a residue of 
unchanged toluidide. The thick oil was a mixture of imino-ether and 
benz-p-methyltoluidide. After getting rid of the imino-ether by 
steam distillation with dilute hydrochloric acid, the residue gave on 
hydrolysis with sulphuric acid a secondary base identified as methyl-p- 
toluidine by acetylation. 


Much of the expense incurred in this work was defrayed by a grant 
made by the Research Fund Committee of the Chemical Society, for 
which I desire to express my indebtedness. 


UNIVERSITY COLLEGE, 
NorrincHAM, 


LXIV.—Polymerisation Products from Diazoacetic Acid. 
By Oswa.p SILBERRAD, Ph.D. 


In 1899 (Ber., 1900, 33, 58), Hantzsch and the author examined 
certain isomerides of the formula (CH,N,)z, with the view of throwing 
light on the stereochemistry of nitrogen. It was, however, soon found 
that these compounds possessed the formula C,H,N,, and not C,H,Ne 


DIAZOACETIC ACID. 599 


as previously believed, This led to the discovery that “ triazoacetic acid, 
/N:N:CH(CO,H)-N 

CH-CO,H || ”’ from which the above isomerides are derived, was 
\N-N: -CH(CO, H):N 

in reality a bimolecular polymeride of diazoactic acid and possessed the 


formula C0,H-CH<N:N So H-CO,H. Itsname, therefore, wasaltered 


to bisdiazoacetic acid. Subsequently the formulz of such derivatives as 
could be directly obtained from bisdiazoacetic acid have been established 
(Hantzsch and Silberrad, Ber., 1900, 33, 58; Hantzsch and Lehmann, 
Ber., 1900, 33, 3668). 

There still, however, remained some doubt as to the constitution of 
pseudodiazoacetamide*, as this substance had never been obtained from 
bisdiazoacetic acid or any of its derivatives. 

Pseudodiazoacetamide was first studied by Curtius and Lang (Curtius, 
Ber., 1885, 18, 1286 ; Curtius and Lang, J. pr. Chem., 1888, [ii], 38, 
544 ; 1889, 39, 107), who assigned to it the formula 

C,HN,(NH),(CONH,),. 

It seemed improbable that this substance should represent the only 
termolecular polymeride of diazoacetic acid, and accordingly the com- 
pound was subjected to more minute examination, with the result that 
its properties have proved to be of extraordinary interest. Its salts 
have been found to have the formula 

C,HN,(NMe)(CONH,),, 
and finally its comparison with bisdiazoacetamide, 
CONH,-CH<N:“>cH-CONH,, 
and with the isomeric s-N-dihydrotetrazinedicarboxylamide, 
CONH,C<S a >C'CONH,, 
now prepared for the first time, indicates that pseudodiazoacetamide is 
not a ring compound at all but possesses the formula 
NH:C(CONH,)N:N-C(CONH,).NH, 
and consequently may be named iminoazoacetamide (see p. 607). 


* In Richter’s Lexikon der Kohlenstoffverbindungen, Supplement I, p. 12, pseudo- 
diazoacetamide is quoted as the ‘‘ amid d. isom. 8 : 6-dihydro-1 : 2: 4: 5-tetrazin- 
3 :6-dicarbonsdure,” and reference is given to the above-mentioned paper by Hantzsch 
and myself. In this paper, however, we merely stated that these two isomeric acids, 
that is, the C- and N-dihydrotetrazinedicarboxylic acids, probably correspond to the 
two polymeric diazoacetamides, the so-called triazoacetamide and the pseudodiazo- 
acetamide previously discovered by Curtius. A closer examination of these amides 
has already been started with the view of settling this matter. 
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Preparation of Ethyl Diazoacetate. 


The following method will be found most convenient where large 
quantities of the ester are required. Five grams of sodium acetate are 
dissolved in 2 litres of water in a 10 litre separating funnel ; to this 
solution, 1 kilogram of the finely powdered hydrochloride of ethyl amino- 
acetate (for the preparation of this compound see Hantzsch and 
Silberrad, loc. cit., p. 70) is added, and then 750 grams of sodium nitrite. 
The mixture is shaken until the temperature has fallen to about 0°. 
Five c.c. of 10 per cent. sulphuric acid and } litre of ether are then added 
andthe whole again well shaken. Duringthisperiod, the gradual solution 
of the still undissolved salts cools the mixture and prevents the 
reaction from becoming too violent. As soon as the action slackens, 
the ethereal solution of ethyl diazoacetate is run off, fresh ether added, 
and i0 per cent. sulphuric acid run in from time to time in small 
quantities until red fumes are evolved. The ethereal solution is 
then run off, added to that already obtained, washed with small 
quantities of dilute sodium carbonate solution until the washings 
assume a deep yellow colour and have an alkaline reaction. The 
ethereal solution is dried by shaking with fused calcium chloride, and 
freed from ether on the water-bath. The yield amounts to 770 grams 
or 94°7 per cent. of the calculated quantity. 


Iminoazoacetamide (Pseudodiazoacetamide), 
NH:0(CONH,)*N:N-C(CONH,):NH. 


Iminoazoacetamide is obtained as a clear yellow, crystalline powder 
when the purified ammonium salt (see below), dissolved in the least 
possible quantity of water at 0°, is precipitated with an excess of 
80 per cent. acetic acid also cooled to 0°. The precipitated amide, after 
being washed with water and dried on a porous plate in a vacuum, 
decomposes violently at 135—136°. On analysis, the following results 
were obtained : 


Found: C= 28°44; H=3-70; N=49°59. 
(C,H,ON,)z requires C = 28°23; H=3°53 ; N=49-41 per cent. 


Theammoniumsalt, NH:C(CON H,):N:N*C(CONH,):N(NH,).—After 
many experiments, the following method of preparation was found to 
give the best results. One hundred and twenty grams of methyl diazo- 
acetate are added to 1 litre of aqueous ammonia, saturated at 0°, and 
allowed to stand in a well-closed bottle for 14 days at —15°. The 
separated crystals are then filtered off and the mother liquor again 
allowed to stand for 14 days at — 15°, when a further supply of crystals 
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separates out. These are reduced to the finest possible powder and 
well washed with small quantities of ice-cold water, whereby traces of 
diazoacetamide and ammonium bisdiazoacetate are removed. The 
resulting product, on drying over sulphuric acid, loses no ammonia, 
and melts with decomposition at 155—157°. On analysis, the following 
figures were obtained : 


Calculated for Found. Calculated for 
(C.H,ON,).N Hs. Curtius and Lang. Silberrad. (CgH,ON3),2N Hy. 

C=25°67 26°49 26°01 25°00 

H= 4°81 4°92 4:98 5°19 

N=52°41 52°97 52°45 53°28 


These results agree more closely with the formula (C,H,ON,),NH, 
than with (C,H,ON,),2NH,, a fact previously noticed by Curtius (Ber., 
1885, 18, 1291) ; he was, however, under the misapprehension that all 
the polymerides of diazoacetic acid were termolecular, a mistake for 
which an erroneous molecular weight determination by E. Wiedemann 
(J. pr. Chem., 1888, [ii], 38, 541) is chiefly responsible. 

The silver salt, 3NH:C(CONH,):N:N-C(CONH,):NAg + AgNO,.— 
The silver salt is obtained as a voluminous yellow precipitate by the 
addition of silver nitrate to a solution of the ammonium salt. The 
precipitate is extremely sensitive to actinic rays, and can be obtained 
pure only by working entirely by red light; on warming, it blackens 
immediately. 

After drying in a vacuum over sulphuric acid in the dark until the 
weight became constant, the following results were obtained on analysis : 


Calculated for Found. Calculated for 
C,,H,,0,Nj,4g,  Curtiusand Lang. Silberrad. O,HN,(NAg).(CONHg),,14H,0. 
C =14°39 — 14°29 14°52 
H= 1:50 — 1°78 2°02 
N = 26°57 25°58 26:00 25°40 
Ag = 43°16 43°57, 43°81 43°62 43°55 


It will be seen that the silver and the nitrogen, which were the only 
constituents estimated by Curtius and Lang, agree equally well with 
either formula ; the carbon and hydrogen, however, leave no doubt as 
to which is correct. 

This complex formula evidently represents a double salt, thus : 


C,,H,,0,.N,Ag, = 3NH:0(CONH,):N:N-C(CONH,)NAg + AgNO,, 
which is strictly analogous to other polymeric products of diazoacetic 
acid (Hantzsch and Silberrad, Joc. cit., p. 67). 

Action of Nitrogen Triowide (a). Preparation of Bisazoayacetic Acid.— 
Twenty grams of the finely powdered amide were placed ina dry flask, 
cooled to 0°, and subjected to the action of nitrogen trioxide (prepared 
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from nitric acid of sp. gr. 1°38 and arsenious acid) until a sample of the 
product dissolved completely in cold;water. The contents of the flask, 
which had assumed a carmine-red colour, were placed on a porous plate 
over caustic potash in a vacuum. On heating, the product decomposed 
below 100°, and on analysis proved to be very impure (found N = 30:4; 
calculated for C,H,O,N,, N= 27:4 per cent). Consequently the product 
was converted into the sodium salt by neutralising it, suspended in ice- 
cold water, with dilute causticsoda alsocooled to0°. To the crude sodium 
salt so obtained, a few drops of dilute nitric acid and then silver nitrate 
solution were added, when the characteristic dark green silver salt of 
bisazoxyacetic acid was precipitated. This, on analysis, proved still to 
be contaminated with a substance richer in nitrogen than bisazoxy- 
acetic acid. The product was therefore suspended in water and satur- 
ated with sulphuretted hydrogen at 0°, following the method described 
by Hantzsch and Lehmann (loc. cit., p. 3674) for the reduction of 
bisazoxyacetic acid to bisdiazoacetic acid. 

The product, freed from sulphur by extraction with cold absolute 
alcohol, was shaken with excess of ammonia, filtered, and the filtrate 
cooled to 0° and precipitated with dilute sulphuric acid. The pre- 
cipitate, after drying on a porous plate, melted at 150°, and on analysis 
proved to be bisdiazoacetic acid : 


Found N=27:01. C,H,N,(CO,H),,2H,O requires N = 26°92 per cent. 


Hence it is evident that the product of the action of nitrogen tri- 
oxide on dry iminoazoacetamide was principally bisazoxyacetic acid. 

(6) Preparation of Triazole.—Five grams of iminoazoacetamide sus- 
pended in ice-cold water were saturated with nitrogen trioxide. The 
solution assumed a carmine-red colour (indicative of the formation of 
bisazoxyacetic acid), and on evaporation on the water-bath yielded a 
yellowish, crystalline mass ; this, after repeated recrystallisation from 
absolute alcohol, gave a product melting at 138°, which on analysis 
proved to be triazole nitrate : 


Found, C=18°33; H=3:22; N =42:30. 
C,H,N,,HNO, requires C=18:18 ; H=3-03; N=42-42 per cent. 


Action of Caustic Soda. (a) Preparation of Sodium Salt (?).—Dilute 
cold caustic soda solution decomposed the ammonium salt with evolu- 
tion of ammonia, giving the characteristic intense yellow colour of 
the salts. On evaporation in a vacuum, decomposition occurred, hence 
the sodium salt could not be isolated. 

(b). Formation of Bisdiazoacetic Acid.—Ten grams of the finely 
powdered substance were thrown, little by little, into a solution of 10 
grams of caustic soda in 25 ¢.c. of water previously heated to 90°. At 
each addition, considerable rise of temperature and violent evolution 
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of ammonia occurred. The contents of the flask assumed a deep 
yellow colour and became semi-solid owing to the separation of sodium 
bisdiazoacetate. 

The product was washed with alcohol, recrystallised from water, and 
decomposed with dilute sulphuric acid, whereby bisdiazoacetic acid was 
obtained. This was identified by its melting point, 152°, the colour 
reaction of its silver salt (Hantzsch and Silberrad, Joc. cit., p. 73), and 
by a nitrogen determination : 


Found N = 26'99 ; C,H,N,(CO,H),,2H,O requires N = 26°92 per cent. 


Action of Barium Hydroxide. Preparation of Iminoazoacetic 
Acid.—The addition of barium acetate to a concentrated solution of 
ammonium iminoazoacetamide produced no precipitate. If, however, 
the solution of the ammonium salt be warmed with baryta water, a 
pale yellow precipitate forms and ammonia is evolved. 

N-C(NH):C0, 
K.cavH)-00,7 2 
After washing and drying over sulphuric acid, it gave the following 
result on analysis : 


Found N=18°36; Ba= 44°82. 
C,H,0,N,Ba requires N= 18°28; Ba = 44:52 per cent. 


Attempts to isolate the free acid have not yet been successful. 
Dilute sulphuric acid appears to bring about decomposition ; its action 
was studied as follows: To 2 grams of the barium salt suspended in 
ice-cold water, a very slight excess of dilute sulphuric acid was added. 
On evaporation, only oxalic acid and hydrazine could be detected. 
The oxalic acid was separated as the calcium salt, which, after drying 
at 100°, gave the following result on analysis: 


Found Ca=27'11; C,0,Ca,H,O requires 27°40 per cent, 


The product is probably barium iminoazoacetate, 


The hydrazine was isolated as benzylideneazine, which after crys- 
tallisation from alcohol melted at 93° and gave the following result on 
analysis : 


Found N= 13°50; C,,H,,N, requires 13°46 per cent. 


Action of Ammonia. Preparation of Diazoacetamide and isoDiazo- 
acetamide,—Five grams of the ammonium salt were dissolved in 100 c.c, 
of 10 per cent. ammonia and the solution allowed to evaporate over 
soda lime ina vacuum. A very porous brown product resulted, which 
On exposure to air rapidly shrank to a dark brown, resinous mass, If, 
however, the porous substance be treated with dilute acetic acid (with- 
out opening the desiccator), complete solution occurs with evolution 
of nitrogen (showing thereby the absence of any unaltered imino- 
azoacetamide). On addition of benzaldehyde to this solution, a crys- 
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talline magma rapidly forms. After recrystallisation, the product 
melted at 93°, and on analysis proved to be benzylideneazine : 


Found C=80°66 ; H=6:00; N=13-54, 
C,,H,,N, requires C=80°77; H=5:77; N=13-46 per cent. 


Constitution of isoDiazoacetamide.—The stability of the tetrazine 
ring disarms any suggestion that this readily decomposable product is 
a tetrazine derivative. Indeed, its ready solubility in water points to 
its being an isomeride rather than a polymeride of diazoacetamide. 
Further, the readiness with which it yields hydrazine indicates that 
it is not a true derivative of diazoacetic acid, so that it appears 
probable that the compound is isodiazoacetamide, or, more likely, its 

* 
ammonium salt, CONH,0< Ve : 

The evolution of nitrogen above referred to seems to indicate the 
presence of derivatives of normal diazoacetic acid. The product of 
the action of ammonia on a further quantity of iminoazoacetamide 
was therefore exposed to the air, the resinous mass extracted with 
cold absolute alcohol, and the yellow solution allowed to evaporate 
in a vacuum, whereby beautiful, yellow, prismatic crystals were ob- 
tained. After recrystallisation from warm absolute alcohol, the 
compound melted at 114° with violent decomposition and proved to 
be diazoacetamide, 


Found N = 49-00; C,H,ON, requires N = 49°41 per cent. 


The yield is small, being about 0°4 gram from 10 grams of iminoazo- 
acetamide ; the chief product of the reaction is evidently isodiazo- 
acetamide. 


Bisdiazoacetamide. 


The method described by Curtius and Lang (J. pr. Chem., 1888, [ii], 
38, 543) from ethyl] bisdiazoacetate (Hantzsch and Silberrad (/oc. cit., 
p. 72) is by far the most convenient for the preparation of the sub- 
stance. Unlike iminoazoacetamide, bisdiazoacetamide forms no 
salts. 

Action of Nitrogen Triowide.—Treated as described in the case of 
iminoazoacetamide, this substance gave rise to bisazoxyacetic acid 
both when dry and in aqueous suspension. The product was identified 

* Since the completion of this part of the work, a paper has appeared by Hantzsch 
and Lehmann (Ber., 1901, 3%, 2510), in which they describe a precisely similar 
product as resulting from the action of ammonia on ethyl dsodiazoacetate. This 
appears to be a strong argument in favour of the above constitution ; it must, how- 
ever, be stated that normal ethyl diazoacetate can also be almost quantitatively 


eonverted into the same product by the direct action of ammonia. This will be 
discussed in a subsequent communication. 


DIAZOACETIC ACID, 605 


by its characteristic green silver salt, which, however, could not be ob- 
tained pure from this source, and was therefore further identified by 
reduction with sulphurétted hydrogen, whereby bisdiazoacetic acid was 
obtained melting at 152°. On analysis: 


Found N= 26°89; C,H,N,(CO,H),,2H,O requires N = 26'92]per cent. 


Neither in aqueous suspension nor in the dry state could any triazole 
nitrate be obtained, although 50 grams of the substance in aqueous 
suspension were treated with nitrogen trioxide. 

On evaporation on the water-bath, large quantities of ammonium 
nitrate separated. The product was dissolved in water and calcium 
acetate added, whereby a precipitate of the oxalate was obtained. 


Found Ca = 26°87 ; C,0,Ca,H,O requires Ca = 27°40 per cent. 


The filtrate, after r «oval of calcium, was rendered neutral and 
treated with copper acetate ; no precipitate of copper triazole formed, 
although the solution was allowed to stand for several weeks. 

Action of Alkalis.—As already observed by Curtius and Lang (J. pr. 
Chem., 1888, [ii], 38, 344), bisdiazoacetamide is easily saponified by 
aqueous alkalis in a perfectly normal manner. Aqueous ammonia is 
without action on the amide. 


s-N-Dihydrotetrazinedicarboxylamide. 


The instructions given for the preparation of n-dihydrotetrazinedi- 
carboxylic acid (Hantzsch and Silberrad, Joc. cit., p. 77) are not clear 
owing to the accidental omission of an important sentence, The 
directions should be as follows: 100 c.c. of ethyl diazoacetate are run 
into a solution of 160 grams of caustic potash in 120 c.c. of water, as in 
the preparation of potassium bisdiazoacetate (J. pr. Chem., 1888, [ii], 
38, 534). A solution of 57 grams of caustic potash in 93 ¢.c. of water 
is then added, and the resulting semi-solid mass well shaken and heated 
on the water-bath in an open flask until the greater part of the alcohol 
formed by the saponification of the ethyl diazoacetate has been driven 
off. The flask is then attached to a reflux condenser, and the heating 
continued until an almost colourless, thick liquid results, a process 
which requires about 48 hours. This product is shaken with alcohol 
until the bulk of the caustic alkali has been removed. The thick, oily 
residue is then allowed to stand in the cold, when the greater part 
of the N-dihydrotetrazinedicarboxylic acid separates out as the potass- 
ium salt. The crude product is then freed from adhering traces of 
potassium bisdiazoacetate by recrystallisation from water. 

For the preparation of the ester, the potassium salt is converted into 
the silver salt, which after being washed successively with water, ab- 
solute alcohol, ether, and finally benzene, is treated with the calcu- 
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lated quantity of a 25 per cent. solution of methyl iodide in benzene, 
The mixture is heated on the water-bath for 4 hours, filtered, and freed 
from benzene at 100° in a vacuum. 

The ester so obtained is a thick, syrupy,almost colourless oil, "readily 
soluble in benzene, alcohol, or ether. On standing, it shows signs of 
becoming crystalline. This compound, together with certain some- 
what abnormal derivatives to which it appears to give rise, is still 
under investigation. " 

For the preparation of the amide, further purification is unnecessary. 
One hundred grams of the crude ester are therefore dissolved in 
500 c.c. of absolute alcohol and treated with an equal volume of satu- 
rated alcoholic ammonia. On standing, the solution slowly deposits 
the amide as a white, crystalline precipitate consisting of tiny needles, 
which after recrystallisation from warm water melt at 278° with de- 
composition. The compound is almost insoluble in the ordinary organic 
solvents, but dissolves fairly readily in hot water, from which it crystal- 
lises in needles or long prisms which show a beautiful play of colours. 
On analysis, the following results were obtained : 


Found C = 28:11; H=3°72; N=48°97. 
C,H,O,N, requires C= 28°32; H=3'53 ; N= 49°40 per cent. 


Unlike iminoazoacetamide, this compound gives no precipitate 
with silver nitrate or even with silver acetate in the ‘presence of 
ammonium acetate; copper acetate behaves similarly. Mercuric 
chloride, on the other hand, produces a pure white precipitate, soluble 
in boiling water, from which it again separates on cooling. Both 
hydrochloric and acetic acids dissolve the precipitate readily. 
Mercurous nitrate gives rise to a white precipitate, soluble in acids, 
vhich blackens on boiling. Nessler’s reagent produces a white pre- 
cipitate which turns pale canary-yellow on boiling. These compounds, 
which N-dihydrotetrazinedicarboxylamide forms with mercury, are 
exceedingly stable ; even after boiling for half-an-hour with a 25 per 
cent. solution of caustic soda in the presence of an excess of Nessler’s 
reagent, ammonia could not be detected, although the amide itself is 
easily saponified on warming with a few drops of dilute caustic soda 
solution. This, together with the fact that neither copper nor silver 
salts produce precipitates, seems to indicate that in these mercury 
salts it is the hydrogen of the CONH, group and not that of the 
imino-group which is displaced, as in the case of iminoazoacetamide. 
Baryta water in the cold has no effect, but on warming, ammonia is 
given off and a thick, white precipitate of barium n-dihydrotetrazine- 
dicarboxylate is produced. This salt was identified by the liberation of 
the acid which melted at 287°, and contained N=32°30 per cent. 
[C,H,N,(CO,H), requires N = 32°56 per cent.]. 
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Action of Nitrogen Trioxide.—On treatment with nitrogen trioxide, 
no bisazoxyacetic acid could be obtained. Triazole is always the 
principal product of the reaction. Its isolation and identification were 
conducted precisely as described above under iminoazoacetamide, 
the yield is 85—-90 per cent. of the theoretical. The product melted 
at 138°. On analysis, the following results was obtained : 


Found N = 42°21, C,H,N,,HNO, requires N = 42°42 per cent. 


Caustic potash, either in aqueous or alcoholic solution, readily 
causes saponification of the amide. One gram of the amide was 
warmed with a slight excess of a 2 per cent. solution until all odour of 
ammonia had passed off; the solution was then evaporated on the 
water-bath until the potassium salt crystallised out, this, after re- 
crystallisation from warm water, gave the following result on analysis : 


Found N = 22°22; K=31°34. 
C,H,O,N,K, requires N = 22°59 ; K =31°'45 per cent. 


Constitution of Iminoazoacetamide. 


From the analysis of its salts and the readiness with which the 
compound is converted into tetrazine derivatives, it is obviously a 
bimolecular polymeride of diazoacetamide, CHN,"CONH,. Its yellow 
colour indicates the presence of an azo-group. The action of baryta 
water shows the compound to be the true amide of an acid quite dis- 


tinet from both bisdiazoacetic acid, CO,H-CH<N: >CH-C0,H, and 


NH-N 
NeNH> COOH. 
Further, the preparation and investigation of »-dihydrotetrazine- 
dicarboxylamide has shown that the imino-groups in the tetrazine ring 
possess properties totally distinct from those of iminoazoacetamide, 
whilst the production of isodiazoacetamide on treatment with 
ammonia indicates: that iminoazoacetamide is a chain compound, 
and does not contain the stable tetrazine ring at all. In short, the 
only constitution which explains these apparently contradictory proper- 
ties is'that of iminoazoacetamide, NH:C(CONH,)N:N°C(CONH,):NH. 
The action of ammonia is rendered clear by the following equation : 


N-dihydrotetrazinedicarboxylic acid, CO,H:0< 


conn, och) _* a> COONH, > 


CONH,: ot Hy) 4 (NH)"'>0-CONH,. 


The ease with which derivatives of both O- and N-dihydrotetrazine 
can be obtained is thus elucidated. 
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Baryta water gives rise to the corresponding acid, 


NH:C(CONH,)-N:N-C(CONH,):NH + Ba(OH), 
-C(NH)CO 


aii 2 
N-c(NH)co,72* + 2NH, 


whilst warm caustic soda yields bisdiazoacetic acid, 


CONH, Oy) “ESc-conn, + 2Na0H 


= 00,Na-CH<N:N>CH-00,Na + 2NH,, 


in a manner precisely analogous to its production from ethyl iso- 
diazoacetate, 


NH NH 
CO,Et-C< + = 70-00, Et + 2Na0H 
= C0,Na-CH<S:S>cH-00,Na + 2E:0H, 


The action of nitrogen trioxide affords additional confirmation of this 
view, as byits means derivatives of either C- or N-dihydrotetrazine can be 
obtained according to the conditions. The formation of bisazoxyacetic 
acid is indicated by the following scheme: 


CONH,C<h EAE Sc-conH, + N,0, —> 


oy 
CO,H-CH<_y>CH-00,H. 
No” 
The formation of triazole necessitates the following steps (compare 


Trans., 1900, '7'7, 1188, for formation of triazoles from s-dinitroso-N- 
dihydrotetrazine and its derivatives) : 


(a) Formation of v-dinitroso-N-dihydrotetrazine, 


NH NH 
CONH,-C<,———_, >C-CONH, + N,0, 

(6) Formation of triazole nitrate, 
CH<NOO)N(NO)S0H + H,0 = CH<NECHNODS OH + Ny 


In conclusion, I wish to express my thanks to the Government 
Grant Committee of the Royal Society for pecuniary assistance 10 
carrying out this work. 
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ANNUAL GENERAL MEETING, 


Marcu 26TH, 1902. 


Professor J. Emerson Reynoups, M.D., Sc.D., V.P.R.S., President, 
in the Chair. 


THE PRESIDENT declared the ballot open for the election of Officers 
and Council for the ensuing year, Dr. Henry and Mr. Ramage being 
appointed Scrutators. He then said :— 

I have the agreeable duty to-day of congratulating the Fellows 
on the continued and even increasing prosperity of the Society, as 
indicated by considerable additions to its list of Fellows, by its con- 
sequent gain in the means of promoting its objects, and by the extent 
and character of the work published during the past year. 

The numerical strength of the Society was 2335 on March 28th, 
1901. Since that date 163 Fellows have been elected, and 3 have been 
reinstated by the Council, making a gross total of 2501. Of these, 
32 have withdrawn, 25 have been removed for non-payment of two 
annual subscriptions, and 28 have died. 

The actual number of Fellows to date is therefore 2416, the 
highest number yet reached, and the number of Foreign Members is 
32. 

The names of those removed for non-payment of subscriptions 
are :— 

E. W. Allsom, W. D. Bohm, C. F. Branson, T. H. Coleman, E. D. 
Ewen, F. G. Fuller, C. H. Field, W. G. Fraser, A. T. Gailleton, W. H. 
Grieve, T. C. Hepworth, A. F. Hogg, J. Harger, W. Ince, R. 8. Ladell, 
R. D. Littlefield, D. C. Mackenzie, A. Mackay, F. L. Overend, M. 
Pearson, 8S. Smith, A. H. Turton, C. W. Vincent, W. H. Walker, A. 
Walton. 

The following have withdrawn :— 

J. M. Arnot, W. H. Barr, F. Belton, H. D. Berridge, M. Cochran, 
W. Collingridge, J. Craig, H. L. Dampier, M. J. R. Dunstan, G. Evans, 
H, P. FitzGerald, P. H. Grant, W. H. Greene, H. W. Gough, A. B. 
Griffiths, J. B. Guyer, H. M. Hastings, E. S. Hayward, A. H. Mac- 
donald, C. J. 8S. Makin, J. Maudsley, J. McLeod, H. C. Myers, G. A. 
Parkes, L. G. Patterson, J. C. Quinn, A. Schloesser, C. Thompson, 
E. A. Wates, J. I. Whimster, B. W. Winder, 8. Wood. 

The following have died :— 

T. H. Aquino, F. J. Beale, J. H. Beckett, Henry Bird, Sir J. H. 
Gilbert, F.R.S., A. Hartridge, Alexander Hay, Lawrence Hislop, Robert 
Irvine, David Johnson, N. Leonard, H. G. Madan, William Martindale, 
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Dr. Ira Moore, Dr. G. Harris Morris, John Paul, Prof. H. von Pech- 
mann, W. B. Randall, W. Shapleigh, Louis Siebold, Prof. Maxwell 
Simpson, F.R.S., W. T. N. Spivey, W. Terrill, Andrew Thomas, John 
Thomson, J. L. W. Thudichum, E. A. Warmington, G. F. Wilson, F.R.S, 

The most important test of the prosperity of the Society is, how- 
ever, to be found in the record of its work. In this respect also I 
have a favourable report to make. Since the last anniversary, 181 com- 
munications have been made to the Society. Abstracts of all these have 
appeared in the Proceedings, and 139 have already been published in 
the Zransactions. Iventure to think that the quality, generally, of 
the work presented is as high as in any previous year, and clearly 
indicates the continued enthusiasm and activity of the Fellows. 

The Transactions for 1901 contain 146 memoirs, occupying 1411 
pages; and the volume of the preceding year 127 memoirs occupying 
1334 pages. 

The volumes for 1901 contain 3754 abstracts of papers, published 
mainly in Continental journals, occupying 1496 pages, arranged as 
follows : 


Part I, 
Pages, No. of Abstracts. 
Organic Chemistry ...............scccrsecccssesees 784 1530 
Parr II, 
General and Physical Chemistry ........,...... 403 
Enarmanic Chemistry ................cscccseseesses 376 
Mineralogical Chemistry ... ...........seeeeeee 169 
Physiological Chemistry  ..............sseeeeeeee 363 
Chemistry of Vegetable Physiology and Agri- 
Gs aacnok oiddecess :epubd ber etseneperiives 306 
Analytical Chemistry............ccccscsessevees oe 607 
712 - $224 
Total in Parts I. and IT. ...............00000 1496 3754 


The volume for 1901 contains a Memorial Lecture giving an account 
of the life-work of Rammelsberg. A set of the Memorial Lectures 
which had appeared up to the end of 1900 was issued in September 
last in a separate form. 

The use of the Library by the Fellows continues to show their ap- 
preciation of it. Eight hundred and eighty books have been borrowed, 
as against 810 during the corresponding period of last year. A large 
number of these have been Journals issued by post to Fellows resident 
in the country, and the Library Committee invite special attention to 
this development of the Society’s usefulness. The additions to the 
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Library comprise 153 books, 441 volumes of periodicals, and 33 
pamphlets as against 95 books, 327 volumes of periodicals, and 30 
pamphlets during the corresponding period of last year. 

It is desirable that the Society should have in the Library one copy, 
at least, of every work printed in English on chemical subjects to the 
end of the 18th century, and I would invite the co-operation of the 
Fellows in making the Library complete in this direction. 

In the preparation of the new Library catalogue, the printing of 
which has been decided upon, advantage has been taken of theopportunity 
to constructa new and convenient Card Catalogue, which, it is believed, 
will materially assist readers in making use of the Library. 

It is my privilege to offer, on behalf of the Society, our warm con- 
gratulations to Dr. Schunck, to Mr. Lloyd Bullock, and to Dr. Francis, who 
this year have reached their sixtieth anniversary of admission to the 
Fellowship of the Society. It gives me pleasure to add that Mr. Buckton, 
F.R.8S., Mr. F. Claudet, and Mr. Darby have reached their jubilee, 
and to them I would also convey our sincere congratulations, 

Last year our illustrious senior Foreign Fellow, M. Berthelot, 
celebrated the fiftieth anniversary of his first scientific publication, and 
all countries united in expressing their admiration and respect for the 
veteranchemist. On behalf of the Society, in company with Dr. Gladstone 
and Professor Ramsay, I presented a congratulatory address to. M. 
Berthelot at the imposing function which was held in the Sorbonne on 
November 24th, 1901. That address has already been printed in the 
Proceedings. 

During the year, the Society had joined in the celebration of the 
450th anniversary of Glasgow University, and in the jubilee of Owens 
College, Manchester. 

Considering the large number of Fellows now in the Society, the 
mortality is small ; nevertheless, this year I regret tosay we have lost 
21 Fellows. This melancholy list includes the name of Sir Henry 
Gilbert, Past President of this Society, and one ever devoted to ite 
welfare. His immense work, carried out with Sir John Lawes, laid 
the scientific foundation of British Agriculture and serves as the model 
on which all future researches must proceed. The Society was fully 
represented on the sad occasion when Sir Henry Gilbert was interred, 
and its representatives laid a wreath on his grave, whilst later on the 
Council passed a vote of condolence with his mourning relatives. In 
@ short time, I hope, a full obituary notice will be published by 
one far more competent to undertake it thanIam. Dr. Maxwell 
Simpson is another of those passed away from amongst us full of 
years, leaving memories of good work well done, especially in synthetic 
chemistry, and of him and of the other Fellows whose life-work has 
closed records will also be shortly published. 
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Considerable discussion has taken place within the Society on the 
question of altering the day and hour of the Ordinary Meetings, which 
was raised in the address of my predecessor, Dr. Thorpe, last year. 
There have been two Extraordinary Meetings on this subject, and the 
outcome is the experiment now in operation, of trying alternate 
evening and afternoon Meetings until the end of the present session, 
Until that experiment has been fairly made, the best course, obviously, 
is to suspend judgment on the question. 

Grants amounting to £250 have been made from the Research Fund 
in aid of chemical investigations. 


This is one of the occasions on which, as I venture to think, it is 
not only permissible, but desirable, to consider some general question, 
even of a speculative order, in the light of any new facts discovered in 
recent years. I therefore propose to discuss as briefly as possible a 
question of this character, and one which possesses high interest for 
us, namely, whether the many and important additions to our know- 
ledge of the chemical elements made during the last decade or so 
have given us any clue to the nature of the relations existing between 
them. 

That the elements are related as a whole is now an axiom, and 
underlies all modern classification ; equally axiomatic is the statement 
that periodicity can be traced to a large extent between the atomic 
weights and properties of the elements. 

The recognition of this periodic principle by Newlands in 1864, 
when more fully interpreted by Mendeléeff in 1869, and by Lothar 
Meyer on somewhat different lines, marked an important advance in 
science. It served the highly important purposes of correlating a 
large number of the facts then known, of stimulating research, and of 
inducing closer scrutiny of the atomic weights. The “ periodic law” 
formulated by Mendeléeff in asserting that “the properties of {the 
elements are periodic functions of their atomic weights” claims an 
attractive universality, which gained for it much recognition. 
Mendeléeff’s valuable and interesting tabular classification of the 
elements, arranged in accordance with the “law” and supported by 
very ingenious and often cogent reasoning, contributed much to its 
wide acceptance. Later on, the verification of Mendeléeff’s brilliant 
predictions confirmed confidence in the principle. Nevertheless, closer 
serutiny revealed difficulties in detail which gradually led to doubts as 
to the general validity of the “law,” and these doubts have been 
accentuated in recent years by the discovery of the non-valent elements 
of Rayleigh and Ramsay, for which there seemed at first to be no 
place in Mendeléeff’s classification. It is true that the law neither 
predicted nor excluded the existence of such elements, and that very 
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doubtful positions have since been assigned to them. More serious 
difficulties are, however, to be found in the anomalous position given 
to hydrogen ; in the fact that the atomic weight of argon places it 
between potassium and calcium ; that tellurium has a higher atomic 
weight than iodine, contrary to theory, and in other details which 
will be specified later on. In consequence, the law is seen to be an 
empirical rule which, in so far as it properly applies, is of considerable 
assistance, but is probably only part of a wider generalisation than 
any we have yet reached. 

The difficulties above referred to are masked in the well known 
table used in illustrating the connection between the atomic weights 
and the chemical properties of the elements. That this table includes 
much that is true in reference to the comparative properties of the 
elements is undoubted, but it has of late been rather used as a con- 
venient system of pigeon holes for elements which are docketed, as it 
were, with special atomic weights and put away, without much refer- 
ence to the relations in which they stand to other elements. The fact 
is there is something beyond the table and beyond the “law” of which 
we must endeavour to form some conception, if we are to explain 
existing difficulties. We must therefore get back to the axioms 
mentioned at the outset, and see whether it is possible to form such 
a mental picture of the relations subsisting between the elements as 
shall give us some clue to the nature of those relations, and serve to 
explain the partial truth of the “ periodic law.” 

The rough outlines of a picture of this kind were, in fact, sketched 
before 1886,* but, being rather cumbered by the more rigid notions of 
valency which then prevailed, the result was not sufficiently clear. 
Since then, however, important details have been filled in and the 
discovery of the argon group of elements has given consistence to the 
whole. The idea underlying the curve which I published in 1886 was 
that of a vibrating system, based on our knowledge of the properties 
and relations of the vibrations which physicists term ‘stationary 
waves”; but before entering into particulars it is well to define the 
facts to be kept in view in working out the scheme. 

First, and obviously, the atomic weights, on which so much excellent 
work has been done in recent years, represent the prime group of facts, 
and those used are the numbers given in the revised table which is 
printed in the January number of the current volume of the Berichte, 
and are based on the scale of O= 16. I have indicated these numbers by 
dots, crosses, or dashes under the scale of equal parts given at the head 
of the annexed diagram. This is instructive, as it indicates at a glance 
the more obvious and important numerical relations of the atomic 


* “On a Method of Illustrating the Periodic Law.” By J. Emerson Reynolds, 
Chem. News, 1886, 54, 1. 
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weights or active masses of the elements. As you know, several 
“laws” have been deduced from the study of these numbers, of which, 
probably, the best example is Johnstone Stoney’s “logarithmic law,” 
but we are not directly concerned with any of these at present. 

Secondly, there are the well known relations which may be shortly 
summed up in the following way. The best defined elements from 
lithium on, are naturally divisible into sections or “ periods,” each includ: 
ing seven members ; in these periods there is one member, the fourth, 
which more or less distinctly subdivides it into two parts. Further, 
within these periods the first, second, and third members in order of 
atomic weight are essentially electropositive, and in order of valence ; 
the fifth, sixth, and seventh members are essentially electronegative, 
and of more variable valence ; while the fourth, or unique member, 
marks a transition, and is generally tetravalent. 

Thirdly, we have the very significant fact that, as comparing period 
with period, and similarly placed elements within the periods, we find 
the alternate members are those which are most closely related in 
chemical and physical properties. In order to mark this in the diagram 
the alternate periods are distinguished by different signs—dots for one 
set, crosses for the other. 

Fourthly, in transition from one period to another there is abrupt 
change of sign, in certain cases, from strongly electropositive to 
strongly electronegative, as from fluorine to sodium, chlorine to 
potassium, bromine to cesium, and so on, and it is about such points 
that we find the atomic weights of the singularly indifferent or neutral 
elements of the argon group. On the other hand, where there is no 
such abrupt change of sign from period to period, as from manganese 
to copper and from molybdenum to silver—that is, in the alternate 
positions—instead of single non-valent elements, there are groups of 
three individuals differing little in atomic weights, and all exhibiting 
high valence comparable with that of the third, fourth, and fifth 
members of the regular periods. These are the triplets, such as iron, 
nickel, and cobalt ; ruthenium, rhodium, and palladium, &c., which are 
marked on the scale in the diagram by dashes, and are included in 
Mendeléeff’s unsatisfactory “ eighth group.” 

So far these are matters of fact which are generally admitted, and 
are stated above independently of any “law” or theory except the 
atomic theory. 

At a very early stage in teaching on the lines of the periodic law, I 
came to the conclusion that the latter, even when aided by the tabular 
classification, gave but an imperfect representation of the facts known 
at the time. One of the clearest deductions from the evidence seemed 
to be that this peculiar connection between properties and atomic 
masses must be the outcome of something in the nature of a vibratory 
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relationship, for only in some such way could all the facts be explained. 

I therefore sought for some physical phenomena involving periodic 
change which could help the imagination to form some corresponding 
picture of the elemental relations, even though no real analogy in the 
ordinary sense were traceable. 

Of all the phenomena suggested for the purpose those vibrations 
which are known as “stationary waves” seemed the most suitable. 
They can, as you know, be set up in a light cord fixed at one end and 
attached at the other to one of the rapidly moving limbs of a large 
tuning fork, kept in regular vibration by an electro-magnetic arrange- 
ment. The motion of the fork is transmitted to the cord with the 
well known result of establishing a beautiful system of apparently 
rigid loops and nodes. Each particle of the cord, except at the nodes, 
travels ina circular path at right angles with the axis of the whole 
system, the amplitude of the motion being, of course, greatest at the 
crest of each loop or antinode. 

The diagram shows twelve of these small loops which were plotted in 
the following manner. The atomic weights of the unique, or carbon- 
silicon, group of elements were marked off alternately at either side 
of, and at equal distances from, the axial scale; the points were then 
connected by right lines and the intersection of the scale by each line 
was taken to mark the node; the loops were then drawn between the 
nodal points so found. The two loops between 152 and 196 were 
necessarily obtained by a kind of interpolation, which cannot, however, 
be much out, as the result is checked by the lead period beyond. The 
numbers given at the foot of the diagram show the relative lengths of 
the loops from node to node. These increase up to the sixth loop and 
then diminish again, just as would happen if the vibrations took place 
in a medium of unequal density, or the density of the cord was 
greater nearer the middle of its length than at either end. The 
axial scale serves to mark off the positions of the atomic masses, 
which latter are shown by dots and crosses placed on the curve 
formed by the cord in one phase of vibration. Each dot and 
cross rapidly rotates in its limited circle round the axis of 
the whole system and the areas of the circles described increase from 
the first to the fourth dot and, of course, diminish to the seventh, the 
direction being the same as that in which the chemical properties of 
the elements vary. At the nodes there is apparent rest. 

Again, as the loops are compared, it is seen that those which are 
adjacent are in opposite phases at any given moment, while the alter- 
nate loops are in the same phase, just as similarly placed members of 
alternate periods are found to be most closely allied in properties. 

So far as our knowledge extended in 1886, this served as a good 
TT 2 
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illustration, save in one particular which I shall presently deal with ; 
but at that time, as I have already said, we were rather hide bound 
by our conceptions of valency, and the zigzag curve I then published 
shows this. Even in that form, however, I am glad to know it proved 
useful in teaching, and that it served, when somewhat modified in 
form by Sir William Crookes, as a basis on which he has reared his 
most interesting theory of the genesis of the elements.* 

The unsatisfactory particular to which I referred in the last para- 
graph was the difficulty in placing the members of the “ eighth group.” 
These triplets have atomic weights which place them about the 
nodal points of the alternate periods, but, as you know, they are far 
from being non-valent. On the contrary, they exhibit properties cor- 
responding to the polyvalent members of the regular periods. It is 
true that their compounds are, generally speaking, easily reduced, and 
the elements themselves by no means active in the free state, but the 
fact remains that they all exhibit high valency. The idea suggested by 
these and other considerations was that they are members of another 
series of elements harmonically related to the first series, somewhat as 
shown on the diagram by the larger loops. From that point of view 
they are “interperiodic,’’ but in a new sense; and in one, moreover, 
which is consistent with their appearance only about the alternate 
nodes of the regular periods. Whether or not these large vibrations 
should be represented as taking place at exactly half the rate of the 
smaller ones, was a subject often discussed with my valued colleague, 
the late Professor G. F. Fitzgerald, but we agreed that it is sufficient 
for the general purpose in view to take the simplest relationship be- 
tween the two sets of vibrations as shown in the diagram. The 
difficulty about the hypothesis was that we had then no evidence of 
the existence of any other elements which could be supposed to belong 
to the special series, and the picture remained incomplete until the 
discovery of argon and its allies supplied the necessary links. It had 
already been foreseen that any other elements of the slow moving 
triplet series which might exist would probably exhibit much feebler 
chemical activity than those of any of the smaller periods, but the 
existence of non-valent elements was not anticipated. 

Once the latter were discovered, however, they were seen to be just 
of the kind required to complete the picture. Their atomic weights 
placed them at or very near to each of the nodes which is apparently 
common to both vibrating systems, and their non-valence in contrast 
with the antinodal triplets sufficiently accounted for the absence of 
intermediate elements of the same series, 


* Address to the Chemical Section of the British Association at the Birmingham 
meeting in 1886, and Trans., 1888, 538, 487. 
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I must now invite your attention to another matter of interest 
which bears on the disputed question of the position of hydrogen in 
relation to the rest of the elements. 

I have already described the means adopted for deducing the nodal 
points of the minor periods from the atomic weights of the members 
of the carbon-silicon group. But between carbon (12) and zero, the 
symmetry of the particular loop necessarily guided its continuation 
and fixed its node at 4 on the scale, or slightly in advance of the 
number which was subsequently found to represent the atomic weight 
of helium. At the time, it was difficult to understand this exceptional 
shortening of the loops, but on making the experiment with a cord 
some 4 metres in length thrown into “stationary waves,” I found 
that when partially stopped with the finger so as to compel the forma- 
tion of a node at some 4 units from the vibrator, the nearest loops 
were found to be shortened relatively and, approximately, in the pro- 
portions indicated on the diagram, a result which naturally increased 
confidence in the value of the picture as a whole. In thus definitely 
fixing the node at 4 units of the scale, the curve between that point 
and the vibrator necessarily assumed the form shown on the diagram 
which represents the ‘cut-off’ end of the loop. Now, hydrogen 
must find its place here at 1:008 of the scale; therefore, from our 
point of view, hydrogen seems to be the /ast member of a period 
rather than (as supposed by Mendeléeff) the first of a seven-member 
period, of which six are still unknown. On general grounds also, 
the facts now known support this view to which we have been led 
as to the position of hydrogen, though I am inclined to think that 
the réle of that element in nature is far more important than that 
of a typical halogen ; but I shall return to this point shortly. 

Having now worked in most of the details of the picture, we 
can next consider its general effect. Before doing so, however, it 
is convenient to designate as : 

Orthoperiodic.—The members of the twelve minor periods. 

Macroperiodic.—The triplets represented about the antinodes of the 
greater periods. 

Nodal.—The elements of the argon type. 


Broadly speaking, this scheme represents the atomic masses as form- 
ing a dual vibrating system, the two parts of which exhibit apparently 
simple harmonic relations. Whether or not these relations are quite 
so simple as they appear to be, there is no doubt that the system as a 
whole also gives some evidence of still wider periodicity, as the lengths of 
the middle loops are somewhat greater than those on either side. 

From our point of view, hydrogen, so far from being limited in its 
analogies as the end element of a period, seems rather to be the 
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elemental material which is a type of both atomic series, and therefore 
cannot be claimed as the first term of any single group of elements. 

Of the nodal elements, helium marks the node common to the two 
vibrating systems, and the strong contrasts between fluorine and 
sodium account for the presence of the nodal neon at 20, instead of 
the macroperiodic triplet, which analogy would otherwise lead us to 
expect to find about this point. The next element of the nodal class, 
argon, brings us at once to a case which is at variance with the 
periodic law. 

No difficulty would arise if argon had an atomic weight just below 
that of potassium, but Ramsay does not admit a lower value than 
39-9, and this we are bound to accept. The result is that the 
neutral argon is placed between the two strongly positive elements, 
potassium and calcium, which differ from one another only in de- 
gree. In the cases of helium, neon, krypton, and xenon, the ele- 
ments occur in neutral positions between strongly contrasted sub- 
stances, positive and negative. Argon is, therefore, quite exceptional, 
and breaks the order required by the “law.” From our present 
point of view, we have, however, the choice of two hypotheses, 
Onc is that argon is not strictly nodal, and is to be placed a little 
beyond the common node on the major loop, so that its position be- 
tween potassium and calcium is apparent rather than real, but this 
implies the possession of very feeble chemical properties. The other 
was suggested by Prof. Fitzgerald, namely, that the nodes of the minor 
and major loops do not quite coincide, and that of the latter is at 39°9, 

It is probable that at least two other nodal elements remain to be 
discovered. One of these should have an atomic weight about 174 
and the other near 218. 

Turning now to the Macroperiodic elements, I have already stated 
the reason for thinking that no triplets are likely to exist with atomic 
weights round 20. 

The iron, palladium and platinum sets of triplets, forming Men- 
deléeff’s “eighth” group, fall naturally into their places on the major 
vibrations. Their neighbourhood disturbs the symmetry of the minor 
periods, and more especially do they appear to influence the properties 
of the elements nearest in atomic weight so far as they are known. 
On the cther hand, as Mendeléeff ingeniously seeks to show, the ad- 
jacent elements retain in some degree their “ group” characters, hence 
he justifies the classification of chromium with oxygen and sulphur, 
and of manganese with the halogens. Nevertheless, he assumes that 
each set of triplets, together with the elements near in atomic weight, 
form a single “long period” ; but, in view of the preceding contention, 
this really implies the admission of periods within periods. It appears 
to me that the nature of the relations of the triplets to the periods 
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between which they occur is more consistently represented as harmonic 
in character, 

I need scarcely say that our knowledge of the elements with atomic 
weights between 140 and 195, that is, the “rare earths,” is still very 
unsatisfactory ; but the didymium elements—praseodymium, neodym- 
jum, and samarium—possess some characters which seem to give 
ground for supposing that they may be the macroperiodic triplets 
wanting between 140 and 150, and they are shown in the diagram in 
this position. The two first-named elements each give two oxides, 
unlike most of the other rare earths ; all three elements afford coloured 
salts; their solutions exhibiting characteristic absorption spectra ; and 
the oxides have been found by du Bois and Otto Liebknecht * to show 
high paramagnetic susceptibility, only second to that of the members 
of the iron triplet. I venture to make the suggestion that they belong 
to the macroperiods with all reserve, as our knowledge of these sub- 
stances is still limited.t 

The next point of interest to be considered principally affects the 
Orthoperiodic series, I refer to the question of the relative positions 
of iodine and tellurium. According to the rigid form of the periodic 
law, the atomic weight of tellurium should be just below that of 
iodine, as selenium is below bromine, sulphur below chlorine, and 
oxygen below fluorine, All the best determinations of the atomic 
weight of tellurium, however, seem to leave no doubt that it is higher 
than that of iodine by nearly a unit. There is here direct conflict 
between the “law” and the fact, in which the latter must prevail. 
From our present point of view the explanation is simple enough, 

Iodine is the element which has the highest atomic weight of any 
known number of the “halogen” group. One of the most character- 
istic properties of members of the group is their power of combining 
with hydrogen to form the acids of the type HX. Now hydrofluoric, 
hydrochloric, and hydrobromi¢ acids are exothermic compounds, the 
heat of formation of hydrobromic acid being the lowest. Hydriodic 
acid, on the other hand, is an endothermic compound, as energy must 
be supplied in its formation. In this particular, therefore, iodine has 
almost lost the important group characteristic, while its power of 
forming fairly stable compounds with oxygen is much greater than 
that of its lower homologues. But iodine departs still further from 
the halogen ré/e in its power of forming with phenyl, and other similar 
radicles, basic substances of the hydroxylamine type—the iodonium 
compounds discovered by Hartmann and Victor Meyer in 1894, In 

* Ber., 1899, $2, 3344. Compare Stefan Meyer, Monatsh, 1900, 20, 269. 

t Note added May 17th.—I\t appears from Nutwre of May 15th that Brauner has 
just published a paper with the Russian Chemical Society adopting a similar view 
48 to the positions of the didymium elements, 
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the compound IPh,I, derived from IPh,°OH, trivalent iodine must be 
recognised simulating nitrogen, so far as the capacity of the latter is 
concerned for holding unoxidised radicles and affording basic products, 
notwithstanding the fact that iodine does not form a simple hydrogen 
compound of the same order as ammonia. In this respect, then, iodine 
draws near to antimony, so that, whatever the conditions were which 
prevailed at “the birth of the elements,” it would seem that the 
increase in mass of the somewhat indifferent iodine grouping was 
checked by the pull of its more positive neighbour, while tellurium 
was free to gain instead. 

With the rare elements which seem to form only sesquioxides, little 
can be done at present. So far as definite atomic weights have been 
assigned to them they are marked on the diagram, but with all reserve. 
There are obviously several elements of the higher periods still 
unknown. 

We have no certain knowledge of elements of higher atomic weight 
than bismuth, save thorium and uranium ; but the radioactive sub- 
stances radium, polonium, and actinium, if elements in the usual sense, 
probably have high atomic weights also, and may ultimately be found 
to fill some of the gaps in this neighbourhood. 

Substances of the radium class are known to constantly give off 
kathodic radiations which can perform definite chemical work on a 
sensitive plate, and, according to Professor J. J. Thomson, they must 
have emitted similar radiations for millions of years. Such a steady 
distribution of energy must be balanced by a supply ab extra, just as 
the moving particles of the cord receive theirs from the vibrator ; but we 
have not as yet any clue to the source or sources from whence radium 
and its allies draw their supplies. All that we definitely know is that 
the active substances—whether simple or compound—are comparatively 
massive molecules, which serve for the collection of energy and its 
distribution partly, at least, in radiant forms. This rather 
suggests the idea that the less massive atoms of the other elements 
may also act in varying degrees as energy transformers into different 
orders of chemical activity. 


Dr. Guapstonz, F.R.S., proposed a vote of thanks to the President, 
coupled with the request that he would allow his address to be printed 
in the 7'ransactions. 

Dr, Torpr, ©.B., F.R.S., seconded the motion, which was carried 
by acclamation. 

The Presipent having returned thanks, 

Prof. Titpen, F.R.S., the Treasurer, in giving an account of the 
Balance Sheet which he laid before the Society, duly audited, 
said :— 
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The receipts had been :—By admission fees and subscriptions, 
£4532 ; by sale of Journal and advertisements, £835 11s. 2d.; and by 
dividends on invested capital, £476 12s. 6d. The total receipts 
from all sources amounted to £5884 1s. 8d. The expenses had been: 
—On account of the Journal, £3233 0s. 2d.; on account of the 
Proceedings, £20 1s. 5d.; on account of the Library Catalogue, 
£42 148. 4d.; on account of the Library, £429 15s. 5d.; House 
expenses, £239 198. ld.; the total expenditure being £4913 
10s. 6d. 

The TREASURER, in concluding, proposed a vote of thanks to the 
auditors, which was acknowledged by Mr. CHAPMAN. 

Prof. H. B. Drxon, F.R.S., proposed a vote of thanks to the 
Treasurer, Secretaries, and Council. 

Dr. Hewitt seconded the motion, which was unanimously adopted. 
Prof. Metpoxa, F.R.S., responded. 


The Scrutators having presented their report to the President, he 
declared that the following had been duly elected :— 


President : J. Emerson Reynolds, Sc.D., M.D., V.P.R.S. 


Vice-Presidents who have filled the office of President: Sir F. A. Abel, 
Bart., K.C.B., D.C.L., F.R.S.; H. E. Armstrong, Ph.D., LL.D., 
F.R.S. ; A. Crum Brown, D.Sc., LL.D., F.R.S. ; Sir W. Crookes, F.R.S. ; 
J. Dewar, M.A., LL.D., F.R.S. ; J. H. Gladstone, Ph.D., D.8c., F.R.8.; 
A. G. Vernon Harcourt, M.A., D.C.L., F.R.S.; H. Miiller, Ph.D., 
LL.D., F.R.S. ; W. Odling, M.B., F.R.S. ; W. H. Perkin, Ph.D., LL.D., 
F.R.S,; Sir H. E. Roscoe, LL.D., F.R.S.; W. J. Russell, Ph.D., 


F.R.S.; T. E. Thorpe, C.B., LL.D., F.R.S.; A. W. Williamson, 
LL.D., F.R.S. 


Vice-Presidents: E. Divers, M.D., D.Sc., F.R.S.; P. F. Frank- 
land, LL.D., F.R.S.; H. McLeod, F.R.S.; R. Meldola, F.RS. ; 
H. A. Miers, D.Sc., F.R.S. ; T. Stevenson, M.D. 


Secretaries: W. R. Dunstan, M.A., F.R.S.; A. Scott, M.A., D.Sc., 
F.RS. 


Foreign Secretary : W. Ramsay, LL.D., F.R.S. 
Treasurer: W. A. Tilden, D.Sc., F.R.S. 


Other Members of Council: H. B. Baker, M.A.; F. D. Chattaway, 
Ph.D., D.Se.; F. Clowes, D.Sc; J. J. Dobbie, M.A., D.Se.; A. E. 
Dixon, M.D. ; M. O. Forster, Ph.D., D.Se.; A. Harden, M.Se., Ph D. ; 
J. Lewkowitsch, Ph.D.; J. E. Marsh, M.A. ; 8. U. Pickering, M.A., 
F.RS. ; J. A. Voelcker, Ph.D. ; J. Walker, D.Sc., F.R.S. 
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OBITUARY. 


OBITUARY NOTICES. 


Siz JosepH Henry Gitpert, Ph.D., M.A., LL.D., Se.D., F.RS., 
born August lst, 1817, died December 23rd, 1901. 

On May 18th, 1841, when the Chemical Society was barely three 
months old (it having been founded on February 23rd of that year), 
there was elected to the Fellowship a young man of twenty-four, who 
was destined to play an important part in the history of the Society 
and in that of the progress of chemical science and investigation, and 
whose name, in conjunction with that of his fellow-worker and patron, 
Sir John Bennet Lawes, was to be for ever associated with the benefits 
which chemistry has conferred on the industry of agriculture. This 
young man was Joseph Henry Gilbert, born at Hull of parents well- 
known in the literary world, and himself lately returned from Giessen, 
where he had been studying under Liebig. His earlier years had been 
impaired, and his future career threatened, by an accident which 
deprived him of the use of one eye, but his subsequent record forms 
a striking instance of triumph over physical disability. He had 
worked at Glasgow University under Prof. Thomas Thomson, 
Stenhouse being there, as also at Giessen, his fellow student. At 
Giessen, whither he was attracted by Liebig’s fame, he had not only 
Stenhouse, but also Playfair, as companions, and here took his degree 
of Ph.D. Returning to England, he worked at University College, 
London, and became assistant to Dr. A. T. Thomson, meeting here 
also J. B. Lawes, with whom he was afterwards to be so closely 
identified. It was at this time that, as stated, he became a Fellow of 
the Chemical Society, and so was almost one of its original members. 

Forty-one years later (1882) he was elected to the Presidential 
Chair, serving in this capacity during the session 1882-3, and sixteen 
years later he formed one of the group of six Past-Presidents whose 
fifty years’ continuous membership of the Society was celebrated by 
the remarkable and unique gathering of November 11th, 1898, when 
& banquet was given in honour of the distinguished veterans in 
science—Gilbert, Frankland, Odling, Abel, Williamson, and Gladstone. 
Of this group, Gilbert was the senior, Playfair, who would have 
formed the seventh member and the only original member of the 
Society among the seven—for other original members were then 
living—having passed away only a few months previously. 

In reviewing Gilbert’s work one cannot do better than recall some 
of the remarks which were made at the notable banquet referred to, 
as they apply with special force to Gilbert’s character and aims. The 

then President, Prof. Dewar, spoke of the guests thus honoured as 
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“men whose one idea has been, with steady aim and vigilant eye, to 
labour on with that sole incentive of scientific work, the triumphant 
hope of making an advance. These men have laboured for half a 
century in our interests,and they have added enormously to our 
knowledge of the science . . . . We are still able to go back to a 
man, who sits on my right hand (Gilbert), who worked in the laboratory 
of Thomas Thomson, who has seen Dalton and the beginning of the atomic 
theory.” Then, addressing himself to Gilbert, he said, “The work of 
Gilbert, as we know, was early differentiated into that most complex and 
mysterious study, the study of organic life. For the last fifty years 
he has devoted his attention to the physiology of plant life in every 
phase of its development. With a skill that has been unprecedented, 
he has recorded from year to year the variations in the growth of 
every kind of nutritious plant. He has examined into the meteoro- 
logical conditions, the variations of climate, of soil, and of mineral 
agents, of drainage, and of every conceivable thing affecting the pro- 
duction and development of plant growth, These memoirs are 
admitted throughout the world to be unique in their importance. 
Wherever the chemist or the physiologist, the statistician or the 
economist has to deal with these problems, he must turn to the results 
of the Rothamsted experiments in order to understand the position of 
the science of our time. These results will be for ever memorable ; 
they are unique and characteristic of the indomitable perseverance and 
energy of our venerated President, Sir Henry Gilbert.” 

These words most aptly describe the life-work of Gilbert, and when 
it is remembered that for another 3 years after this he laboured on 
unremittingly and died positively “in harness,” some idea can be 
formed of the devotion of Gilbert to the pursuit of the science he has 
so largely enriched. 

Gilbert’s first contribution to the Chemical Society’s Memoirs was 
the translation of fa paper by Redtenbacher and Liebig on “The 
Atomic Weight of Carbon ”—this was previous to his formal admis- 
sion to the Society. But it was in 1843 that the important step was 
taken by him which shaped his future career, for it was then that he 
was invited by Lawes, who had been his fellow student at University 
College, London, to assist him in the agricultural investigations which 
he had just begun on coming into possession of his country property 
at Rothamsted, Herts. From that time began the unbroken collabor- 
ation which, for its duration, intimacy, and results on agriculture, has 
had no parallel. 

The name “Rothamsted,” from being merely that of a country 
gentleman’s seat, has come to designate a storehouse of knowledge, 
and a centre from which the efforts of two distinguished men, each 
working on his own line but combining their powers in the setting-out 
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of their joint conclusions, have been put forward for the elucidation 
of nature’s secrets and the benefit of the great industry of agriculture. 

It is hard, and it would be undesirable, to attempt to separate the 
work of two men so closely associated, for “Lawes and Gilbert” is 
the fitting expression for this unique collaboration. Still, it may not 
be amiss to point out how great was, in the case of both men, the 
influence of the scientific method in investigating the problems of 
practical agriculture and in framing the conclusions to be drawn. 
Gilbert was remarkable for the complete conscientiousness of his work, 
the extreme care and patience which he displayed, the scrupulousness 
with which he verified his results by frequent repetition, the pertin- 
acity with which he maintained the continuation of the experiments 
when once set on foot and defended the conclusions drawn from them, 
and for his untiring energy, his life-long devotion to the work in the 
thorough conviction—which we can now share—that what he was 
engaged in would remain as a monument and an example for the 
future. No one could be brought into contact with Gilbert without 
feeling that it was for Rothamsted that he lived, his one aim was 
not his own aggrandisement (for there was little of this in his 
case), but the making of Rothamsted a centre of usefulness and the 
home of agricultural research, Few men have there been who have 
set before them such single-minded purposes as Gilbert, his own posi- 
tion, his own advancement, it can be truly said of him, were put aside 
for higher considerations, and what honours and distinctions were 
accorded to him sprang from the initiative of an appreciative public 
outside, and were none of his seeking. 

To every worker who cared to apply to him, Gilbert was ever ready 
to give help, and sincere is the gratitude which the younger generation 
of agricultural chemists feel towards him for what he has done for 
them, and for the way in which he endeavoured to elucidate any 
point in the Rothamsted experiments. 

Gilbert was, in fact, the exponent of the Rothamsted work and 
the one to familiarise its results and lessons to the scientific world. 
In this capacity he frequently read or wrote papers for the 
Chemical Society, the Royal Agricultural Society, and other bodies, 
and in pursuit of the same idea he would attend the meetings of the 
British Association, or visit the Continent, or make journeys to 
Canada or the United States. 

None of those who were privileged to know him well will ever for- 
get his demonstrations in the Rothamsted laboratory, his exposi- 
tions in the field, and the infinite care that he took to make 
everything clear and to emphasise it finally by reference to that 


vast series of tables with which all students of Rothamsted have 
become familiar. 
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Not even increase of years seemed to dim the energy or activity, 
still less the enthusiasm, of Gilbert, and it was not until after the death 
of Sir John Lawes in August, 1900, that he showed any signs of failing 
health. Even then he could not be persuaded to put his work aside 
or take a needed rest, but continued, as before, to send in his regular 
reports to the Lawes Trust Committee, and to plan out work for future 
development. 

In disposition, Gilbert was most friendly and amiable. Everyone 
had a good word to say for him. Jealousy of anyone else seemed to 
have no place in his nature, and desire of personal gain was an element 
foreign to his character. His devotion to work was shared in and 
ably aided by his wife—the present Lady Gilbert—who survives him, 
and to whose unremitting care is largely due that he was so long 
spared to continue his labours. 

To detail Gilbert’s work would be to write the account of the 
Rothamsted experiments—a task beyond the limits of the present 
notice—and it is only necessary to recall the fact that it dates from 
the time of the inception of the “mineral theory ” of Liebig—which 
made way for the “nitrogen theory” of Rothamsted—to the com- 
paratively recent questions of soil organisms and assimilation of 
atmospheric nitrogen by plants. 

Gilbert was made a Fellow of the Royal Society in 1860, and in 
1867 he, with Lawes, received a Royal medal of that Society. Many 
other distinctions from learned societies, public bodies, and universities 
followed the prolific work emanating from Rothamsted. Oxford Uni- 
versity made him Sibthorpian Professor of Rural Economy in 1884, 
the Albert Gold Medal of the Society of Arts was awarded him, and 
the conclusion of 50 years of Lawes and Gilbert’s joint labours was 
marked by a presention to him on July 29, 1893, and the inscription 
of his name, together with that of Lawes, on a granite monolith 
erected in front of the Rothamsted Laboratory. As a fitting sequence, 
Gilbert was, to universal satisfaction, given, by her late Majesty Queen 
Victoria, the honour of knighthood. 

He died at his own house, at Harpenden, which adjoins the scene 
of his labours, and now he rests in the village churchyard there beside 
his life-long associate, Lawes. Many may well envy the encomium on 
Gilbert which the Spectator expressed when it said of him “ He 
achieved the rare distinction of gaining a world-wide reputation 

without being known to the man-in-the-street.” J. A.V. 


Henry Grorcz Mapan, who died on the 22nd of December, 1901, 
was born on September 6th, 1838, and after being educated at a 
private school near Bath and at Marlborough College gained a classical 
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exhibition at Corpus Christi College, Oxford, in 1857. He obtained 
a second class in Moderations and a first class in Natural Science, and 
in 1862 was elected to a Fellowship at Queen’s College, which he held 
for the remainder of his life. From 1863 to 1869 he was demon- 
strator in chemistry in the University. In 1869 appeared the first 
edition of the well-known Luxercises in Practical Chemistry, written by 
Mr, A. G. Vernon Harcourt and himself. In the same year, he was 
appointed First Science Master at Eton College. He held this post 
for twenty years, and, though not an inspiring lecturer or one able to 
obtain a mastery over unwilling boys, he was an admirable teacher for 
those who desired to learn ; by them his labours as a schoolmaster will 
always be appreciated and remembered with real gratitude. 

Among his published works are to be mentioned a new edition of 
Wilson’s Inorganic Chemistry (1871), Lessons in Elementary Dynamics 
(1886), An Elementary Treatise on Heat (1889), Tables of Quantitative 
Analysis (1881), and several papers and notes on optical experiments 
and their demonstration. His name is not associated with much 
original work, but the observations on the remarkable potassium 
chlorate crystals afterwards investigated by Stokes are noteworthy. 
Towards the close of his life he devoted much attention to optical 
research and to the British Association bibliography of spectroscopy. 

A few years before his death, he was crippled by an accident which 
deprived him of his right arm and disabled one leg, and doubtless laid 
the seeds of his fatal illness, To a man of his extraordinary bodily 
activity who devoted himself, even in advanced years, to rowing as an 
exercise and to dextrous mechanical work as a pastime, the loss must 
have been heartbreaking ; but it only gave him the opportunity of 
displaying his unyielding and strenuous character ; he had always 
steeled himself against the exhibition of feeling; and with indomi- 
table energy he returned as far as possible to his scientific work. 

Mr. Madan possessed a keen and rigid intellect ; he was an able 
experimentalist and a fine mechanician, and used to say that he never 
employed a machine which he could not make for himself. He was 
also an excellent scholar ; in this connection it will be remembered 
that he suggested the Homeric names, Deimos and Phobos, for the 
satellites of Mars. 

His scientific apparatus, much of which was made by himself, he 
distributed before his death, partly to his College, and partly to the 
Mineralogical Department of the University Museum as a gift to one 
of his old pupils, H. A. M. 


Mr. W. B, RanpatL, of Southampton, who died on March 14th, 
aged 81, was one of the oldest of our Fellows, having been elected as 
an Associate in April 1843. Originally an apothecary in the old 
Sense of the word, he finally adopted pharmacy as his profession. 

VOL. LXXxI, UU 
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Mr. Randall was a private pupil of Mr, R. Warington, the first 
Secretary of the Chemical Society, and studied Chemistry at University 
College under Thomas Graham, taking the Silver Medal in the session 
of 1843, Mr. Randall was a J.P. for Southampton, and had held 
office on the City Council and as Chairman of the School Board. 


Savitte SHaw was born at Ardwick, Manchester, on December 
22nd, 1864. He received his early education at the Manchester 
Commercial School, and while at school displayed that keen interest 
in experimental science which he retained through life, and which, no 
doubt, led to his pursuing his education at the Owens College, where 
he became a student in 1880. During the period he was at Owens 
College, Shaw devoted himself mainly to the study of chemistry under 
Sir Henry E. Roscoe, and after completing his course spent a year in 
the “ Doctor’s” private laboratory. It was at this time that he 
conducted the investigations on pentathionic acid and the penta- 
thionates, the results of which were embodied in a paper published in 
the Transactions of this Society for the year 1883. 

In January, 1884, Saville Shaw, who had just entered on his 
twentieth year, came to Newcastle as assistant in the Chemical 
Department of the Durham College of Science, with which institution 
he was associated until his untimely death, a period of upwards of 
seventeen years. At first with the duties of this post those of lecture 
assistant were combined, in the discharge of which Shaw displayed 
great care and ingenuity, and a resourcefulness which the writer of 
this notice has had occasion repeatedly to admire and thankfully to 
appreciate. Relinquishing this work after a time, he became lecturer 
in chemistry, devoting himself to the teaching in the laboratory and 
the lecture room, in both of which his quiet manner, his knowledge, 
and his keen appreciation of the difficulties of the student contributed 
to make him popular as a teacher. Nor was this alone the opinion of 
the College students, for under the auspices of the County Councils of 
Northumberland and Durham he gave several courses of lectures in 
various parts of these two counties, and by schoolmasters and miners 
alike his lectures were highly valued and appreciated. 

When, in 1890, the College in enlarging its sphere of work added 
a Department of Metallurgy, Mr. Shaw, who had always shown a 
special leaning to inorganic chemistry and the chemistry of the metals, 
was elected to take charge of this department, and in this capacity 
commenced an investigation on the microstructure of alloys. Of the 
results of this investigation he has only published a short note, which 
appeared in Vatwre, August 11th, 1898, accompanied by reproductions 
of two photographs of sections, which show well his admirable skill in 
this class of work. Amongst his effects have been found a large 
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number of photographs and sections and also the notes relating thereto, 
which Mr. Stead has undertaken to edit for publication. 

Despite the arduous duties of his post and a by no means robust 
constitution, Shaw was not unmindful of the fact that in an industrial 
community there are many problems the scientific investigation of 
which may serve to advance knowledge and help at the same time to 
the proper understanding by the layman of the advantages of a 
scientific training. Thus, he not only lent valuable assistance to the 
writer in an investigation of the cause of the explosion of an air-receiver 
at one of the neighbouring collieries, but also was one of the most regular 
attendants at the meetings of the Flameless Explosives Committee 
formed by the North of England Institute of Mining and Mechanical 
Engineers, and in the conduct of the numerous experiments of that 
committee gave invaluable aid and contributed to the report a special 
. ction dealing with “Gases and Gaseous Mixtures.” 

§ ville Shaw took a great interest in the literature of his own 
county, he had a facile pen and a keen and somewhat caustic wit, to 
which he occasionally gave liberty in verses which were much enjoyed 
by a small circle of friends. 

For some years he acted as Hon. Sec. and Treasurer to the New- 
castle Section of the Society of Chemical Industry, for which body he 
laboured most successfully, his organising power and ability finding 
expression in the great success of the general meeting of that society 

which was held in Newcastle in 1899. To mark their sense of appre- 
ciation of his work, the members of this section have subscribed to 
found a medal, which is to be awarded as a prize to students in 
chemistry or metallurgy, so that his memory may be always associated 
with the science to which he was so devoted. 

His unassuming modesty and kindly nature endeared him to his 
colleagues, to whom and to his relations his sudden death on 
November 5th, 1900, came as a great shock. 

In 1896, the University of Durham, in recognition of his work in 
connection with the College of Science and the extension lectures in 
the county, conferred on him the degree of M.Sc. P. P. B. 


Maxwe.t Smmpson, who died in London on February 26th last, was 
a son of Mr. Thomas Simpson, of Beech Hill, co. Armagh, Ireland, and 
was the youngest of a family of nine. He was born on March 15th, 
1815, and thus nearly completed his eighty-seventh year. He was 
educated at a private school in Newry, which was well known at the 
time, kept by Dr. Henderson, and from this school he passed into 
Trinity College, Dublin. 

In his early boyhood he was much in the company of the brilliant 
and witty Charles James Lever, the novelist and physician. Suscept- 
ible as he was throughout his life to personal influences, the conversa- 
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tion of Lever, which often turned on physiological problems, led the 
young Simpson to look to the profession of medicine as his future 
career. But with this directing impulse towards science there was 
also a natural restlessness,.a seeking after new ideas, new impressions, 
which may well have been intensified by the example of the author of 
* Charles O’ Malley,” himself a wanderer, who died in a distant land. 
Thus, after taking his A.B. degree, he did not then proceed to the 
M.B., but travelled to London, from which place he made several 
journeys to Paris. 

During one of these visits to Paris he attended the lectures of 
Dumas. This was a great event in his life. Within the charm of 
this great investigator and teacher, of the personality so well 
remembered by many of us, the Irish student found what he had 
dreamt of, what he had longed and sought for. He found satis- 
faction for that restless discontentedness with a conventional carec 
which had led him to wander from home, that healthy discontc::: to 
which the world is indebted for so many great men. He bu lt for 
himself in his imagination an ultimate object of life, an ideal ; he saw 
the possibility of molecular structures of never-ending wonder and 
beauty, and he pledged himself to endeavour to realise them. To 
this ideal he remained fervently true throughout his life. Maxwell 
Simpson was a man of wide culture and never-failing humour, and a 
personality as kind as it was true; but no one really knew him who 
did not know of his ideal. Like the knight in Diirer’s picture, he rode 
on; all other things which most men prize—wealth and worldly 
recognition—he brushed aside; he had one single object only, his 
ideal, which meant the pursuit of chemistry. 

On his return to London he decided to go through a preliminary 
training in chemistry, and for that purpose entered Graham’s 
laboratory in University College, where he remained two years. After 
this, in 1845, he settled in Dublin and married a daughter of Mr. Samuel 
Martin, of Langthorne, co. Down. Mrs. Simpson entered with an en- 
thusiesm which never relaxed into her husband’s ideal and made it her 
own. Much of his success was due to her womanly tact and counsel. In 
1847 he became lecturer in chemistry at the Park Street Medical 
School, called later the Ledwich School of Medicine, and in order 
to hold this position he took his M.B. degree at Dublin University® 
He retained this lectureship until 1857. 

In 1851 he longed once more for that atmosphere of scientific 
research which was found then, as now, in its best development in the 
universities of the Continent. Hé 6btained leave of absence from the 
Medical School and went with his wife and family to Germany, where 
he remained three years. The happy scientific and social intercourse 
of those years always remained fresh in the memories of Dr. and Mrs. 
Simpson, and in after years nothing pleased them better than to relate 
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to their friends their pleasant experiences of “ plain living and high 
thinking” in the university towns on the Neckar and the Lahn. 
Like other foreign students who are privileged to enjoy both German 
living and German thinking, Maxwell Simpson became a missionary 
of the culture and industry of the Germans to his native land. 

After his training in Graham’s laboratory he was prepared to begin 
original inquiries, and in the laboratory of Bunsen in Heidelberg, 
and of Kolbe in Marburg, he made good progress. In these 
laboratories he had among his fellow workers and friends many who 
have since become well known in the annals of science. His first 
published paper emanating from Heidelberg was on improved methods 
of organic analysis: ‘‘ Ueber neue Methoden zur Bestimmung des 
Stickstoffs in organischen und unorganischen Verbindungen” (Annalen, 
1855, 95, 63). These methods are especially applicable to compounds 
which burn with difficulty, and a full account of them will be found in 
Fresenius’s “ Quantitative Analysis’ and in Roscoe and Schorlemmer’s 
“Treatise on Chemistry.” 

Maxwell Simpson returned in 1854 to his medical classes in Dublin, 
but they seem to have interfered too much with the pursuit of his ideal, 
for in 1857 he resigned the lectureship and proceeded with his family 
once more to the Continent. This time it was Wurtz, in Paris, who, 
by his discovery of the glycols, attracted him, as he attracted other 
students, to his laboratory. Here he worked for upwards of two years 
enjoying the same friendly intercourse among French chemists that he 
had experienced before among the Germans across the Rhine. His 
inquiries were directed to the elucidation of the theory of polyhydric 
alcohols. At this period he published “Note concernant l’action du 
Bréme sur I’Iodide d’Aldéhydéne” (Compt. rend., 1858, 56, 467) ; 
“On the Action of Acids on Glycol,” two papers (Proc. Roy. Soc., 1859> 
9, 725 ; 1860, 10, 114) ; “ Action du Chlorure d’Acetyle sur |’Aldé- 
hyde” (Compt. rend., 1858, 4'7, 874) ; “Sur une Base nouvelle obtenue 
par l’Action de l’Ammoniaque sur le Tribromure d’Allyle” (Compt. 
rend., 1858, 46, 785). 

Returning once more to Dublin in 1860, he fitted up a laboratory in 
his house in Wellington Road where, for seven years under the most 
difficult conditions, he pursued his inquiries, and where his greatest 
Baccesses were achieved. In the back kitchen of this house he obtained 
for the first time synthetically succinic and other di- and tri-basic 
acids. That alkyl cyanides on hydrolysis yield monobasic acids was 
known ; but he was the first to apply the reaction to the cyanides of 
the dyad and triad radicles, obtaimimg di- and tri-basic acids. Thus, 
he prepared succinic acid from ethylene dicyanide, pyrotartaric acid from 
propylene dicyanide, tricarballylic acid from tricyanopropane, and also 
many hydroxy-acids from corresponding cyanides. The following con- 
tributions were the result of work done in Wellington Road: “On a Com- 
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pound of Dibromallylammonia and Chloride of Mercury” (Phil. Mag., 
1859, [iv], 1'7, 194); “On Gganide of Ethylene and Succinie Acid” 
(Proc. ‘Roy. Soc., 1860, 10, 574); “On the Synthesis of Succinic and 
Pyrotartaric Acids” (Phil. Trans., 1860, 61); “On the Action of 
Chloride of Iodine on Iodide of Ethylene and Propylene Gas” (Proc. 
Roy. Soc., 1862, 11, 590); “On the Synthesis of Tribasic Acids” 
(Proc. Roy. Soc., 1863, 12, 236; this Journ., 1865, 18, 331) ; “On 
the Direct Transformation of Iodide of Allyle into Iodide of Propyle” 
(Proc: Roy. Soc., 1863, 12, 533); “On the Acids Derivable from the 
Cyanides of the Oxy-Radicles of the Di- and Tri-atomic Alcohols” 
(Proc. Roy. Soc., 1864, 18, 44); “On the Action of Chloride of Iodine 
upon Organic Bodies” (Proc. Roy. Soc., 1864, 18, 540); “On the 
Formation of Di-iodacetone” (Laboratory, 1867, 1, 79); “On the 
Direct Transformation of Chloride of Ethylidene into Glycol” (Phit. 
Mag., 1868, [iv], 35, 282); “On some New Derivatives of Acetone” 
(Proc. Roy. Soc., 1868, 16, 364). 

In 1867 he again visited Paris and continued his researches in 
Wurtz’s laboratory. These inquiries resulted in two memoirs, the 
one “On the Formation of Succinic Acid from Chloride of Ethylidene ”’ 
(Report Brit. Assoc., 1867, 42), and the other in conjunction with 
Arm. Gautier, “Sur une Combinaison Directe d’Aldéhyde et d’ Acide 
Cyanhydrique ” (Compt. rend., 1867, 65, 414). He then resided in 
London for a few years, when he acted as Examiner at Woolwich, 
Coopers Hill, and for the Indian Civil Service. He examined also in 
Materia Medica for the Queen’s University in Ireland. 

Maxwell Simpson, at the age of 57, received his first important 
appointment, and thereby became entitled to a regular professional 
income for the first time. On the death of Dr. John Blyth in 1872, 
he was appointed Professor in Queen’s College, Cork. He took to the 
Cork College the prestige of a scientific inquirer, well known in the 
laboratories of England, France, and Germany. He held the chair for 
nearly twenty years, when he retired in 1891. The behaviour of 
iodine chloride in organic reactions had always interested him, and 
this and other subjects attracted his attention while in Cork. He 
published the following papers : ‘‘ On the Bromiodides” (Proc. Roy. Soc., 
1873, 22, 51) ; “On the Determination of Urea by Means of Hy - 
bromite of Soda,” in conjunction with Mr. C. O’Keeffe (this Journ 
1877, i, 538) ; “Chemical Notes” (Proc. Roy. Soc., 1878, 27, 118);* On 
the Formation of Chlor-Iodide and Brom-Iodide of Ethylidene” (Proc. 


Roy. Soc., 1878, 27, 424). , we from the Cork chair in 


1891 he resided in London. 

The discoveries of Maxwell Simpson without doubt place him among 
the great chemists who laid the foundations of organic chemistry in 
the last century. But it may be that still greater than his actual 
achievements was his lifelong devotion to the prosecution of 
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science, to the ideal he formed for himself under the influence of 
Dumas. ; 

Maxwell Simpson became a Fellow of the Chemical Society in 1857, 
served as a Member of the Council 1864—1870, and Vice-President, 
1872—1874; Fellow of the Royal Society, 1862; Honorary Fellow of 
the King’s and Queen’s College’ of Physicians of Ireland, 1865; 
Senator of the Queen’s University in Ireland, 1873—1882 ;~President 
of the Chemical Section of the British Association, 1878; Fellow of 
the Royal University of Ireland, 1882—1891. He received the 
degrees of M.D,, 1864, and LL.D., 1878, from Dublin University, and 
D.Sc., 1882, from the Queen’s University, honoris causa. A. 8. 


Wit.1aM Tuomas Newron Spivey.—On October 9th, 1901, a serious 
accident occurred in the University Chemical Laboratory, Cambridge, 
which a fortnight later led to the death of Mr. W. T. N. Spivey, and 
robbed the University of one of the most promising and popular 
members of its chemical school, adding one more name to the roll of 
those who have lost their lives in the pursuit of science. 

Mr. Spivey was born on the last day of the year 1868, and received 
his early education at Elmfield College, York, where he at once gave 
evidence of the all round thoroughness which characterised his later 
work. In 1883, while still at Elmfield, he gained distinction in 
almost all the subjects of the Cambridge Local Examination, taking 
the first place in mathematics and chemistry, and thus winning a 
scholarship at the High School, Newcastle-under-Lyme, From 1883 to 
1887 he worked at Newcastle, chiefly at science and mathematics, and 
while there, passed the London Matriculation Examination, taking the 
first place on the Honours List, and thus gaining the Exhibition. About 
the same time, he was elected to a sub-sizarship at Trinity College, 
Cambridge, for science and mathematics, and came into residence in 
October, 1887. 

His career as an undergraduate was marked by success, the result 
of diligence and enthusiasm in his work in the laboratories. In 1889, 
he was placed in the first class in Part I of the Natural Science Tripos. 
In the same year he was elected a Scholar of his college, and in 
1891 he gained a First Class in Part II of the Natural Science Tripos, 

ith chemistry as his chief, and physics as his second, subject, and pro- 
ceedéd to his B.A. degree. He continued to reside in Cambridge, giving 
much of his time to teaching both as a junior demonstrator in the Uni- 


versity Chemical Laboratory, ee private tutor, and during these 


years proceeded to his M.A. de Cambridge, and his London B.Sc. 

In 1896, he left Cambridge ‘6 the post of Science Master at 
Epsom College, where he at once showed himself to be a successful 
teacher. Before the end of the year, however, he returned to Cam- 
bridge, being invited by Professor Dewar to become Jacksonian 
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Demonstrator in the University, which post he continued to hold until 
the day of his death. 

Asa lecturer, he at once attained great popularity, and all his courses 
of lectures were largely attended. He was especially successful in his 
lectures on advanced organic chemistry, in which subject his very 
wide reading and his extraordinarily methodical mind enabled him to 
arrange the vast amount of information in his lectures in an orderly, 
logical, and systematic manner which was of the greatest benefit to 
his pupils, As a demonstrator, his kindly, genial manner, and his 
earnestness and enthusiasm for his subject, marked him out as the 
man to whom the student in difficulty always turned for help, with 
the certainty of receiving the most careful and courteous explanation, 
however trivial or however wide the question might be. 

His great popularity among the students was shown by the success 
which attended his effort to reorganise the Students’ Chemical Club, 
of which he was secretary at the time of his death, and which he 
left in a thoroughly flourishing condition. 

With so large a proportion of his time ungrudgingly given up to 
teaching, Mr. Spivey’s contributions to chemical research were not so 
numerous as they might have been had he used for his own work 
the time he gave so willingly to helping others. 

The formation of closed carbon chains by condensations starting 
from acetylene tetrabromide first claimed his attention, but he was 
unfortunately anticipated in the publication of his results. He 
then undertook with two of his colleagues in the University Chemical 
Laboratory an investigation on the active principle of Indian hemp, 
which, together with a number of terpenes and other compounds 
occurring in hemp, formed the subject of two papers in the Transac- 
tions of the Society. Concurrently with this work he was engaged in 
the synthesis of various terpene derivatives, but again had the mis- 
fortune to be anticipated. 

It was while he was preparing material for the synthesis of 
eannabinolactone, a derivative of cannabinol, the narcotic principle 
of Indian hemp, that he met with the sad accident which ultimately 
caused his death. A flask containing a considerable quantity of 
carbon disulphide, which he had been using as a diluent in Etard’s 
reaction for preparing aromatic aldehydes, accidentally broke in his 
hand after the reaction had been completed. Some of the disulphide 
saturated his clothes, the rest vaporised, and the explosive mixture of 
vapour and air became ignited. Theexplosion caused several wounds 
but the most serious injuries were the burns due to the ignition of 
the disulphide with which his clothes "were saturated. All appeared to 
be going well with him for a week after the accident, when pneumonia, 
which so frequently follows severe burns, supervened and caused his 
death after a second week’s painful illness. T. B. W. 
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LXV.—Mitrogen Chlorides containing the Propionyl 
Group. 


By F. D. Carraway. 


ANILIDES containing the propionyl group have been comparatively 
little studied, and their derivatives are entirely unknown, In the 
course of an investigation of the effect produced upon the properties 
of substituted nitrogen chlorides and bromides by a change of acyl 
group, a number of such substances have been prepared. 

Aniline and the chloroanilines, when they are heated with propionic 
anhydride or in the case of symmetrical tri-derivatives with pro- 
pionyl chloride, readily yield propionanilides. These resemble closely 
the corresponding acetyl compounds, but differ from them in the 
prevailing habit of the crystals, and in a more ready solubility in 
organic solvents. All the propionanilides, on treatment with hypo- 
chlorous acid, yield substituted nitrogen chlorides. Hypochlorites are 
probably first formed, the nitrogen developing its higher valency and 
water being subsequently eliminated thus : 


CO-CH,*CH, 
P CO:CH,CH => | ih. 
. N<OOCHY CH, 4 HOC! =< NOH — 
Cl 


C Nor” CH,°CH, + HO. 


The action appears to be a ae one, for on placing a nitrogen 
chloride in water the opposite change takes place to a small extent 
until a position of equilibrium is reached. 

These nitrogen chlorides show all the characteristic reactions of the 
group, a noticeable feature of such reactions being the invariable 
replacement of the halogen by hydrogen. 

Some of these changes are reversible, the following equation, for 
example, expresses what takes place when chlorine is passed into a 
solution of an anilide,.or hydrogen chloride into a solution of the 

scorresponding nitrogen chloride : 


Cl ps »~- CH,'CH, 

z 0-CH,:CH 
“0K Ne aves + Ol, Ze O OG ss 
Cl 


+a 
one u< COOH ‘CH, . HO. 


Vo 
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“The direetion in which action takes Pp depends on the relative 
masses of the various substances in the system, In presence of salts 
of weaker acids, such as propionic or acetic, which remove the 
hydrogen chloride as fast as it is formed, the nitrogen chloride is 
produced, whilst if excess of hydrochloric acid be added, or the chlorine 
withdrawn as it is liberated, the anilide is re-formed. 

When hydrogen is attached to the phenyl nucleus either in the 
para- or the ortho-position, these nitrogem chlorides readily undergo 
isomeric change. . 

When an unsubstituted phenyl group is present, the chlorine atom 
attached to the nitrogen and a hydrogen atom, either in a para- or an 
ortho-position change places, and a chloropropionanilide results. 

When either of these positions is occupied by halogen, exchange 
takes place into the one still occupied by hydrogen, whilst when both 
the para- and one ortho-position have been taken up, the halogen passes, 
although somewhat less readily, into the remaining unfilled ortho- 
position. No transference of halogen from the nitrogen to a meta- 
position has been observed. The following scheme shows the direction 
of transformation : 


NHPr NCIPr 
2 

NOIPr 7 \ “sa Baier 

“4 vl er (‘el ae 


NClPr NH 
ree if Na : vs 
a : / 
ol ol 


These intramolecular rearrangements take place on heating and 
especially readily under the influence of chlorine or reagents, such as 
hydrogen chloride, which can cause the liberation of chlorine. 

When nitrogen chlorides containing phenyl ‘groups with an ortho- 
or para-position unoccupied by halogen take part in the group reactions 
previously referred to, ‘the primary ‘action often plays quite a sub- 
ordinate part owing to the rapid transformation, induced by the 
reagent or by some product of the change, destroying the nitrogen 
chloride before it can enter into reaction. The behaviour of propionyl 
phenyl nitrogen chloride with hydrochloric acid or with alcohol may be 
given as an example, 


~ 
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These isomeric changes, which follow exactly the course of direct 
substitution, strengthen the view that in the chlorination and bromin- 
ation of anilines and anilides the halogen becomes first attached to the 
pitrogen, and then, during the periodic motions of the molecule, passes 
into the more stable configuration where it is attached tothe ring. In 
the presence of an amino-group or of an acyl imino-group, the other 


atoms or groups present exert a comparatively inappreciable influence, 


EXPERIMENTAL. 
Propionyl Phenyl Nitrogen Chloride, C,H,*NCl-CO-CH,°CH,. 


This compound is best prepared by adding a large excess of a solu- 
tion of sodium hypochlorite containing potassium bicarbonate to an 
alcoholic solution of propionanilide, both cooled to zero, The nitrogen 
chloride slowly separates in small, hard plates. It is very readily 
soluble in chloroform or benzene, and easily in warm petroleum of low 
boiling point. It crystallises from the latter solvent in colourless, 
transparent, glistening plates, apparently rectangular with domed ends, 
and melts at 77°: 


0:2054 liberated I = 22°3 c.c. V/10 iodine.* Cl as -N-Cl=19°24. 
C,H,,0:NCl requires Cl as -N*Cl=19°31 per cent. 


On being heated rapidly above its melting point, this compound 
undergoes transformation suddenly at about 180—190° with consider- 
able development of heat to a reddish, slightly impure, mixture of 
p- and o-chloropropionanilide. This transformation is also brought 
about by heating the nitrogen chloride under a little water, or by 
passing into its solution in any solvent a few bubbles of hydrogen 
chloride. In the latter case, the isomeric change is very rapid, and the 
solution boils violently from theheat developed. It is slowly and quanti- 
tatively transformed with a very slight development of colour when 
dissolved in chloroform to which a few drops of propionic acid have been 
added and the solution allowed to stand for some days. About 90 per 
cent. of the p- and 10 per cent of the o-chloropropionanilide are 
produced. 


p-Chloropropionanilide, C,H,Cl-NH*CO-CH,°CH,. 


This can be easily obtained by once crystallising from alcohol the 
transformation product of propionyl phenyl nitrogen chloride, On 
account of the inevitable slight waste in purification and the cost of 
* All the nitrogen chlorides and bromides described in this paper were analysed 
in the same way. A weighed quantit, ‘as dissolved in dilute acetic acid, excess of 


potassium iodide added, and the liberated iodiue estimated by a decinormal golution 
of sodium thiosulphate, 
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propionic anhydride, it is more coonsiialal to prepare it from p-chloro- 
aniline. This base, when mixed with the equivalent quantity of pro- 
pionic anhydride, readily reacts with considerable development of heat, 
and the operation is completed by heating for an hour to 120° in an oil- 
bath, the solid product being recrystallised first from alcohol and 
finally from chloroform. It is sparingly soluble in petroleum of low 
boiling point, but readily so in acetic acid, alcohol, or chloroform. 
From the latter solvent, it separates in small, glistening, four-sided, 
apparently rhombic plates, and melts at 141°: 


0°2005 gave 0°1562 AgCl. Cl=19°26. 
C,H, ,ONCI requires Cl= 19°31 per cent. 


Propronyl p-Chlorophenyl Nitrogen Chloride, C,H,Cl-NCl-CO-CH,:CH,. 


This compound was prepared and purified by the method just 
described. In solubility and general properties, it closely resembles 
the phenyl compound. It crystallises from petroleum of low boiling 
point in glistening, colourless, apparently rectangular plates with 
domed edges, and melts at 55°. When heated above this temperature, 
it begins to darken in colour at about 150° and at about 210° undergoes 
transformation into 2:4-dichloropropionanilide with considerable 
development of heat. When treated as described on p. 639, this trans- 
formation takes place quantitatively : 


0°2069 liberated I=19 c.c. V/10 iodine. Cl as <N-Cl= 16°28. 
C,H,OCI*NCI requires Cl as -N-Cl=16°26 per cent. 


Propionyl p-Chlorophenyl Nitrogen Bromide, C,H,Cl-NBr-CO-CH,"CHs. 


This, like all the nitrogen bromides described in this paper, was 
prepared by shaking the corresponding propionanilide dissolved in 
chloroform for about an hour with a solution of hypobromous 
acid* containing a little potassium bicarbonate. The chloroform solu- 
tion was well washed with water, and finally with very dilute alkali to 
remove any free bromine, dried, and the solvent evaporated off on a 
water-bath in a current of dry air. When the chloroform was com- 
pletely removed, the yellow oil thus obtained solidified on cooling to a 
pale yellow solid, which was best purified by recrystallisation from 
petroleum of low boiling point. This, like the nitrogen bromides 
described later, is a yellow, well crystallised solid very readily soluble 
in benzene or chloroform, and moderately so in petroleum. 

Propionyl p-chlorophenyl nitrogen bromide crystallises in groups of 
long, glistening, bright yellow, transparent rhombic prisms, apparently 
four-sided with domed ends, and melts at 71°: 


* Made by shaking mercuric oxide suspended in water with bromine. 
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03564 liberated I= 27:1 c.c. V/10 iodine. Br as -N-Br=30°4. 
C,H,OCI:NBr requires Br as :N-Br = 30°45 per cent. 


It is readily transformed into 4-chloro-2-bromopropionanilide when 
its solution in chloroform containing a few drops of acetic acid is 
allowed to stand for some days in a sealed tube. 


o-Chloropropionanilide, C,H,Cl-NH*CO-CH,°CH,. 


This substance is best prepared by heating o-chloroaniline with 
propionic anhydride. Considerable heat is evolved on mixing these 
substances, and the action is complete after an hour’s heating at 120°. 
The product is very readily soluble in ordinary solvents, and crys- 
tallises well from petroleum (b. p. 80—100°) in groups of colourless, 
glistening, needle-like plates melting at 91°: 


0:1831 gave 0°1421 AgCl. Cl=19°19. 
C,H, ,ONCI requires Cl= 19°31 per cent. 


Propionyl o-Chlorophenyl Nitrogen Chloride, C,H,Cl-NCl-CO-CH,°CH,. 


This compound crystallises from light petroleum in groups of glisten- 
ing, colourless, transparent rhombic plates with domed edges and 
melts at 57°: 


0:1969 liberated I= 17-9 c.c. V/10 iodine. Clas -N-Cl=16:11. 
C,H,OCI:NCI requires Cl as :-N-Cl= 16°26 per cent. 


It is more stable than the corresponding p-chloro-derivative, but is 
transformed quantitatively into 2: 4-dichloropropionanilide if heated 
at 150° in a sealed tube with a few drops of propionic acid. When 
heated above its melting point, it decomposes at about 220°, but the 
product is dark in colour and contains only a little of the isomeric 
anilide, 


Propionyl o-Chlorophenyl Nitrogen Bromide, C,H,Cl-NBr*CO-CH,°CHg. 


This nitrogen bromide crystallises from petroleum of low boiling 
point in elongated, four-sided rhombic prisms, often 1—2 cm. in length, 
of a very pale yellow colour, and melts at 106°. It is much less 
soluble in all solvents than the other nitrogen halogen compounds 
described in this paper : 


0°3625 liberated I= 27°5 c.c. V/10 iodine. Br as :N-Br=30°33. 
C,H,OCI:NBr requires Br as ‘N-Br = 30°45 per cent. 


When slowly heated in a sealed tube with a few drops of propionic 


pn at about 140°, it is transformed into 4-chloro-6-bromopropion- 
anilide, 


| 
| 
i 
; 
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2 : 4-Dichloropropionanilide, C,H,Cl,*NH-CO-CH,°CH,. 

This compound can be prepared by the direct chlorination of 
propionanilide dissolved in acetic acid, but is most easily obtained by 
heating 2:4-dichloroaniline with the equivalent quantity of propionic 
anhydride at 160° for 3 hours. It erystallises from alcohol in long, 
colourless, flattened prisms and melts at 121° It is easily soluble 


in chloroform and crystallises well from this solvent in long, silky 
needles : 


0°1484 yielded 0°1946 AgCl. Cl=32-42. 
C,H,ONCI, requires Cl = 32°52 per cent. 


Propionyl 2: 4-Dichlorophenyl Nitrogen Chloride, 
C,H,Cl,*NCl-CO-CH,°CH,. 


This is most easily prepared by dissolving 2:4-dichloropropionanilide 
in a little cold glacial acetic acid, and slowly pouring into this an 
excess of a strong solution of bleaching powder. A pale yellow oily 
liquid is thrown down. This is extracted with petroleum of low 
boiling point, washed well with water and a dilute solution of potassium 
bicarbonate, and dried. On allowing the solvent to evaporate in a 
vacuum, the nitrogen chloride separates in glistening, colourless, trans- 
parent, flat rhombic plates, apparently rectangular with domed edges,* 
and melts at 64°. It is extremely soluble in chloroform, but cannot 
be crystallised from this solvent, as a mere trace of it prevents solidi- 
fication. 

This compound can also be easily prepared by dissolving propion- 
anilide, y-chloropropionanilide, or 2:4-dichloropropionanilide in cold 
glacial acetic acid containing an excess of sodium acetate, and passing 
chlorine into the cooled solution until it is no longer absorbed. On 
adding water to the product and extracting with petroleum as above, a 
theoretical yield is obtained : 


0°3204 liberated I= 25-4 c.c. V/10 iodine. Cl as -N*Cl=14:05. 
©,H,OCI,:NCl requires Cl as ‘N*Cl= 14:04 per cent. 


Propionyl 2:4-dichlorophenyl nitrogen chloride is very stable, and 
can be heated at 100° in a sealed tube for a long time without change. 
It undergoes transformation, however, into 2:4: 6-trichloropropion- 
anilide on heating for a short time at 150° in a sealed tube with a 


* Most of the hydrogen halogen derivatives containing the propionyl group crys- 
tallise from petroleum in modifications of this form and are thus distinguished from 


the acetyl derivatives, which, as a rule, separate from this solvent in prisms with 
domed ends, 


- 


CONTAINING THE PROPIONYL GROUP. 648 


little propionic acid. When heated alone above 100°, it slowly darkens 
in colour, and at about 220—230° decomposes, giving off a little 
chlorine, and leaving a dark coloured, tarry mass. When heated with 
water, it is slowly hydrolysed, 2: 4-dichloropropionanilide and hypo- 
chlorous acid being formed. When it is treated with cold hydro- 
chloric acid, chlorine is rapidly evolved, and 2 : 4-dichloropropionanilide 
regenerated. 


Propionyl 2 :4-Dichlorophenyl Nitrogen Bromide, 
O,H,Cl,* NBr*CO-CH,°CH,,. 


This crystallises from petroleum at low boiling point in glistening, 
transparent rhombs of a very pale yellow colour, and melts at 66°: 


0°4374 liberated [= 29-5 c.c. V/10 iodine. Br as -N*Br=26°96. 
C,H,OCI,:-NBr requires Br as ‘-N-Br = 26-92 per cent. 


It is readily transformed into 2 : 4-dichloro-6-bromopropionanilide 
when heated for a short time at 140° in a sealed tube with a few drops 
of propionic acid. Heated alone in an open tube, it begins to darken 


in colour at about 110°, and is transformed with some decomposition 
at 160—170°. 


2:4:6-Trichloropropionanilide, C,H,Cl,*NH*CO-CH,°CH,. 


This was obtained by heating together 2:4: 6-trichloroaniline with 
a slight excess of propionyl chloride until hydrogen chloride was no 
longer evolved, the temperature being finally raised to about 180°, It 
was recrystallised from alcohol, in which it is readily soluble, and from 
which it separates in long, colourless, flattened prisms, melting at 161°: 


0°1473 gave 0°2504 AgCl. Cl=42-03. 
C,H,ONCI, requires Cl = 42°12 per cent. 


Propionyl 2:4 :6-Trichlorophenyl Nitrogen Chloride, 
C,H,Cl,*NCl-CO-CH,°CH,. 

This substance is best prepared by adding an excess of a solution 
of bleaching powder to a solution of the anilide in glacial acetic acid. 
It separates at first as a yellow oil which after some time solidifies. 
It crystallises well from petroleum of low boiling point in clusters of 
small, elongated plates which have a pearly appearance when pressed 
together ; these melt at 80°. When heated above its melting point, 
it decomposes at about 230° : 


0'1618 liberated I= 11°‘3 c.c. V/10 iodine. Clas ‘-N*Cl=12°38, 
C,H,0CI,:NCl requires Cl as :N*Cl= 12°35 per cent, 
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Propionyl 2:4 :6-Trichlorophenyl Nitrogen Bromide, 
C,H,Cl,*NBr*CO-CH,°CH;,. 


This compound crystallises from petroleum (b. p. 80—100°) in 
bright yellow, rhombic plates and melts at 106°. When heated above 
its melting point, it decomposes about 180°, giving off bromine : 


0:2660 liberated I =16 c.c. V/10 iodine. Bras :N-Br=24°05. 
C,H,OCIl,:NBr requires Br as :N-Br =24°12 per cent. 


It may be noted that the nitrogen bromides derived from chloro- 
propionanilide and from 2 : 4 : 6-trichloropropionanilide, which have a 
symmetrical structure, are of a bright yellow colour, whilst those 
derived from o-chloropropionanilide and 2: 4-dichloropropionanilide, 
which have an unsymmetrical structure, are very pale yellow in 
colour. 


St. BARTHOLOMEW’s HosPITAL AND COLLEGE, 
Lonpon, E.C. 


LX VI.—Dimercurammonium Nitrite and its Haloid 
Derivatives. 
By PraFuLLA Cuanpra RAy, D.Se. (Edin.). 


Since the publication in the Proceedings (1901, 17, 96) of a note on 
the subject of the present paper, I have, after fuller consideration 
of the facts, arrived at somewhat different conclusions from those 
I had then come to; when, therefore, any statement in this paper 
differs from what is found in that note, it is to be taken as 
expressing my later view of the matter. The experimental results 
remain unaltered. 

It has already been pointed out by me (Zeit. anorg. Chem., 1896, 
12, 365; Trans., 1897, '71, 337) that mercurous nitrite is partly 
decomposed by water into mercury and a solution of both mercurous 
and mercuric nitrites, and that when this solution has been prepared ‘ 
by triturating the salt with cold water, about 22 per cent. of the salt 
dissolves without decomposition.* The proportions of the two nitrites 


* In my paper on mercurous nitrite in the Annalen (1901, 316, 250), it is stated 
(p. 252) that much the greater part of this salt dissolves in water unchanged ; but 
that is a clerical error, made in translating. Another error in that paper is the 
reference (p. 250) to the notice of this salt published by Divers and Haga in the 
Transactions. The reference to the statement of these chemists about mercurous 
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in solution may therefore be formulated by 4Hg(NO,), + (HgNO,),. 
The addition of sodium chloride precipitates the mercury of the mer- 
curous salt and leaves in solution mercuric and sodium nitrites, no 


ca doubt as one or more double salts, similar to that described recently 


by Rosenheim (Zeit. anorg. Chem., 1901, 28, 171). It is probable 
that the solution of the two mercury nitrites contains them as double 
salts also, mercuric-mercurous nitrites, firstly, because neither of the 
two is obtainable in solution by itself; secondly, because mercurous 
nitrite dissolving in a solution of sodium or potassium nitrite is wholly 
decomposed into metal and mercuric nitrite combined with the alkali 
nitrite, and, thirdly, because, as pointed out in earlier papers, the solu- 
tion of the mixed nitrites is neutral to litmus, whereas even mercuric 
chloride is acid in absence of an alkali chloride. On the other hand, 
however, it should be mentioned that during the spontaneous evapora- 
tion of this solution, hydrated mercurous nitrite crystallises out 
(Trans., 1897, 71, 340). The non-acidity of these mercuric-mercurous 
nitrite and mercuric-sodium nitrite solutions, as well as their stability 
on dilution, distinguishes them from that of either of the mercury 
nitrates, and other differences are to be found in their behaviour with 
urea and with sodium sulphate, neither of which precipitates them 
(Trans., 1897, '71, 1103). 

Feeling that the formation of stable and neutral double salts of 
mercuric nitrite gives support to the view that nitrites have a consti- 
tution allied to that of haloid salts, as distinct from that of oxylic 
salts such as the nitrates, it occurred to me that further insight into 
the matter might be gained by a study of the action of ammonia on 
mercuric-sodium nitrite. Ammonia yields with the mercuric-sodium 
nitrite solution an insoluble compound having the composition ex- 
pressed by the formula NHg,NO,, together with a little less than 
half a mol. of water, of which it is partly deprived when exposed in 
a desiccator ; it is slightly decomposed in the steam-oven. Since 
mercuric nitrate, similarly treated, gives also a somewhat 
hydrated precipitate, NHg,NO,, which, according to Pesci, becomes 
anhydrous when thoroughly washed with boiling water, a treatment 
hardly possible in the case of the nitrite, the composition of the 
ammoniated nitrite fails to throw the expected light on the consti- 
tution of nitrites. 

The ammoniated mercuric nitrite and its haloid derivatives have, 
however, a special interest in the support they afford to the dimercur- 
ammonium theory propounded by Rammelsberg in 1888 (J. pr. Chem., 
[ii], 38, 558), and since extended to all ammoniated mercury com- 


nitrite is also erroneously given in the footnote to my paper on this salt in the 
Transactions (1897, 71, 387). In both cases it should have been to Proc., 1886, 2, 
250, and Trans., 1887, 51, 49. 
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pounds by Pesci (Gazzetta, 1890, 19, 509, and 20, 485). The 
anhydrous nitrate is known (Rammelsberg, Pesci), and the anhydrous 
bromide (Pesci), as well as the impure anhydrous chloride (Wehl, 
Rammelsberg), but in the rest of the ammoniated mercury compounds 
the dimercurammonium salt assumed to be present is so either in 
combination with water, or with ammonium salt, or with mercury 
salt. The double salts, however, behave in every respect as such 
(Rammelsberg, Pesci), familiar instances of which are the two ‘ white 
precipitates,’ NHg,Cl,NH,Cl and NHg,Cl,3NH,Cl. But hydrated di- 
mercurammonium salts—Millon’s, or oxydimercurammonium, salts— 
do not yield water until the salt itself decomposes. This water is, 
however, readily displaceable by ammonium salts (Pesci, André, and 
others), whilst its fixity to heat before decomposition of the salt may 
be no more than what is seen in the like behaviour of hydrated 
aluminium chloride, hydrated magnesium chloride, and many other 
salts. K..A. Hofmann and Marburg, it is true, deny the existence of 
dimercurammonium salts (Annalen, 1899, 305, 191), but Pesci’s reply 
to them (Zeit. anorg. Chem., 1899, 21, 361) is an experimental refuta- 
tion of most of their objections. 

Now, the ammoniated nitrite, having at most only half the hydra- 
tion necessary to constitute the oxydimercurammonium nitrite, must 
be at least half dimercurammonium salt. Not only is this the case, 
but it has yielded me, in a way to be described presently, a dimercur- 
ammonium chloride and a bromide, each also with only half the hydra- 
tion demanded by the oxydimercurammonium constitution. Finally, 
this half mol. of water can seemingly be displaced by a half mol. of 
either mercuric bromide or chloride. The half-hydrated dimercur- 
ammonium chloride had already been obtained by André in 1889 
(Compt. rend., 108, 1164), although unknown to me when I was 
examining it. André’s method of getting it is perfectly definite, and 
consists in treating mercuric chloride in dilute solution with ammonia 
equivalent to one-fourth of its chlorine in presence of potassium hydr- 
oxide equivalent to the rest, thus ensuring the non-formation of any 
ammonium chloride. My success was gained in essentially the same 
way, for I had present only just enough ammonia to supply the nitrogen 
of the dimercurammonium. Having prepared from the ammoniated 
nitrite the new double mercuric-ammonium salts, 2HgCl,,NH,Cl and 
2HgBr,,NH,Br, I treated them each with potassium hydroxide, and 
in this way secured the conditions I have mentioned. The interaction 
occurs according to the equation : 


2(2HgCl,,NH,Cl) + 8KOH = 2NHg,01,H,0 + 8KCl + 7H,0, 


as I proved by finding always four-fifths of the chlorine in the mother 
liquor. By using a little less potash, I have sometimes succeeded in 
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getting the salt 2NHg,Br,HgBr,, and, in an impure state, 
2NHg,Cl,HgCl,, which salts, it is evident, can only be written down. 
as dimercurammonium compounds. 


EXPERIMENTAL. 


Dimercurammonium Nitrite.—In order to prepare this salt, mercurous 
nitrite is acted on by water so as to obtain a solution of merecuric- 
mercurous nitrite, which is then changed to one of mercuric-sodium 
nitrite by careful addition of just enough sodium chloride. As in the 
case of silver nitrate and sodium chloride, the end point is hard to hit 
off, and with every care a minute but unimportant quantity of either 
mercurous salt or of chloride must be left in solution. Another and 
better way of preparing mercuric-sodium nitrite solution is to dissolve 
mercurous nitrite in a concentrated solution of sodium nitrite, when 
half the mercury separates as metal ; but with this I only became well 
acquainted too late for use in the work of this paper. Solutions of 
mercuric-sodium nitrite can also be prepared by adding either mercuric 
(Rosenheim) or mercurous nitrate to sodium nitrite solution, but 
these, of course, contain sodium nitrate, which, for this investigation, 
would be an undesirable, although probably inactive, constituent of the 
solution. To the mercuric-sodium nitrite solution, filtered from the 
mercurous chloride, dilute ammonia is gradually added until in slight 
excess. A cream-coloured, flocculent, but somewhat dense precipitate 
is produced, which is washed on a filter by aid of the suction-pump. 
Being slightly decomposed in the steam-oven, it has to be dried over 
sulphuric acid, and as it then collects into compact lumps, these are 
broken up and again exposed in the desiccator in order to facilitate the 
drying. The dry salt is pale yellow. 

Nitrogen was determined by combustion with oxide of copper and 
chromate of lead. Although the analyses of the salt are not sufficient 
to decide the point, there is strong presumption in favour of the salt 
being anhydrous, as there is no guarantee that all moisture was removed 


from the preparations analysed : 
Mercury. Nitrogen, 


2NHg,NO,,H,O requires ........++0000 83°68 5°85 
84:13 5:99 
84°64 6:02 
84°87 5°92 

Found ..ccasccesescosevcopanvagy sss censevecs 85-30 6-00 
85°94 _ 
86-02 — 

NHg,NO, requires ......cccsseeeeeeeeee 86:96 6:08 


When heated in a bulb-tube, the salt decomposes without fusing, 
xx 2 
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giving off nitrous fumes, mercury, and water, and leaving a yellowish 
residue, mostly mercuric oxide. 

Hofmann and Marburg find that ‘ infusible white precipitate’ yields 
the whole of its nitrogen as ammonia when it is heated at 130° for 
half-an-hour or more with a 20 per cent. solution of potassium hydr- 
oxide. I have repeated their experiments and can confirm their 
experience, having obtainéd 5°36 per cent., calculation giving 5°57. 
Dimercurammonium nitrite, however, could not be made to yield more 
than 2°5 per cent. of nitrogen by this treatment, whilst theory requires 
3 per cent. 

New Mercurie Ammonium Chloride and Bromide.—Like other salts 
of its kind, dimercurammonium nitrite dissolves readily in warm 
hydrochloric acid or hydrobromic acid ; nitrous fumes escape, and the 
solution leaves, when evaporated, a white, crystalline mass which 
volatilises slowly, even on the water-bath. It proves to be a new mercury 
and ammonium salt, chloride, or bromide, according to the acid used, 
having the composition shown by the formula 2HgOl,,NH,Cl or 
2HgBr,,NH,Br. The double chloride fuses and sublimes at a gentle 
heat, and is very soluble in water. The double bromide is decomposed 
by water into its constituent salts, and when the sparingly soluble 
mercuric bromide has been dissolved again by stirring it with the 
boiling solution of ammonium bromide, it separates as the solution 
cools in white, nacreous crystals. The presence of free acid seems to 
be necessary for the formation of these double salts, and I have, in 
fact, been able to prepare the double bromide by dissolving the single 
salts in the indicated proportions in presence of hydrobromic acid and 
evaporating the solution, but [ have not succeeded in a similar way in 
getting the double chloride. The double bromide forms prisms and 
tablets, probably triclinic. The results of analyses of the two double 


salts are as follows : 
Mercury. Chlorine. Nitrogen. 


Calc. for 2HgCl,,NH,Cl acatand 67:17 29°81 2°35 
TT is cccthicanonlieinedacs- wine 67°92 29°00 1-96 
SG  dbsbswniweneedeetssendeenne 67°94 29°20 — 

RR hesckccaccesdpeede texas 67°20 29°42 — 

Mercury. Bromine. Nitrogen. 

Cale. for 2HgBr,,NH,Br re 48°90 48°90 1:71 
A lids cishacdnigiainn enews 49°29 48°31 1°66 
EE his. -nevdanoeseuw des cenaeeeue 49°38 47°86 — 
48°65 —_— _ 


Production of Dimercurammonium Chloride and Bromide from the 
above-described Double Salts——When the double chloride is stirred 
with excess of dilute solution of potassium hydroxide, it gives a 
pale yellow precipitate having the composition of, and being apparently 
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identical with, André’s half-hydrated dimercurammonium chloride, 
2NHg,Cl,H,O, according to the results of analysis, which were: 


Mercury. Chlorine. Nitrogen. 
Gi cdi cccnatehctprosecsskinbGubboees 87°25 7°74 3°05 
WEE Ansabanendtedacnesdierteneeinns 87°10 754 2°90 
i Meeneanenedbensssutiodsséadens 87°94 — —_ 
Wi paeuebupsenbecouesteuben steeep 87°06 — _ 


It may be heated to 150° without appreciably losing water. The 
filtrate from this precipitate contains exactly four-fifths of the chlorine 
of the double salt; found: 24°10 and 23°98, instead of 23°85 =4/5 of 
29°81 per cent. 

When treated with excess of potassium hydroxide, the double bromide 
yields a deep red precipitate which has the composition expressed 
by 2NHg,Br,H,0, after drying at 100°. There is left in the filtrate 
39 per cert. of the bromine of the double salt, which is 4/5 of the 
total, 48°9. Analysis of the precipitate gave: 


Mercury. Bromine. Nitrogen. 
CR. sas occepnivencecdstestnssbocrs 79°52 15°91 2°78 
DEE ‘ssssnctibascert eaneseviess 79°82 15°66 2°60 
Sb | Minbar socndwesvasasedesrese 79°97 16°10 2°54 


New Mercuric-ammoniwm Chlorobromide.— When dimercurammonium 
bromide is dissolved in hydrochloric acid and the solution concentrated, 
the double salt, 2HgCl,,NH,Br, is obtained. Dimercurammonium 
bromide is re-obtained quantitatively by mixing this salt in solution 
with excess of dilute potassium hydroxide, all the chlorine, and no 
bromine, remaining in solution. Thus, 22°37 and 23°02 per cent. of 
chlorine were found in solution instead of 22°19, given in the subjoined 
table : 


Mercury. Chlorine. Bromine. Nitrogen. 
CR, saionicoctoene 62°50 22°19 12°50 2°19 
TOU a ccxchenetes 63°01 20°89 12°71 197 
a ° tlheetie 63°5 — — — 
2 papeeeneeeed 62°89 _— — _ 


It is somewhat remarkable that the compound dimercurammonium 
chloride, when dissolved in hydrobromic acid and the solution con- 
centrated, does not yield the bromochloride, 2HgBr,,NH,Cl, but the 
double bromide, 2HgBr,,NH,Br ; in other words, the chlorine is re- 
placed by bromine. This reaction has its analogy in Field’s experiment 
(Trans., 1858, 11, 234). 

Dimercurammonium-mercuric Bromide and Chloride.—By adding 
potassium hydroxide, gradually and not in excess, to a boiling solution 
of the double bromide of mercury and ammonium, I have obtained the 


side te rR eo OT NESE TE CCE CC AECL LL Te suman 
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salt 2NHg,Br,HgBr,, which is, however, not always_easy to get. The 
analyses of three distinct preparations are given below: 


Mercury. Bromine, Nitrogen. 
EA dense dbocee sddindewalioke vebbins 74:19 23°74 2°07 
RE cedeUihise dec caecesthh shines 73°55 24°30 2°35 
REE Aavaderiscevenseabbaieinen 72°65 22°82 — 
DIM. Saw bacvovecsussessbisnedess 73°44 21°99 —_ 


I have not succeeded in getting the corresponding chloride in a pure 
state, but a yellowish-white precipitate, which can hardly be anything 
else but impure dimercurammonium-mercuric chloride, is obtained 
when, to a dilute solution of the mercuric-ammonium chloride, above 
described, potassium hydroxide is very gradually added with care, to 
avoid using it in excess. The calculated percentage composition of 
2NHg,Cl,HgCl, is mercury, 85:5; chlorine, 12:1; and nitrogen, 2°4, 
whilst the mean numbers of some half-dozen fairly concordant analyses 
of as many different preparations of this precipitate are, respectively, 
84'5, 11:3, and 3:0. The same numbers would express the percentage 
composition of the following mixture, which, it will be seen, consists 
mainly of dimercurammonium-mercuric chloride, 2NHg,Cl,gHgCl, + 
4NH,Cl + 3H,0. 


In conclusion, I wish to express most cordial thanks to Professor 
Edward Divers, F.R.S., for some valuable suggestions, which have 
greatly aided me in putting this paper together. 

CHEMICAL LABORATORY, 


PRESIDENCY COLLEGE, 
CALCUTTA. 


LXVII.—Jnfluence of Substitution on the Reactivity of 


the Aromatic m-Diamines. 
By GiLBert Tomas Moraay, D.Se. 


Ir has already been shown in a recent communication (this vol., p. 86) 
that the reactivity of the aromatic m-diamines towards diazonium salts 
may be very considerably modified by the introduction of substituent 
radicles into certain positions in the aromatic nucleus. It was found 
that the symmetrically disubstituted m-diamines furnished only small 
quantities of azo-compounds, whereas their isomerides containing a 
free para-position with respect to an amino-group gave rise to azo- 
derivatives in theoretical quantities. 
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The behaviour of the homologues of m-phenylenediamine on methyl- 
ation has now been investigated, and the results indicate that the 
diminution in reactivity, brought about by the introduction of radicles 
into the para-ortho-positions with respect to the nitrogen atoms, is 
equally noticeable when the diamines are subjected to the action of 
alkylating agents. 

The influence of substitution on the methylation of primary aromatic 
amines has already been studied by Pinnow (Ber., 1897, 30, 3110; 
1899, 32, 1401 ; 1901, 34, 1129), who treated the hydrochlorides or 
hydrobromides of these bases with methyl alcohol at 145—190°. Under 
these conditions, a monoamine in which the two ortho-positions — 
adjacent to the nitrogen atom are both unoccupied yields a mixture of 
tertiary base and quaternary salt. If, however, the amine contains a 
substituent radicle in one of these positions, it gives rise to a dialkyl 
derivative only. It remained uncertain as to whether this rule holds 
for the diamines, for although the methylation of benzidine and the 
three phenylenediamines had been investigated (Pinnow, Joc. cit.), the 
research was not extended to the homologues of these diamines. 

An examination of m-tolylenediamine (2: 4-diaminotoluene) and 
4:6-diamino-m-xylene from this standpoint shows that Pinnow’s 
generalisation may be extended to the m-diamines, the former of these 
bases furnishing a mixture of 2 : 4-tetramethyldiaminotoluene and the 
quaternary hydrochloride or hydrobromide, the latter yielding 4: 6- 
tetramethyldiamino-m-axylene as the sole product. 

A comparative experiment made with m-phenylenediamine led to 
the production of the tertiary base and the quaternary salt together 
with fluorescent, tarry impurities, the alkylation taking place more 
energetically, but less smoothly, than with the homologous diamines. 
Diaminomesitylene, when treated in this manner, remains practically 
unchanged, 

These results indicate that the successive introduction of methyl 
groups into the three positions (X, Y, Z) adjacent to the two nitrogen 
atoms of m-phenylenediamine, 


NH, Y 
xf NH, , 
HY 3 


is attended by a well-marked diminution in the reactivity of the 
diamine towards methyl chloride or bromide, the interaction being 
prevented when the substitution of the three contiguous hydrogen 
atoms is complete (compare E. Fischer and Windaus, Ber., 1900, 38, 
345 and 1967). 

The tertiary diamines obtained in this investigation exhibit a 
gradation in properties similar to that observed in the case of the 
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corresponding primary bases; their reactivity diminishes as the 
homologous series is ascended. .When distilled under diminished 
pressure, these tertiary bases are obtained as almost colourless, oily 
liquids ; tetramethyl-m-phenylenediamine, however, rapidly darkens on 
exposure to light and air, whilst tetramethyl-4 ; 6-diamino-m-xylene 
remains unchanged even after a year. The intermediate homologue, 
tetramethyl-2 : 4-diaminotoluene, becomes darker on keeping, but 
much less rapidly than the first member of the series. 

The two lower homologues readily react with diazo-compounds, and 
the azo-colours obtained by the action of diazotised primulin closely 
resemble those produced from the corresponding primary diamines. 
2: 4-Tetramethyldiaminotoluene readily condenses with p-nitrobenzene- 
diazonium chloride, giving rise to p-nitrobenzene-5-azo-2 : 4-tetramethyl- 
diaminotoluene, 

NMe, 


NO,0,H,;N  NMe,, 
Me 


in theoretical yield, and similar results are obtained with other 
diazonium salts. 4 :6-Tetramethyldiamino-m-xylene does not combine 
with diazotised primulin, and when treated with a solution of p-nitro- 
benzenediazonium chloride containing sodium acetate, it remains 
entirely unchanged. 

This inactivity of the symmetrically disubstituted tertiary diamine 
should be contrasted with the behaviour of 4: 6-diamino-m-xylene 
under similar conditions (this vol., p. 88), for it furnishes additional 
evidence in support of the view that the readily decomposable initial 
product of the action of a diazonium salt on the primary base is an 
unstable diazoamine which subsequently undergoes transformation into 
tarry products and a small amount of azo-compound, 


Me NH-N:NX Me NH, 
: J 
< 2 ‘ole 4 N,X . 
Me NH, Me NH, 


In the present instance, however, where the initial attachment of 
the diazo-residue to one of the nitrogen atoms is rendered impossible 
by the complete alkylation of the amino-radicles, 


Me NMe, 

er. 

Me NMe, 
the production of an o-azo-derivative is altogether prevented. 
This hindrance to the formation of azo-derivatives, due to alkylation, 
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although so strikingly manifested in the case of the preceding tertiary 
diamine, does not obtain among the tertiary amines containing a free 
para-position with respect to nitrogen. As already indicated, 2:4- 
tetramethyldiaminotoluene yields azo-compounds quite as readily as 
2 : 4-tolylenediamine itself, in this respect resembling dimethylaniline, 
which is employed in the production of several well-known azo- 
colouring matters. 

The difference in reactivity between 2 : 4-tetramethyldiaminotoluene 
and 4 : 6-tetramethyldiamino-m-xylene is also demonstrated by their 
behaviour towards formaldehyde. The lower homologue readily 
interacts with this reagent, yielding 2: 4 : 2’ : 4’-octamethyltetraminodi- 
tolyl-5 : 5'-methane, 


Me \ Me 
oo FT . 
NMe,< y CH, pe Pains @ 


NMe, NMe, 


The disubstituted tertiary diamine, on the contrary, is not affected by 
formaldehyde, even when the experiment is carried out under pressure 
at high temperatures in the presence of excess of acetic anhydride. 


EXPERIMENTAL. 
Methylation of m-Tolylenediamine. 


m-Tolylenediamine hydrobromide and an excess of alcohol (6—7 mols.) 
were heated in sealed tubes at 180° until the product on cooling no 
longer deposited a crystalline hydrobromide, this result being usually 
obtained in 8 to 10 hours. The pressure was released after 4 hours’ 
heating in order to prevent the tubes from bursting. The product, 
after being heated on the water-bath to remove the unaltered methyl 
alcohol, was treated with excess of potassium hydroxide solution, the 
oil which separated being extracted with ether. The liquid of high 
boiling point remaining after the removal of the ether distilled at 
254—259° under 757 mm. pressure, the greater portion boiling between 
255° and 256°. 

2: 4-Tetramethyldiaminotoluene, thus obtained as a pale brownish- 
yellow oil, was further purified by repeated distillation under reduced 
pressure and finally boiled at 148—150° under 24—26 mm. pressure ; 
it has a sp. gr. 0'9661 at 24° and does not solidify at — 10°. 

The platinichloride, C,,H,,N.,H,PtCl,, separates from aqueous solu- 
tions in stellar aggregates of slender, transparent, yellow prisms ; it 
rapidly darkens when left in contact with the mother liquor, and is 
decomposed by boiling water, evolving formaldehyde and yielding a 
dark red solution. The salt when dried at 80—90° gave the following 
numbers on analysis : 
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0'2542 gave 0:0840 Pt. Pt=33°04, 
O,,H,)N,Cl,Pt requires Pt = 33°16 per cent. 


The picrate crystallises from ethyl acetate in hard, transparent, 
yellow prisms, and melts at 162—163°; it is formed by the union of 
picric acid and the diamine in molecular proportion : 


0'1479 gave 22°4 c.c. moist nitrogen at 16°and 760 mm, N =17°66. 
C,,H,,0,N, requires N =17:20 per cent. 


The methobromide, NMe,*C,H,Me*NMe,Br.—The solution of potass- 
ium hydroxide employed in liberating the tertiary base assumed a 
dark brown colour, and when saturated with the solid reagent yielded 
a heavy brown oil which rapidly solidified to a mass of brown, acicular 
crystals. This substance, which contained bromine, was identified as 
the quaternary bromide by conversion into the corresponding chloride 
and subsequent formation of the platinichloride. A solution of the 
bromide was triturated with moist silver oxide and filtered, the filtrate 
being then treated with hydrochloric acid and platinic chloride. 

The platinichloride, NMe,*C,H,Me-NMe,,HPtCl,, which separates 
out may be crystallised from hot water without decomposition ; it is 
deposited on cooling in transparent, brownish-yellow prisms and is 
far more stable than the corresponding salt of the tertiary base : 


0°2269 gave 0:0736 Pt. Pt=32°43. 
01861 ,, 0:0603 Pt. Pt=32-40. 
C,,H,.N,Cl,Pt requires Pt = 32°39 per cent. 


The remainder of the methobromide was converted into the tertiary 
diamine either by heating with ammonia under pressure (Pinnow, /oc. 
cit.), or by treating the quaternary salt with moist silver oxide and 
evaporating down the filtered solution of the quaternary ammonium 
hydroxide. 

The methylation follows the same course when m-tolylenediamine 
hydrochloride is employed, the product in this case being a mixture 
of the tertiary base with the methochloride, 


Methylation of 4 : 6-Diamino-m-aylene. 


A mixture of 4:6-diamino-m-xylene hydrochloride and excess of 
methyl alcohol was heated in sealed tubes at 180° until it remained 
viscid on cooling ; the product, after being heated on the water-bath 
to remove excess of methyl alcohol, was rendered alkaline with strong 
potassium hydroxide solution and extracted with ether. The ethereal 
extract, when dried over potassium hydroxide, and subsequently dis- 
tilled, yields an oily base boiling at 243—-245° under 757 mm. pressure, 
4: 6-Tetramethyldiamino-m-xylene, a pale brownish-yellow oil boiling 
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at 124—125° under 12 mm. pressure, remains liquid at — 10° and has a 
sp. gr. 0°9434 at 18°; it does not darken perceptibly when kept for 
12 months in diffused light. 

The platinichloride, C,H,Me,(NMe,).,H,PtCl,, separates from an 
aqueous solution of its generators in transparent, orange-yellow, acicular 
prisms ; it is moderately soluble in water, melts indefinitely above 200°, 
and is far more stable than the corresponding sait of 2 : 4-tetramethyl- 
diaminotoluene ; it may be crystallised from hot water without decom- 
position, and separates in reddish-orange needles often more than an 
inch in length : 


0:2682 gave 00861 Pt. Pt=32°10. 
C,,H,.N,Cl,Pt requires Pt = 32°39 per cent. 


The picrate, C,H,Me,(NMe,),,C;H,(NO,),"OH, obtained by mixing 
together alcoholic solutions of its generators, crystallises from ethyl 
acetate in hard, transparent, yellow, rhombic prisms, sparingly soluble 
in the alcohols, but dissolving more readily in acetone; when rapidly 
heated, it melts at 202—203°, but slowly decomposes when maintained 
at 193—195°: 


0:22 gave 30°5 c.c. moist nitrogen at 14° and 756 mm. N=16'22. 
C,,H,,0,N, requires N = 16°62 per cent. 


4:6-Tetramethyldiamino-1 : 3-xylene is produced with equal readi- 
ness from 4 : 6-diamino-m-xylene hydrobromide and methyl alcohol, the 
tertiary base being the sole product whether the hydrochloride or the 
hydrobromide is employed. 

Diaminomesitylene hydrochloride, when heated with methyl alcohol, 
does not undergo methylation, the greater part of the primary diamine 
being recovered on working up the product. 

In preparing this diamine from dinitromesitylene (m. p. 86°) by the 
action of iron filings and water acidified with hydrochloric acid, it was 
found that only one of the nitro-groups became involved in the 
reduction, so that nitromesidine crystallised out from the filtered 
solution in golden-yellow needles melting at 70°. The complete reduc- 
tion was accomplished by means of excess of tin and hot hydrochloric 
acid, but even with this reagent the action was very slow. 

Comparative experiments made on the methylation of m-phenylene- 
diamine showed that the action is less under control than in the case 
of the homologous diamines, the production of the tertiary base and 
quaternary salt being attended by the formation of fluorescent, tarry 
impurities. 

The tertiary base, tetramethyl-m-phenylenediamine, after treatment 
With acetic anhydride to remove any secondary amines, was purified 
by repeated rectification under reduced pressure, and finally ob- 
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tained as a brownish-yellow oil rapidly darkening on exposure, 
boiling at 151—157° under 26 mm. pressure, and having a sp. gr. 
0°9934 at 27° (compare Romburgh, Rev. Trav. Chim., 1888, '7, 3; 
Wurster and Morley, Ber., 1879, 12, 1814). 


Tertiary w-Diamines and Diazonium Salts. 


When a piece of cotton cloth impregnated with diazotised primulin 
is introduced into an aqueous solution of tetramethyl-m-phenylene- 
diamine or its tolylene homologue, a brownish-red azo-colouring matter 
is developed on the fibre, the colour of which closely resembles that 
obtained by the use of the corresponding unalkylated m-diamine. 
4: 6-Tetramethyldiamino-m-xylene, on the other hand, does not com- 
bine with this diazo-compound. 

p-Nitrobenzene-5-azo-2 : 4-tetramethyldiaminotoluene.— A solution of 
p-nitrobenzenediazonium chloride, when added to 2: 4-tetramethyl- 
diaminotoluene dissolved in cold dilute hydrochloric acid, produced a 
dark-red precipitate the formation of which was completed by the 
addition of excess of sodium acetate. This insoluble product was 
crystallised from alcohol, separating from its solutions in dark-green 
leaflets with a bronze lustre ; the yield was quantitative. 

p-Nitrobenzene-5-azo-2 : 4-tetramethyldiaminotoluene is sparingly 
soluble in cold alcohol, dissolving more readily in ethyl acetate and 
crystallising from this solvent in leaflets melting at 126—127°. Its 
solutions in the organic solvents have a deep purple colour and the 
azo-compound dissolves in cold concentrated sulphuric acid to an intense 
brownish-red solution : 


01808 gave 33:4 c.c. moist nitrogen at 15° and 756 mm. N=21°52. 
C,,H,,0,.N, requires N = 21-41 per cent. 


The hydrochloride and platinichloride are red precipitates, the nitrate 
crystallises from alcohol in deep red leaflets, the picrate separates from 
the same solvent in red needles. 


When the preceding experiment was repeated with 4 : 6-tetramethyl- 
diamino-m-xylene, the introduction of the p-nitrobenzenediazonium 
chloride produced no effect on the solution of the tertiary diamine. 
After remaining for 24 hours, the mixture deposited a tarry pro- 
duct, due to the gradual decomposition of the diazonium base set free by 
the sodium acetate, but the filtered solution still contained the un- 
altered diamine. This base was completely recovered by treating the 
solution with excess of potassium hydroxide and extracting with ether, 
being precipitated in the form of its picrate by the addition of an 
alcoholic solution of picric acid to the ethereal extract. The yield of 
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recrystallised picrate obtained in this operation was 90 per cent. of 
the theoretical. 


Tertiary m-Diamines and Formaldehyde. 


Six grams of 2 : 4-tetramethyldiaminotoluene dissolved in 20 grams 
of acetic anhydride were treated with 2 c.c. of 40 per cent. formalde- 
r hyde solution and allowed to remain for 20 hours ; the mixture was 
then heated to boiling, subsequently cooled, and rendered alkaline with 
excess of ammonia. The oily product which first separated rapidly 
solidified, and, after drying on a porous tile, was crystallised from 
ethyl acetate or alcohol. 

2:4:2': 4’-Octamethyltetraminoditolyl-5 : 5'-methane separates in well- 
defined, transparent, colourless prisms, either obliquely truncated or 
terminated by pyramids ; the crystals often exhibit external twinning 
and melt at 86°: 


01473 gave 0°4037_CO, and 0°1322 H,O. C=74:74; H=9:97. 
01833 ,, 24°6 c.c. moist nitrogen at 18° and 764mm. N=15°58. 
C.,HggN, requires C=75-°00 ; H=9°78; N=15-21 per cent. 


{ The tetramine is readily soluble in most organic solvents with the 
exception of light petroleum ; it dissolves in dilute aqueous solutions 
of the mineral acids, and yields a colouring matter of the acridine 
series when heated with hydrochloric acid at 150°. It is not an 
analogue of the leuco-base of malachite-green, for it does not give 
rise to a colouring matter of this type when oxidised with lead peroxide 
and acetic acid. 

The picrate separates from ethyl acetate in spherical aggregates of 
hard, transparent, yellow crystals and melts at 147—148°. 


} 4: 6-Tetramethyldiamino-m-xylene, when dissolved in acetic anhy- 
dride and treated with formaldehyde solution, remains unaltered even 
when an excess of the reagents is employed in sealed tubes at 150—170° ; 
the unchanged base recovered from the mixture boils at 243—248° 
: (corr. 245°), and yields the characteristic picrate (m. p. 202—203°). 


Roya, CoLLEGE oF ScrIENCE, LonDON. 
South Kensineron, 8. W. 


658 HENDERSON AND PRENTICE: THE SPECIFIC ROTATIONS OF 


LXVIII.—The Influence of Certain Acidic Oxides on the , 
Specific Rotations of Lactic Acid and Potassium | 
Lactate. 


By Grorce GeraLp Henperson and Davip-Prenticez, Ph.D. 


In the course of an investigation of the compounds produced by the 
action of certain acidic oxides on metallic salts of hydroxy-acids in 
aqueous solution, which has formed the subject of previous communi- 
cations to the Society (Trans., 1895, 67,102 and 1030; 1896, 69, 
1451; 1899, '75, 542), we endeavoured to prepare arsenio- and antimonio- 
lactates by dissolving arsenious and antimonious oxides respectively in 
hot aqueous solutions of various metallic lactates, but did not succeed 
in isolating any definite compounds, although it was found that the 
solutions were capable of dissolving considerable quantities of the 
former oxide. Similar experiments with other acidic oxides were 
equally unsuccessful, except in one instance, where a crystalline potass- 
ium molybdilactate, MoO,(C,H,O,K),, was obtained. It was unfor- 
tunate that no other derivatives of lactic acid could be prepared in a 
sufficiently pure form to justify us in assigning formule to them, 
because, as that was the only hydroxy-acid used in our experiments 
which contained one alcoholic hydroxyl and one carboxyl group, the 
determination of the composition of its derivatives was of importance 
with regard to the bearing of the results on our general conclusions 
concerning the constitution of the “ tartar emetic ” class of derivatives 
of the other hydroxy-acids (malic, tartaric, citric, and mucic) which 
came within the scope of the research. However, another method of 
investigation is available in the case of optically active acids, by means 
of which it is possible to draw conclusions regarding the composition 
of derivatives formed in solution, even although these cannot be 
obtained in a form suitable for analysis. 

It is well known that the dissolution of such optically inactive com- 
pounds as boric acid or antimonious oxide in solutions of the optically 
active modifications of malic and tartaric acids, or of their salts, pro- 
duces more or less marked alterations in the specific rotations of the 
solutions. There can be no doubt that these alterations are due to 
the formation of new optically active compounds by interaction of the 
inactive oxides and the active acids, because in many instances the 
substances of which the existence is indicated by the rotations of their 
solutions can be obtained in the solid state. This is true, for example, 
of many boro-, arsenio-, and antimonio-tartrates. Moreover, Rosenheim 
and Itzig (Ber., 1900, 33, 707) have recently confirmed in this way 
the existence in aqueous solution of the alkali molybditartrates of the 
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type MoO,(C,H,0,M’),, which were prepared by one of us some time 
ago, and Itzig (Ber., 1901, 34, 1391) has found that the maximum 
rotation of a solution of molybdenum trioxide in aqueous ammonium 
hydrogen malate is obtained when the substances are present in the 
proportions necessary for the formation of the salt MoO,(C,H,0,*NH,),, 
which was formerly isolated and described by one of us. Therefore, 
with the hope of gaining the desired information by this method, we 
have begun to examine the influence of various acidic oxides on the 
rotations of solutions of optically active lactic acid and its potassium 
salt. The present paper contains the results of the experiments with 
arsenious, antimonious, and boric oxides, 

Any compound formed by the interaction of one of these oxides and 
a metallic lactate would probably be of the type CH,-CHO(RO)-CO,M’ 
(Trans. 1899, '75, loc. cit.). No such compound is yielded by anti- 
monious oxide, which was found to be almost insoluble in hot solu- 
tions of potassium lactate. Arsenious oxide, on the contrary, is very 
readily dissolved by hot aqueous potassium lactate, and as the quantity 
of oxide in the solution is increased, the rotation becomes greater and 
reaches a maximum when the solution contains 1 mol. As,O, to 4 mols, 
C,H,0,K, that is, when the substances are present in the proportion 
requisite for the formation of an arseniolactate of potassium of the 
formula CH,*CHO(AsO)-CO,K. It is true that the change produced 
in the rotation of the solution of potassium lactate by dissolving 
arsenious oxide in it is not great, but then, on the other hand, the 
oxide is dissolved in much greater quantity than by water, and on the 
whole the conclusion seems justified that the solution contains a new 
compound. When boric acid is dissolved in a solution of potassium 
lactate, a marked change in the rotation is produced. If increasing 
quantities are added to a solution of the dextrorotatory salt, the 
rotation diminishes, until finally, when the boric acid and the salt are 

present in the quantities required for the formation of a borolactate 
of potassium of the formula CH,*CHO(Bo)-CO,K, the solution is 
almost equally strongly levorotatory. At first sight, the change in the 
rotation would appear to be due simply to the liberation of lactic acid, 
but then the rotation of the solution is much greater than one of lactic 
acid of equivalent strength, and, moreover, boric acid has also a marked 
effect on the rotation of a solution of lactic acid. It is probable 
therefore that borolactic acid or its potassium salt is formed when boric 
acid is dissolved in a solution of lactic acid or potassium lactate. 

For the preparation of d- and J/-lactic acids, we adopted Purdie’s 
Process for the resolution of the inactive acid, namely, crystallisation 
of the double zine ammonium salts (Purdie, Trans., 1893, 63, 1142; 
- Purdie and Walker, Trans., 1895, 67, 616). The process, although 
necessarily somewhat tedious, gave excellent results in the hands of 
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several workers when the requisite precautions were strictly observed, 
and our work was much lightened by Professor Purdie’s kindness in 
providing us with specimens of the pure active zinc ammonium salts 
for starting the crystallisations, and in giving many useful hints on 
details of procedure. In addition to the method prescribed by Purdie 
for preparing the active acids from their pure zinc salts (conversion of 
the zinc into the calcium salt, decomposition of the latter with the 
calculated quantity of sulphuric acid, and extraction of the lactic acid 
with ether), we employed the following process. A solution of the 
pure zinc salt was saturated with hydrogen sulphide, the precipitated 
zinc sulphide removed by filtration, and the filtrate concentrated at 
the ordinary temperature in a vacuum desiccator containing sticks of 
caustic soda until all the sulphuretted hydrogen had disappeared, 
which required about forty-eight hours. The solution was finally 
evaporated to a small bulk on the water-bath and filtered. Judging by 
its rotation, the acid thus prepared was quite as pure as that obtained 
by the other process. 

The solutions of which the rotations were to be examined were all 
prepared in practically the same way. For convenience, the solutions 
of lactic acid and potassium lactate were made up of normal and semi- 
normal strength. The required quantity of the solution of the lactate 
was measured into a small flask, the calculated weight of the oxide 
added, and the liquid kept boiling gently for about an hour. The 
solution and the washings of the flask were then transferred to a 
graduated flask, if necessary through a small filter, and the liquid 
made up to the mark. All the polarimetric observations were made 
at the same temperature, 20°. The length of the tube of the polarimeter 
was 200 mm. 


Experiments with Antimonious Oxide. 


The experiments with antimonious oxide showed that no antimonio- 
lactate is formed, at least under the conditions observed. Antimonious 
oxide was found to be almost insoluble in solutions of potassium 
lactate, even after prolonged boiling; thus, for example, 25 c.c. of a 
normal solution of the salt dissolved only 2°5 mg. of oxide, and the 
same quantity of a semi-normal solution only 3 mg. The rotations 
of the solutions were practically unaffected by the presence of a trace 
of the oxide. 


Experiments with Arsenious Oxide. 


In the first set of experiments we used a semi-normal solution of 
potassium lactate (c= 6:405), from which solutions containing arsenious 
oxide in the proportions of } mol., $ mol., } mol., and 1 mol. As,O, 
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respectively to 1 mol. C,H,O,K were prepared in the way already 
described. The solution was found to be saturated with arsenious 
oxide when the latter was present in the proportion of 1 mol. of oxide 
to 4 mols. of lactate, for although a still larger quantity was soluble 
in the hot liquid, the excess separated in the crystalline state as the 
liquid cooled.* The saturated solution contains the stibstances in the 
proportion necessary for the formation of potassium arsenio-lactate, 
(AsO)C,H,0,K, and the maximum rotation was found at this point. 
However, as will be seen from the following figures,t no very marked 
change was produced in the rotation of the lactate, which is given for 
comparison : 


Weight of Molecular pro- 

C,H;0;K in Weight of portions of a”, [a]. 
25 c.c. of As,O, added. | C,H;0,K and - . 
solution. As,0,. 

1°6013 ao _ +1°35° +10°54° 
“ 03094 4:4 1°405 9°19 
a 0°6188 4:4 1°42 7°99 
te 0°9282 4:4 1°44 711 
- 1°2375 4:1 | 1°47 6°47 


Two other sets of observations were made with solutions of different 
strength. In the first, in which a normal solution of potassium lactate 
(c=12°81) was used, readings of the rotation were only taken up to 
the point at which # mol. As,O, was present for each 4 mols. C,H,O,K, 
because although the solution was capable of dissolving larger quanti- 
ties when hot, part of the oxide always crystallised out on cooling. 
At this point, the rotation of the solution had increased from +2’58° 
to +2°77°. In the last series of observations, the strength of the 
lactate solution was one-fourth normal (c=3°2025). In this case, it 
was found that, although larger quantities were dissolved on heating, 
the maximum quantity of arsenious oxide which was permanently 
retained in solution corresponded with that necessary for the formation 
of the compound (AsO)O,H,O,K. At this point, the rotation had 
increased from +0°65° to +0°72° ([a]?” +6°33°). 

For purposes of comparison, observations were also made of the 
rotations of solutions of arsenious oxide in semi-normal lactic acid 
(c=4°5), As will be seen from the following figures, the effect of the 


* In some cases, the excess of arsenious oxide did not separate until the liquid had 
been kept for several days at the ordinary temperature. 

T Some of the experiments were made with d-, others with J-lactic acid, or their 
salts, but for simplicity the results have been stated as if /-lactic acid, or potassium 
i-lactate, had been used in each case. 
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presence of the arsenious oxide was slightly to diminish the rotation 
of the solution : 


Sein 


Weight of Molecular pro- 
C,H,0, in Weight of portions of a2” [a }2% 
25 c.c. of As,0O, added. | C,H,O, and sit bl 
solution. As,Oz. 
1°125 _ - — 0°187° ~2-01° 
»” 0°6188 4:4 0°08 0°57 
” 1°2375 4:1 0°07 0°37 


Experiments with Borie Acid. 


For the experiments with boric acid, a normal solution (c=12°81) 
of potassium lactate was employed. The addition of boric acid, in the 
quantities given in the following table, produced marked changes ir 
the rotation of the solution, which reached a maximum when the 
boric acid and lactate were present in the proportion (1 mol. : 1 mol.) 
necessary for the formation of potassium borolactate (BO)C,H,0,K. 
At this point, at which the solution was saturated with boric acid, the 
solution, which was originally dextrorotatory, had become levo- 
rotatory : 


Weight of Molecular pro- 
C,H,;0,K in Weight of portions of aw” [a], 
25 c.c. of B(OH), added. | C,H,0,K and >" m 
solution. B(OH);. 
3°2025 — —- +2°58° +10°05° 
_ 0°3875 1:4 +1°54 +5'36 
ie 0°7750 1:4 +0°473 +1°48 
- 1°1625 1:3 ~0°27 -0°77 
” 1°5500 131 —1°'076 — 2°83 
. 2 { 
It might appear that these changes were due to the liberation of 
lactic acid. In order to determine this, the observations on p. 663 | 


were made on the effect of boric acid on the rotation of a normal 
solution of lactic acid (c= 9-0). 
' At this point, the solution was saturated with boric acid. Another 
reading was therefore taken with a semi-normal solution of lactic acid, 
which contained, in 25 c.c., 1125 grams C,H,O, and 0°7750 gram 
B(OH), (1 mol. : 2 mols.). The specific rotation was found to be — 2°87°. 
The examination of the effect of molybdie, tungstic, and other acidic 
oxides on the rotations of lactic acid and potassium lactate is at present 
in progress. ‘ 
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Weight of ) Molecular pro- 
C3H,0, in Weight of portions of 20° . 
25 c.c. of | B(OH), added. | C,H,0, and “> tal” 
solution: B(OH)s. 
2°25 — -- | —0°34° —1°88° 
9 0°3875 1:3 0°73 3°46 
on 0°7750 1:4 0-92 3°80 
i 1°1625 1:3 | 1°07 3°92 


We take this opportunity of expressing our thanks to Mr. James 
Prentice for much assistance given in the course of this work, 
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LXIX.—Ozxonium Salts of Fluoran and its Derwatwes. 
By J. T. Hewitt axp J. N. Terver. 


Two years ago (Proc., 1900, 16, 3, and Zeit. physikal. Chem., 1900, 3A, 1), 
one of the authors of the present communication proposed a theory 
connecting the fluorescence of certain organic compounds with their 
constitution. Briefly stated, this was as follows, If a substance can 
be converted into a tautomeric modification of greater free energy by 
two equal displacements in opposite directions, the molecules will 
vibrate between the two extreme positions, and radiant energy of a 
particular wave-length taken up by the molecules will be emitted with 
a different wave-length, It was shown that generally the fluorescent 
dye-stuffs conformed to this type of constitution ; the molecules of 
fluorescein in solution may be compared with a pendulum swinging 
between two extreme positions : 


O O O 
0:/ YY ow HOY 4: fe ox nC”. 
WA EAA SE MY 


O,H,¢ 


0.H <>o OH 
*\co-0H hie ’ 


CO 


The parent substance of fluorescein, namely, fluoran (R. Meyer, 
Ber., 1891, 24, 1412 ; 1892, 25, 1385), or phenolphthalein anhydride 
YY¥2 
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(Baeyer, Annalen, 1882, 212, 349), is colourless, and gives colourless 
non-fluorescent solutions in neutral solvents. 

If, however, it be dissolved in concentrated sulphuric acid, a yellow 
solution exhibiting a brilliant green fluorescence is produced, and to 
explain this phenomenon, the formation of salts containing quadrivalent 
oxygen was assumed : 


S0,H H 80H S0,H 
Ss *\ F 2 

( \Z Fin 1) ( ie he 
—— | =~. | => ice 

VY Sa \ ) — AY 

O,H, OH SO OH 
ie No **\co-0H 


A similar assumption made in the case of xanthhydrol and allied 
compounds has been abundantly confirmed (Werner, Ber., 1901, 34, 
3300 ; Hewitt, Ber., 1901, 34, 3819). The existence of salts derived 
from fluoran has, however, been regarded with suspicion in R. Meyer’s 
Jahrbuch der Chemie (1901, 10, 438). This is, perhaps, the more 
surprising, seeing that Nietzki and Schréter (Ber., 1895, 28, 56) 
obtained a yellow additive product from the lactonic diethyl ether of 
fluorescein (that is, diethoxyfluoran), to which, however, they assigned 
the constitution : 


| | 
ae 


C,H,*CO-0H 


To settle the question, attempts have been made to isolate salts 
of fluoran and its derivatives with strong mineral acids, and the 
results obtained are here communicated. 

Fluoran Nitrate, C,,H,,0,,;HNO,..—Fluoran was warmed with excess 
of a mixture of colourless nitric acid (sp. gr. 1°36) and acetic anhydride. 
The substance went into solution with a yellow colour ; on cooling, 
small, pale yellow crystals were deposited. The excess of acid was de- 
canted, and the crystals dried on porous earthenware over sulphuric acid. 

For analysis, the substance was decomposed by water, the fluoran 
collected, and dried until the weight was constant. The loss in weight 
represents the nitric acid with which the fluoran had combined : 


0-1292 lost 0:0226 HNO, HNO,=17-49. 
C,,H,,0,,HNO, requires HNO, = 17°36 per cent. 


O 
Cl 
Pm al pe \Z\NoEkt 
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Fluoran Sulphate, C,)H,,0,,H,SO,.—Fluoran dissolved when ground 
up with a mixture of strong sulphuric and glacial acetic acids, Careful 
addition of water produced a yellow precipitate, which was dried on 
porous earthenware : 


0'3677 gave 0:2060 BaSO,. SO,=23°17. 
C,,H,,0,,H,SO, requires SO, = 24°12 per cent.* 


We were unable to isolate a hydrochloride of fluoran. 

Dimethylfluoran Nitrate, C,.H,,0,,HNO,—Dimethylfluoran has 
already been described by Drewsen (Annalen, 1882, 212, 340). We 
prepared the material for our experiments by his method from p-cresol, 
phthalic anhydride, and sulphuric acid. The nitrate was obtained by 
finely grinding the substance with a mixture of nitric acid and acetic 
anhydride, and drying on porous earthenware. From a hot solution 
in a mixture of acetic anhydride and nitric acid, the substance separates 
in small, well-formed, yellow prisms, terminated obliquely and fre- 
quently twinned : 


0'2628, on washing, lost 0°0407 HNO,. HNO,=15°45. 
C,.H,,0,,HNO, requires HNO, = 16-11 per cent. 


Dimethylfluoran Sulphate, C,.H,,0,,H,SO,.—This salt was prepared 
analogously to the fluoran sulphate. It forms a yellow, crystalline 
powder consisting of minute, short prisms : 


0'3463 gave 0°1679 BaSO,. SO,=19°83. 
C,.H,,0,,H,SO, requires SO, = 22°53 per cent. 


Dimethylfluoran Disulphate, C,.H,,0,,2H,SO,, was obtained when 
dimethylfiuoran and acetic acid were ground to a paste, concentrated 
sulphuric acid added, and the salt allowed to separate without the 
aldition of water : 


0°3670 gave 0°3286 BaSO,. SO,= 36°89. 
03850 ,, 0°3257 BaSO,. SO,=34°86. 
C,.H,,0;,2H,SO, requires SO, = 36°64 per cent. 


Attempts to prepare a hydrochloride failed, although dimethylfluoran 
assumes a yellow colour when treated with concentrated hydrochloric 
acid, 

Fluorescein Hydrochloride, C.9H,,0;,HCl.—Fluorescein was ground 
to a paste with cold acetic anhydride and then exposed to a current of 
dry hydrogen chloride until all excess of acetic anhydride was removed. 
An orange powder was obtained. For analysis, the substance was 
dissolved in hot sodium carbonate solution, the fluorescein precipitated 


‘A Considering the unstable nature of the compounds produced, it is not surprising 
that in certain cases the analyses have only given approximate results, 
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by dilute nitric acid, and, after removal of the fluorescein, the chlorine 
estimated gravimetrically in the filtrate : 


0°0900 gave 0:0326 AgCl. HCl=9-21. 
C,,H,,0,,HCl requires HCl=9'16 per cent. 


Fluorescein Sulphate, C,,H,,0,,H,80,—Fluorescein heated with 
sulphuric acid at 100° furnishes a substance to which the formula 
C,,H,,0,,80, has been assigned by Baeyer (Annalen, 1876, 183, 27), 
The fact that the substance so obtained is immediately decomposed by 
water into fluorescein and sulphuric acid would suggest that the 
substance was a sulphate. Fluorescein, we find, gives a disulphate, 
Co 9H,,0,,2H,SO,, when treated in the cold with a mixture of acetic 
and strong sulphuric acids, On addition of water (in small quantities) 
to the mixture of fluorescein und the acetic and sulphuric acids, a 
yellow powder was obtained : 


0°3858 gave 0'2044 BaSO,. SO,= 22-05. 
C,)H,,0,,H,SO, requires SO, = 22°33 per cent. 
Fluorescein Disulphate, C.,H,,0;,2H,SO,, forms microscopic, light 
yellow prisms ; 
0°2740 gave 0°2315 BaSO,. SO,=34°81. 
03444 ,, 0°2882 BaSO,. SO,=34-48. 
C,,H,,0,,2H,SO, requires SO, = 36°36 per cent, 


Part of the expense incurred in carrying out these experiments was 
defrayed by a grant received from the Government Grant Committee 
of the Royal Society. 
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LXX.—Action of Hydrogen Perogide on Carbohydrates 
in the Presence of Ferrous Sulphate. III. 


By Ropert Sersy Morrett and James Murray Crorts. 


Tue specific action of hydrogen peroxide in the presence of ferrous 
sulphate was first demonstrated by Fenton in the oxidation of tartaric 
acid to dihydroxymaleic acid (Trans., 1894, 65, 899), and later in the 
oxidation of polyhydric alcohols to aldoses (Fenton and Jackson, Trans., 
1899,75,1). Cross, Bevan, and Smith (Trans., 1898,'73, 500) have investi- 
gated the action of these two reagents on dextrose, and found that in 
addition to tartronic acid a substance was formed which gave an im- 
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mediate precipitate with phenylhydrazine acetate, but they were unable 
to decide the nature of the substance. In communication with these 
authors, we have continued the investigation, and have shown that 
dextrose, lwvulose, arabinose, and rhamnose are transformed by this 
peculiar action of hydrogen peroxide in the presence of ferrous sulphate 
into osones, which were recognised by their power to react with sub- 
stituted hydrazines at the ordinary temperature, ‘yielding osazones 
(Trans., 1899, '75, 787 ; 1900, ‘77, 1219). 

Mannose and galactose on oxidation would be expected to yield 
osones. In the case of mannose, an osone is formed giving, with 
phenylhydrazine, phenylglucosazone, but galactose behaves differently, 
and we are unable as yet to determine to what extent this sugar is 
oxidised by hydrogen peroxide in the presence of ferrous sulphate. 

Fischer (Ber., 1894, 2'7, 2031) states that galactose and d-talose are 
acted on by ferments with greater difficulty than dextrose and mannose, 
and in explanation of this difference he refers to the arrangement of 
the CH-OH groups, which in galactose and d-talose is very unlike that 
in dextrose and mannose. We consider that the internal compensating 
positions of the hydrogen atoms and hydroxyl groups may account for 
galactose behaving differently from other hexoses when oxidised by 
hydrogen peroxide in the presence of ferrous sulphate. We have 
attempted the preparation of glucosone from dextrose and levulose, and 
have obtained a white, amorphous solid which gave analytical numbers 
agreeing with those required for the formula C,H,,0, or C,H,,0, ; it is 
not easy to decide between the two formule from the percentages 
of carbon and hydrogen. The white solid reacted immediately with 
phenylhydrazine acetate at the ordinary temperature and gave a good 
yield of phenylglucosazone. From its optical activity, we are led to 
the conclusion that it was contaminated with a small quantity of the 
parent carbohydrate, since the osone obtained from dextrose was 
slightly dextrorotatory, whilst the osone from levulose had a levo- 
rotatory power less than that of levulose. Glucosone, obtained from 
phenylglucosazone by E. Fischer, is feebly levorotatory (Ber., 1889, 
22, 89). 

We have fermented solutions of glucosone from dextrose and 
levulose and found that at the end of the fermentation the solution 
was slightly levorotatory and still reacted immediately with phenyl- 
hydrazine acetate. 

In order to test further the truth of the statement that osones are 
formed when carbohydrates are oxidised under the conditions given 
above, we have tried the action of bromine on aqueous solutions of 
glucosone obtained from dextrose and levulose and have obtained good 
yields of salts of an acid which is not gluconic acid, but trihydr- 
oxybutyric acid identical with that obtained from erythritol by oxidation 
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with nitric acid (Lamparter, Annalen, 1865, 134, 260), or from d-ery- 
throse by the action of bromine (Ruff, Ber., 1899, 32, 3678). The barium 
and calcium salts of d-erythronic acid, obtained from dextrose or 
levulose, have been reduced with hydriodic acid and phosphorus, and 
gave n-butyric acid which was easily identified by means of its silver 
salt. It has not been shown, so far as we know, that trihydroxybutyric 
acid is an oxidation product of dextrose, although Iwig and Hecht 
(Ber., 1886, 19, 169) have obtained a trihydroxybutyric acid in small 
quantities from mannitol by oxidation with potassium permanganate. 
Trihydroxybutyric acid has also been obtained from levulose by the 
action of mercuric oxide and baryta, or by the action of bromine 
(Bornstein and Herzfeld, Ber., 1886, 18, 3354; Herzfeld, Annalen, 
1888, 244, 291; Ruff, Ber., 1899, 32, 3680). Ruff states that the 
yield of trihydroxybutyric acid obtained from levulose is exceedingly 
small, but he was able to prepare a brucine salt of this acid which was 
identical with the brucine salt of d-erythronic acid. We have found 
that the amount of calcium trihydroxybutyrate obtained from levulose 
by the direct action of bromine was not more than 1 per cent. of the 
weight of the levulose taken. The transformation of dextrose and 
izvulose into glucosone, trihydroxybutyric acid (d-erythronic acid), and 
into n-butyric acid can be expressed in the following manner : 


CHO CH,OH CHO 

H-OH CO CO 

H-OH CH-OH OH-OH ¢0-0H 00-0H 

HOH “ CH-OH ~* QH-OH ~* CH-OH ~* CH, 

H-OH CH-OH CH-OH CH-OH a 

H,-OH CH,*OH CH,-OH CH,:OH H, 

Dextrose. Levulose. Glucosone. d-Erythronic n-Butyric 
acid. acid. 


We are engaged on the further investigation of the properties of 
osones obtained by the action of hydrogen peroxide on carbohydrates 
in the presence of ferrous salts, and hope to communicate at an early 
date the results of the action of bromine on a solution of rhamnosone 
which would point to the formation of a methylglyceric acid—a result 
which may have an important bearing on the constitution of rhamnose. 


ExPERIMENTAL. 
Oxidation of Mannose. 


Forty grams of seminose syrup were transformed into mannose 
hydrazone by treatment with phenylhydrazine acetate. The hydr- 
azone was decomposed by benzaldehyde and the purified mannose ob- 
tained as a syrup, which was found to contain about 8 grams of the 


ae 
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sugar. One hundred and fifty c.c. of a 5 per cent. solution of mannose 
were treated with hydrogen peroxide of 20-volume strength in the 
presence of 1 gram of ferrous sulphate. The amount of hydrogen per- 
oxide used was such as to yield 0°66 gram of oxygen, which was the 
calculated quantity required for the transformation of 7°5 grams of 
mannose into its osone. The oxidiser was added slowly in tenths of 
the required quantity, as in the oxidation of dextrose and levulose. 
An aqueous solution of the osone was obtained in the manner 
described in a former paper (Trans., 1900, ‘77, 1219). On treatment 
of the solution of the osone with phenylhydrazine at the ordinary tem- 
perature, a yellow precipitate formed immediately. After being 
allowed to stand for a few hours, the precipitate was filtered, washed 
with alcohol and ether, and dried in a vacuum. The yield of glucos- 
azone was 5 grams. On recrystallisation from alcohol, the glucosazone 
welted at 204° with decomposition and gave the following numbers on 
analysis : 


0°1670 gave 0°3789 CO, and 0:1017 H,O. C=601; H=6°6. 
00678 ,, 91 cc. moist nitrogen at 12° and 750mm. N=15°68. 
C,,H.0,N, requires C= 60°3 ; H=6°2; N=15-65 per cent. 


Twenty grams of seminose, which had not been purified by the 
method given above, yielded, after oxidation with hydrogen peroxide 
in the presence of ferrous sulphate, 4 grams of glucosazone, which, 
on recrystallisation, melted at 199° with decomposition and contained 
15°98 per cent. of nitrogen. 


Preparation of Glucosone from Dextrose or Leevulose. 


An aqueous solution of glucosone, prepared from levulose (Trans., 
1900, '7'7, 1219), was concentrated to a syrup in a vacuum at 50°. The 
syrup was poured into warm absolute alcohol and the alcohol solution 
filtered and concentrated in a vacuum on the water-bath and finally 
poured into dry ether. A white, amorphous solid separated, which 
was dissolved in hot absolute alcohol and the solution, after filtra- 
tion and concentration, poured into dry ether. The yield of the 
white, amorphous solid from 60 grams of levulose amounted to 
3 grams. An analysis of the substance dried in a vacuum gave the 
following numbers : 


0'1782 gave 02608 CO, and 0:0949 H,O. C=39-'92; H=5°87, 
C,H,,0, requires C= 40°40; H=5°61 per cent. 


The glucosone, which was practically free from ash, reduced Fehling’s 
solution without being warmed. 
Glucosone from dextrose was prepared in the same way, except that 
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hydrogen peroxide of 10-volume strength was used instead of 20-volume 
strength. An analysis of the substance dried in a vacuum showed it 
to be less pure than the glucosone obtained from lwvulose : 


0°2002 gave 0:2905 CO, and 01162 H,O, C=39:57; H=6-4. 


It was not free from impurity, since 0'2 gram of substance, after igni- 
tion, was found to contain 0'9 mg. of ash. The glucosone reduced Fehling’s 
solution at the ordinary temperature. Both the samples of glucosone 
reacted immediately with a cold solution of phenylhydrazine acetate. 
One gram of glucosone from dextrose dissolved in 10 c.c. of water was 
treated with 2 grams of phenylhydrazine dissolved in 2 c.c. of 50 per 
cent. acetic acid and diluted with 4 c.c. of water. A precipitate was 
formed immediately, After standing for some hours at the ordinary 
temperature, the glucosazone was filtered off, washed with water, and 
dried ina vacuum. The weight of the osazone amounted to 0°5 gram, 
Half a gram of glucosone from lwvulose dissolved in 70 c.c. of water 
and treated with 1 gram of phenylhydrazine in 50 per cent. acetic 
acid gave 0:23 gram of glucosazone, The liquid was kept quite cold, 
and under these conditions both dextrose and levulose do not give a 
precipitate with phenylhydrazine acetate unless the solutions are 
allowed to stand for several days. On recrystallisation from alcohol, 
the osazone melted at 203° with decomposition, and its identity was 
further established by a nitrogen determination ; 


00653 gave 8:4 c.c. moist nitrogen at 12° and 760 mm. N=15°2. 
C,,.H..0,N, requires N = 15°65 per cent. 


The determination of the optical activity of the glucosone from 
dextrose and levulose gave results which were unsatisfactory, and we 
concluded that small quantities of the parent sugar were present as 
impurity, especially in the case of the glucosone from dextrose, for the 
preparation of which 10-volume hydrogen peroxide was used. The 
glucosone in each case was dissolved in water : 


0504 gram of glucosone from levulose had [a], —54°; 
0°5247 ,, = dextrose ,, [a]p +13°5°; whereas 
05154 ,, levulose dissolved in water had [a]p — 89°. 


E. Fischer states that glucosone prepared from phenylglucosazone is 
feebly levorotatory (Ber., 1889, 22, 89). 

We have fermented solutions of glucosone from dextrose and levulose 
with yeast in order to remove these carbohydrates. A solution of 
glucosone from dextrose had a decided dextrorotatory power, but after 
two days’ fermentation at 30° became feebly levorotatory. The fer- 
mentation was continued for another day, but there was no change in 
the rotatory power. After the removal of the inorganic impurities by 
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concentration of the aqueous solution of the glucosone in a vacuum on 
the water-bath and treatment with absolute methyl alcohol, a syrup 
was obtained which did not crystallise, but reacted immediately with 
phenylhydrazine acetate at the ordinary temperature, 

A solution of glucosone prepared from levulose was treated in 
exactly the same manner. The lwvorotatory power became less on 
fermentation and after two days the fermentation stopped. The solu- 
tion was found to be slightly levorotatory and reacted immediately 
with a cold solution of phenylhydrazine acetate. 


Oxidation af an Aqueous Solution of Glucosone prepared from Dextrose. 


An aqueous solution of glucosone prepared from 30 grams of dextrose 
was heated with 12°5 grams of bromine at 40° for 12 hours (the 
volume of the solution was 350 c.c.). The excess of bromine was 
removed by a current of air and the yellow liquid was treated with an 
excess of lead carbonate. After standing for 24 hours, the liquid was 
filtered from lead carbonate and lead bromide, and sulphuretted hydro- 
gen was passed in. The filtrate from the lead sulphide was concentrated 
toa small bulk in a vacuum at 60° on the water-bath. It was found 
to be impossible to remove the last traces of hydrobromic acid by silver 
carbonate as the solution contained a reducing substance. The residual 
liquid was boiled with calcium carbonate until it was neutral, decolor- 
ised with animal charcoal, filtered, eyaporated in a vacuum on the 
water-bath to a small bulk, and poured into absolute alcohol, The 
calcium salt was obtained as a granular precipitate which was washed 
with absolute alcohol and ether and the ether removed in a vacuum. 
The yield of the salt varied between 25 and 30 per cent. of the weight 
of dextrose taken, It was purified by treatment with the calculated 
quantity of oxalic acid, and after boiling with calcium carbonate and 
decolorising with animal charcoal was reprecipitated by absolute 
alcohol, The yield of the purified salt was never less than 12—15 per 
cent. of the weight of the dextrose used. Analysis of the calcium salt 
gave the following numbers : 


0'1995, air dried, gave 0°2072 CO, and 00872 H,O. C= 28°38 ; H=4-85, 
0'1958 dried at 110°,, 0:223 CO, ,, 0°0735H,O.C=31-:0 ;H=42. 
04170, 110° — gave 0°1785 CaSO,. Ca=12°6. 

0315 ,, 110—130° ,, 0:1405 CaSO, Ca=13'1. 

0'4253 of the air-dried salt ,, 0°1602 CaSO, Ca=11-08. 
(C,H,0,),Ca,2H,0 requires Ca=11°56; C=27'74; H=5°2 per cent. 
(0,H,0,),Ca »  Ca=129; C=3096;H=45 ,, 


These numbers show that the salt is most probably calcium tri- 
hydroxybutyrate, 
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Lead Erythronate, (C,H,0,)Pb.—The lead salt was prepared by add- 
ing normal Jead acetate to a solution of the purified calcium or barium 
salt. The white precipitate so obtained was well washed with hot 
water, and after being dried at 130° was analysed : 


0°1628 gave 0:1448 PbSO,. Pb=60°8. 
01550 ,, 01660 PbSO, Pb=60°8. 
(C,H,0,)Pb requires Pb=60°7 per cent. 


This salt was obtained by Lamparter from erythronic acid (Joc. cit.), 
and is insoluble in dilute acetic acid. It has been considered to be a 
characteristic salt of n-trihydroxybutyric acid (Fischer, Ber., 1889, 
22, 110; Fenton, Trans., 1899, '75, 7). The lead salt obtained by us 
was insoluble.in dilute acetic acid. 

Barium LErythronate, Ba(C,H,O;).,2H,0.—For the analysis, the 
barium salt obtained by boiling the solution containing erythronic acid 
with barium carbonate and precipitating with alcohol must be freed 
from iron compounds, which are present in small quantity. This was 
done by dissolving the barium salt in a small volume of water, adding 
alcohol in slight excess, filtering, and washing the undissolved residue, 
which was brown in colour, with a little cold water. The filtrate 
contained the barium erythronate, which was treated with dilute sul- 
phuric acid, the liquid boiled with barium carbonate, and the pure 
barium salt reprecipitated by alcohol. On analysis: 


0°1803 lost, at 130°, 0°01450 H,O. H,O=8-04. 
0°1653, dried at 130°, gave 0:0938 BaSO,. Ba=33°31. 


0°1645, ” »  0°0943 BaSO,. Ba=33°76. 
Ba(C,H,0,).,2H,O requires H,O = 8°03 per cent. 
Ba(C,H,,0,), »  Ba=33°66 99 


Reduction of Calcium Erythronate to Butyric Acid.—Fifteen grams 
of calcium erythronate, obtained from dextrose, were heated for 
8 hours with 130 c.c. of hydriodic acid (b. p. 127°) and 5 grams of 
amorphous phosphorus in a flask fitted with a reflux condenser on a 
sand-bath. The brown liquid was diluted with an equal volume of 
water and shaken six times with ether. The ether was distilled off 
and a brown oil was left which possessed a strong odour of butyric 
acid. To complete the reduction, the oil was heated with dilute sul- 
phuric acid and zinc for an hour in a flask fitted with a reflux con- 
denser. After being allowed to stand for several hours, the excess of 
zinc was filtered off and a little more sulphuric acid was added to the 
filtrate. A current of steam was passed into the liquid and the distil- 
late, which was strongly acid, was neutralised with calcium carbonate. 
After filtration and concentration on the water-bath, 1:2 grams of a 
salt crystallised out, This salt had the characteristic properties of 
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calcium butyrate, being less soluble in hot water than in cold, and 
having the peculiar odour of the acid. To confirm the formation of 
butyric acid, the silver salt was prepared from the calcium salt, dried 
in a vacuum, and analysed ; 


02345 gave 0°1345 Ag. Ag=55-4. 
01708 ,, 00948 Ag. Ag=55°5. 
C,H,O,Ag requires Ag = 55-4 per cent. 


The total yield of calcium butyrate from 15 grams of calcium 
erythronate was about 15 per cent. of the theoretical amount. 


Oxidation of an Aqueous Solution of Glucosone prepared from Levulose. 


The action of bromine on an aqueous solution of glucosone prepared 
from Jevulose was exactly the same as in the case of glucosone obtained 
from dextrose, and it is unnecessary to repeat the details of the separ- 
ation and purification of the calcium or barium erythronate. From 30 
grams of levulose in each case, the yield of calcium salt amounted to 
15 grams or, 50 per cent. of the theoretical, and of barium salt to 11 
grams, or 30 per cent. of the theoretical. 

The calcium salt, dried at 110°, was analysed : 


0°2050 gave 0:2360 CO, and 0°0845 H,O. C=31'3; H=4-6. 
02875 ,, 01285 CaSO, Ca=13°15. 
02875 ,, 01280 CaSO,. Ca=13°1. 

(C,H,0,),Ca requires C=31:0; H=4'5; Ca=12'9 per cent. 


The barium salt, dried at 130°, was analysed, with the following 
results : 


0'2255 lost 0°0190 H,O. H,O=8°4. 

0-2065 gave 0°1195 BaSO,. Ba=33°8. 
(C,H,0,),Ba,2H,O requires H,O = 8:0 per cent. 
(C,H,0,),Ba »  Ba=3366 _,, 


The dead salt of erythronic acid was prepared from the barium salt. 
The yield amounted to 1 gram from 3 grams of barium salt, that is, 
about 25 per cent. of the calculated quantity : 


0°1648, dried at 130°, gave 0°1465 PbSO,. Pb=60°5. 
(C,H,O,)Pb requires Pb= 60°77 per cent. 


It is not necessary to dry the salt at so high a temperature as 160° 
(lamparter, Joc. cit.). 

Strychnine Salt.—When the calcium salt was treated with the caleu- 
lated quantity of oxalic acid and any excess of oxalic acid removed by 
lime water, a solution of the free acid was obtained, which, on con- 
centration, yielded a syrup which did not crystallise. From the 
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solution of the acid, by boiling with strychnine, filtering and concentrat- 
ing, and treating with absolute alcohol, the strychnine salt was pre- 
cipitated, which, after recrystallising twice from a small quantity of 
water, gave, on analysis, the following numbers: 


0°1777, dried at 130°; gave0°413700, and0-0985H,0. C=63°6; H=6:1, 
0'1818, dried in a desiccator, gave 04083 CO, and 00185 H,O. C = 61:24; 
H = 6°57. 
C,,H,,0,N.,C,H,0, requires C=63°8 ; H=6°15 per cent. 
C,,H,,0,.N,,C,H,0,,H,O , O=61:47; H=655_,, 


The strychnine salt crystallised in needles from water, and contained 
one mol. of water of crystallisation which was not expelled under 130°. 

Reduction of Erythronic Acid, obtained from Levulose, to Butyric 
Acid.—The details of this reduction are identical with those described 
under the reduction of calcium erythronate from dextrose. The yield 
of calcium or barium butyrate was about the same as in the reduction 
of the calcium salt from dextrose. The calcium or barium butyrate 
was transformed into the silver salt, which crystallised from water in 
white needles. 


The silver salt was analysed : 


01814 gave 0°1003 Ag. Ag=55°3. 
C,H,0,Ag requires Ag = 55'4 per cent. 


Oxidation of Erythritol by Nitric Acid. 


Lamparter prepared erythronic acid from erythritol by the action of 
strong nitric acid on a hot concentrated aqueous solution of erythritol 
(loc. cit.), Przibytk (J. Russ. Phys. Chem. Soc., 1881, 12, 208) states 
that dilute nitric acid transforms erythritol into oxalic acid and 
mesotartaric acid. 

Ten grams of erythritol were oxidised by 25 c.c. of nitric acid of 
sp. gr. 1'2 at 40° for 28 hours, the liquid diluted with water, and the 
nitric acid removed by distillation in a vacuum at 50°. A syrup was 
obtained which contained oxalic and erythronice acid. The calcium 
erythronate was prepared in the usual way and precipitated by means 
of alcohol. The salt was purified by treatment with oxalic acid and 
calcium carbonate and was precipitated from its aqueous solution with 
alcohol, and washed with ether. The yield of the purified salt was 
75 grams : 


0°2432, dried at 110°, gave 01085 CaSO, Ca=13°1. 
(C,H,O,),Ca requires Ca =12°9 per cent. 


This salt is evidently identical with the calcium erythronate already 
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described, and from it a lead salt was obtained insoluble in dilute 
acetic acid. 


The authors desire to express their thanks to the Government Grant 
Committee of the Royal Society for funds which have enabled them to 
carry out this investigation, 


vr. 
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LXXI.—Preparation and Properties of 4-isoPropyl- 
dthydroresorcin. 
By ArtrHur WILLIAM CROSSLEY. 


Amona the many interesting changes which substituted dihydro- 
resorcins undergo is one which they suffer on treatment with barium 
hydroxide. For example, Vorlinder has shown (Annalen, 1897, 204, 
317 ; 1899, 308, 188) that when 4-phenyldihydroresorcin is boiled 
with barium hydroxide, hydrolysis takes place and the ring is broken 
with formation of B-phenyl]-d-ketohexoic acid (8-phenyl-y-acetylbutyric 
acid), 


CH,—CO CH,*CO 
O,Hy CHC ‘Soh => con * \OH, . 
CH,:C(OH)**. H,00,H 


Exceptions are found to this reaction in the cases of 4; 4-dimethyl- 
dihydroresorcin and 3:4:4-trimethyldihydroresorcin (compare Ber., 
1897, 30, 1801, and Trans., 1901, '79, 139), 


(CH,),CH oon? C# and (CH,),0< 0 om OH 


neither of which substances behaves in the above-mentioned manner. 
The explanation is evidently to be sought ina difference of constitution. 
These two substituted dihydroresorcins differ in one point, and one 
point only, from those which have been found to hydrolyse on treat- 
ment with barium hydroxide: they contain two alkyl groups attached 
to the same carbon atom (marked with a +), whereas all those which 
have been found to undergo hydrolysis contain only one alkyl group in 
this position, 

In order to obtain further evidence on this point, 4-isopropyldihy- 
droresorcin has been prepared, and its behaviour towards barium 
hydroxide investigated. 
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The starting point of the preparation was isobutylideneacetone, 
(CH,),CH*CH:CH-CO-CH,, prepared according to the directions of 
Franke and Kohn (Monatsh., 1899, 20, 876),and as this substance 
condenses with ethyl sodiomalonate to give ethyl 4-isopropyldihydro- 
resoreylate, (CH,),CH eo oe) OH, a characteristic re- 
action of af-unsaturated ketone, it affords a further proof, if such 
were needed, of the formula assigned to this ketone by Franke and 
Kohn. 

When the above ethyl salt is hydrolysed with either sodium car- 
bonate or potassium hydroxide, 4-isopropyldihydroresorcin (formula I 
below) is obtained, which crystallines with 1H,O. Its constitution is 
proved by its method of formation, and also by the fact that on 
oxidation with sodium hypobromite it gives rise to B-isopropylglutaric 
acid (compare Trans., 1899, '75, 772; 1901, '79, 139): 


CH,——CO * 
(CH,) OH-OHC SCH —> (OH,),CH-CH<CH2'00,H 
; H,-C(OH)Z. (CH): H,"CO,H 


When boiled with barium hydroxide solution, isopropyldihydro- 
resorcin is hydrolysed, as expected, with production of B-isopropyl-8- 


ketohexoic acid : 
CH,—CO 000 
" ilies ‘NOH . \CH 
: —> (CH,),CH:CH R 
CMs \cu,-00,H 


\ox,-0(0H)7. 


Apparently, then, it is the presence of two alkyl groups attached to 
one and the same carbon atom which differentiates between substituted 
dihydroresorcins hydrolysed by barium hydroxide and those which 
are not. 

The ketonic nature of isopropylketohexoic acid was proved by 
the preparation from it of a semicarbazide and an oxime ; and its 
constitution follows from the oxidation with dilute nitric acid, when it 
yields pimelic (isopropylsuccinic) acid, 


(CH,),CH-CH 


CH,:CO,H H.:00.H 
(CH),cHOHC *, CH, —> (CH,,CHOE<OOYy 
cH,—6O 


whereas isopropyldihydroresorcin, under similar conditions, gives f-iso 


propylglutaric acid. : : } 

The following comparison of the properties of dtsopropyldihydro- 
resorcin and isopropylketohexoic acid leaves no doubt as to the non- 
identity of the two substances : 
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M. p. or , Oxidation M. p. of 

cs roo. wien. product. pa abe 

; ay 
4'-isoPropyldihydro- 89° | Violet |C,H, ,O,, H,0, \isoPropylglutaric 

TeSOrCiN ............ colour. | m. p. 67°S". | acid......s.cscuee 145° 
p-isoPropy]-5-keto- at under | No | Appreciably |isoPropylsuccinic 

hexoic acid ...... 15 mm. — soluble. acid ............+0| 93—94° 

| 


In previous communications (Trans., 1901, '79, 138; Proc., 1901, 
17, 172), substituted dihydroresorcins have been called substituted 
dihydroresorcinols or diketocycl/ohexanes ; but the author no longer re- 
tains these latter names, for although the substances behave apparently 
as diketones towards hydroxylamine, there can be no doubt that their 
most usual form is the ketoenolic constitution, represented by the 
following formula : 


3 2 
4 — 1 
(CH,),CH: CH<oH (onc ; 
5 6 


The positions of the various substituting groups are indicated by 
numbering the carbon atoms as above. 

For these reasons, and also for brevity’s sake, the name dihydro- 
resorcin will in future be adopted to designate this class of substances. 


EXPERIMENTAL. 


Ethyl 4-isoPropyldihydroresorcylate-3, 
. CH(CO,0,H,)*CO 
(OH,),CH-CH i. 2024s) 0 > CH, 


Twenty-three grams of sodium were dissolved in 275 c.c. of absolute 
alcohol, 170 grams of ethyl malonate added, and, after cooling, 112 
grams of isobutylideneacetone (Franke and Kohn, Monatsh., 1899, 20, 
876). The mixture became reddish-pink and much heat was evolved. 
On shaking, the whole set to a faintly-yellow, semi-solid mass, which 
was heated on the water-bath for 4 hours to complete the reaction ; 
water was then added, the alcohol evaporated, and the alkaline liquid 
extracted with ether, which treatment removes some unaltered 
material. After acidification with dilute sulphuric acid, the whole 
Was again extracted with ether, the ethereal solution washed with 
water, dried over calcium chloride, and the ether evaporated, when 
230 grams of a thick, yellow liquid were obtained, which, on standing, 
became semi-solid. The mass was spread on porous earthenware, thus 
giving 100 grams of a white solid, and on extracting the porous plate 
with ether, 98 grams of a thick, yellow liquid were obtained, which 
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showed no signs of crystallisation after many months’ standing, and is 
at present being more fully investigated. 

The white solid was purified by crystallisation from a mixture of 
benzene and light petroleum, and analysed : 


0:1107 gave 0:2572 CO, and 0:0804 H,O, C=63°37; H=8-07. 
C,,H,,0, requires C = 63°71 ; H=7-96 per cent. 


Ethyl isopropyldihydroresorcylate dissolves slightly in water and 
readily in the ordinary organic solvents. It crystallises from the 
above-mentioned mixture in stellar aggregates of small needles melting 
at 100‘5—101°. Its aqueous solution gives a deep violet colour with 
ferric chloride solution. 


CH,——CO 
CH:-C(oH)7 CE: 

Ethyl isopropyldihydroresorcylate was hydrolysed by boiling for 
2 hours with an equal weight of pure caustic potash dissolved in 
alcohol. (Hydrolysis may also be effected by boiling for about 15 
hours with sodium carbonate solution.) Water was then added, the 
alcohol evaporated, and, after acidification with sulphuric acid, the 
whole extracted with ether and the ether evaporated. As this sub- 
stituted dihydroresorcin crystallises with 1H,0, it is of advantage not 
to dry the ethereal solution before evaporation. The solid residue, 
obtained in nearly theoretical yield, was purified by crystallisation 
from dilute methyl alcohol and analysed : 


0°1446 gave 0°3315 CO, and 0:1214 H,O. C=62°52; H=9-33. 
O,H,,0,,H,O requires C= 62°79 ; H = 9°30 per cent. 


isoPropyldihydroresorcin is sparingly soluble in water or light 
petroleum, but readily so in the ordinary organic solvents; its 
aqueous solution is intensely acid towards litmus paper and gives a 
deep purple colour with ferric chloride. It crystallises from dilute 
methyl alcohol, with 1H,0, in stout, flattened needles melting at 67°5°. 
When dried in a vacuum over sulphuric acid: 


0°8860 lost 00940 H,O. H,O=10°61. 

C,H,,0,,H,O requires H,O = 10°46 per cent. 

The dried substance, when heated in a capillary tube, melts at 82°, 
and at about 100° a red film is formed above the substance, a phen- 
omenon noticed in the case of 4:4-dimethyldihydroresorcin (Trans., 
1899, '75, 773). On analysis of the dried substance, the following 
numbers were obtained : 

01197 gave 0°3073 CO, and 0:0980 H,O. C=7001; H=9°10. 

C,H,,0, requires C=70°13 ; H=9-09 per cent. 


4-isoPropyldihydroresorcin, (CH,),CH*CH< 


_ ee 3 _—_=_ == 


wo 
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The silver salt, O,H,,0,Ag, prepared in the usual manner, is @ 
white, insoluble precipitate : 


01761 gave 0°0727 Ag. Ag=41°28. 
C,H,,0,Ag requires Ag= 41°38 per cent. 


The dioxime was obtained by adding the calculated quantities of 
hydroxylamine hydrochloride and sodium hydroxide dissolved in the 
smallest possible quantity of water to an aldoholic solition of the 
ketone. On standing, the sdlation’ became violet,’ and ‘gradually 
deposited crystals, which were separated, purified by crystallisation 
from dilute methyl] alcohol, and the nitrogen estimated : i. 


0:1186 gave 15°6 c.c. moist nitrogen at, 16°and 764 mm, N=15-4l. 
C pH, ,0,N, requires N=15'22 per cent. © 


The dioxime is insoluble in benzene or chloroform, but readily soluble 
in methyl or ethyl alcohol on warming, and crystallises from dilute 
methyl alcohol in,clusters of stumpy needles. Its melting point is 
indefinite, On heating in a capillary tube, it runs together at 
145°, forming a nearly clear jelly, which sticks to the side of the 
tube, ...On more strongly heating, it becomes cloudy, and at 165° 
decomposes and gives off gas. 


The ethyl ether, C,H," CH< oH “C(00, (00,1, prepared by’ heat- 


ing thedry’ silver salt “with: ‘othiy! ‘aide’ in “dty ‘ethereal’ rene 
is a clear, faintly yelldw, dily liquid boiling at 284° at 762 mm. 


0:1204 gave 0°3190 CO, and 0°1086 H,O. O=7226; H= felt 
C,,H,,0, requires C=72'52 ; H=9°89 per cent, 


When hydrolysed with alcoholic potassium hydroxide, it is quan- 
titatively reconverted into isopropyldihydroregorcin, 


1-Bromo-4-isopropyldihydroresorcin, (CH,),CH oH<CHs CH, -C(OH) enone, 


was prepared by adding a solution of bromine in chloroteiil to one 
of dried isopropyldihydroresorcin (m. p, 82°) in chloroform until the 
colour of the former just remained permanent, when hydrogen bromide 
was evolved and:a heavy oil separated, which soon solidified;' This 
was filtered off, purified by: ante from dilute: wang = 
the bromine,determineds .. ) 4... : ' 


02076 gave 0°1692 AgBr. Br=34°68. 
C oH 30, Br requires Br = 34°33 per cent. 


coilepedpylitiepdecwencecln | is insoluble in water, readily, soluble 

in alcohol, acetone, or ethyl acetate on warming, and crystallises 

in nacredtis” scales: ‘Its melting’ point depends ' oh’ ‘the rate at ‘which 

it is heated ?wheh ‘heate® ih the ordinary Way,’ it mélts sharply at 

169° to a ding red liquid, which’ at once decomiposes and-givés’ off 
ZZ2 
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gas. Other determinations in which the substance was heated more 
and more slowly gave 166°, 162°, and finally as low as 152°. In each 
case, the substance melted sharply at the given temperature with de- 
composition and evolution of gas. 


Oxidation of 4-isoPropyldthydroresorcin. 


I. With Potassium Hypobromite.—Thirty-four grams of bromine 
were poured into 400 c.c. of water cooled to 0° and a strong solution 
of sodium hydroxide slowly added until the colour of the bromine had 
disappeared. A solution of 7 grams of isopropyldihydroresorcin in 
sodium hydroxide (10 grams NaOH in 50 c.c. of water) was then 
poured in and the whole allowed to stand 4 hours. The solution, 
after separation from bromoform and carbon tetrabromide, was acidi- 
fied with hydrochloric acid, evaporated to about one-fourth of its 
original bulk, and repeatedly extracted with ether. The ethereal solu- 
tion, after drying over calcium chloride and evaporation of the ether, 
yielded 5 grams of a white solid, which proved to be B-isopropylglu- 
taric acid (compare Howles, Thorpe, and Udall, Trans., 1900, '7'7, 942). 
Thus, it crystallised from water in stout needles melting at 100—100°5°, 
and gave a crystalline anilic acid melting at 121°. On analysis of the 
acid, the following numbers were obtained : 


0°1422 gave 02861 CO, and 0°1028 H,O, C=54:87; H=8-03. 
C,H, ,0, requires C=55°17 ; H=8-04 per cent. 


II. With Nitric Acid.—Two grams of isopropyldihydroresorcin were 
heated to boiling with 20 c.c. of dilute nitric acid (1: 1), when after a 
few moments oxidation took place vigorously. The whole was evap- 
orated on the water-bath, with repeated addition of water, when 
1-7 grams of a white solid were obtained melting at 100° and giving 
an anilic acid melting at 121°, thus proving it to be B-isopropylglutaric 
acid. 


B-isoPropyl-8-ketohewoic Acid, CH,*CO-CH,*CH(C,H,)*CH,°CO,H. 


isoPropyldihydroresorcin (1 part) was heated with barium hydr- 
oxide (4 parts) and water (20 parts) for 36 hours in a flask attached 
to a reflex condenser. The whole was then evaporated to about one- 
third of its original volume, acidified with hydrochloric acid, and ex- 
tracted with ether. The ethereal solution, after drying over calcium 
chloride, was evaporated and the residual liquid purified by repeated 
distillation in a vacuum, and analysed : 


0°1206 gave 0:2776 CO, and 0°:1014 H,O. C=62°77; H=9°34. 
C,H,,0, requires C= 62°79 ; H=9-30 per cent. 


isoPropylketohexoic acid is a perfectly colourless, thick liquid with 
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a sharp, but not unpleasant odour. It boils at 187° under 15 mm. 
pressure, and requires to be distilled as rapidly as possible, for on slow 
distillation, especially in air, it decomposes. The silver salt, 
C,H,,0O,Ag, prepared in the usual way, is a white, insoluble pre- 
cipitate : 
0°2184 gave 0°0852 Ag. Ag=39-01. 

C,H,,0,Ag requires Ag = 38°71 per cent. 


The semicarbazide, C,,H,,O,N,, was obtained by adding to an 
alcoholic solution of the ketonic acid the calculated quantities of semi- 
carbazide hydrochloride and sodium acetate dissolved in the smallest 
possible quantities of water and allowing the alcohol to evaporate 
slowly. The solid which separated crystallised from dilute alcohol in 
small, transparent plates melting at 144° with slow evolution of gas: 


0°1146 gave 18:4 c.c. moist nitrogen at 18° and 756 mm. N =18°44. 
C,)H,,0,N, requires N = 18°34 per cent. 


Oxime.—Five grams of hydroxylamine hydrochloride and 3 grams 
of sodium hydroxide dissolved in the smallest possible amount of water 
were added to an alcoholic solution of 5 grams of the ketonic acid and 
the solution heated to boiling for 4 hours. The pasty mass left on 
evaporating the solvent was warmed with absolute alcohol, filtered 
from sodium chloride, and the alcohol again evaporated, On stirring 
the residue with a few drops of very dilute acetic acid, it gradually 
solidified. It was spread on a porous plate, purified by crystallisation 
from ethyl acetate, and the nitrogen determined : 


0:2064 gave 13°5 c.c. moist nitrogen at 19°5°and 755 mm. N=7°45. 
C,H,,0,N requires N = 7°49 per cent. 


The oxime crystallises slowly in stellar aggregates of compact 
needles melting at 93—94°. It is practically insoluble in light 
petroleum, but ready scluble in the ordinary organic solvents, especially 
on warming. 

Oxidation of Acetylisopropylbutyric Acid.—8'5 grams of the ketonic 
acid were heated with 90 c.c. of nitric acid (sp. gr. 1°15) for half an 
hour in a flask attached to a reflux condenser. The oxidation is not a 
very violent one. After adding water and evaporating off the nitric 
acid, 6 grams (calc., 7°3 grams) of a white solid were obtained, which 
crystallised from water in stout, transparent needles melting at 
115—116°. This is the melting point of pimelic (isopropylsuccinic) 
acid (compare Trans., 1898, '73, 22). To prove further the identity of 
this acid, a portion was converted into the silver salt, and analysed : 


0°2598 gave 01498 Ag. Ag=57°66. 
C,H,,0,Ag, requires Ag = 57°75 per cent. 
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The acid'also gave an anhydride. boiling’ at: 255° at ordinary atmo- ) 
spheric pressure, and from this an antlic acid erystallising from dilute 
alcohol in shining scales melting at 135°, 

As isopropylsuceinanilic acid does not appear to have been sditheliehs 
described, a specimen was made for comparison. The pimelic acid 
employed was obtained by the fusion of camphoric - acid, with pot- 
assium hydroxide (Trans, 1898, '73,.22),. . It ,was first converted 
into the anhydride boiling at 255° under ordinary atmospheric pres- 
sure, and this, on treatment with aniline ‘in berizétie solation, gave 
the anilic’ acid, crystallising from’ dilute aledhol in beautiful, nacreous 
scales melting’ at 135°. It is fairly soluble in bénzene and chloro- 
form on warming, and readily so in ether, ethyl acetate, acetone, or 
alcohol in the cold : 


0: 3006 gave 15:4 c.c, moist nitrogen at 20° and 766 mm. ‘N=591. 

; C, 3H 179s N requires N = B95 per cent. a 

The author’s thanks are due to the Research Fund Committee of 

the Chemical Society for a grant defraying whe cost of the materials 
used in this investigation. 
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LXXIL— The Influence of Temperature on “Association 
in Benzene Solution, and the Value of t the Molecular 
Rise of Boiling..Povnt., ibe Benzene at. t. Liferent 
Temperatures. , | 


By Witu1amM Ross Innes, M.Sc. (Viet.), Ph.D. (Heider | 


SussTaNcEs cbirtaining hydroxy! groups give,‘as is well. known, ab- 
nérmal ‘molecular weights in -hydreearbon : solutions by: both the 
eryoscopic and ebullioscopic. methods. , A large number of hydroxy! 
compounds have been investigated, in bengene by Beckmann, Auwers, 
Paternd, and others, and it has been shown that they may be divided 
into two classes according to their behaviour with increasing con- 
centration: carboxylic acids and oximes have in general the normal 
molecular weight in dilute solution ; as the concentration is increased, | 
the molecular weight increases, at first rapidly, then more slowly, until 
it reaches double the normal value; further increase of concentration 
affects the value but little. Alcohols and phenols also give the normal 
' 
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molecular weight in dilute solutions, but the molecular weight found 
increases regularly with the concentration and does not seem to reach 
a limit. The behaviour of acids and oximes with increasing concen- 
tration is qualitatively similar to that of an associating gas such as 
NO, when its pressure is increased, and in some cases the association 
follows Guldberg and Waage’s law with sufficient closenéss, in othets 
the agreement is not satisfactory. It is generally assumed that the 
apparent increase in molecular weight in the case of the alcohols am 
phenols is due also to association taking place with increasing con- 
centration. 

Although the influence of concentration on association has been 
largely investigated, the effect of temperature has not, as yet, been 
measured. Molecular weight determinations have been carried out with 
a few substances by both the boiling and freezing point methods in 
benzene solution, and it might be assumed that the difference between 
the values found is due to the difference of temperature. It has yet 
to be shown that the increase in cryoscopic molecular weight is not 
due, in part, to separation of dissolved substance with the solid benzene, 
Until this has been done, it is not justifiable to compare the results of 
the two methods in the case of the alcohols and phenols. As most of 
the acids give almost the same molecular weight over a considerable 
range of concentration, the results obtained in this way with them are 
more trustworthy. 

Several methods might be used to determine the influence of tem- 
perature on association in solution, the most promising being the 
variation of vapour pressure with temperature, and the boiling point 
method at different pressures. ‘The latter method was chosen in the 
present research, partly because it has been more fully worked out, 
and partly to elucidate some other points about the boiling point 
method. 

The value of the molecular rise of boiling point may be calculated 
ina number of ways. Arrhenius has shown that it may be calculated 
from the heat of vaporisation, 100r=R7?/Z, where R is the gas 
constant, Z the heat of vaporisation of one gram of the solvent, and 
T the absolute temperature. The total heat of vaporisation of benzene 
has been determined by Regnault (Memoires de I’ Jnstitut, 26, 881), 
and Schiff (Annalen, 1888, 244, 344) has determined the specific heat 
at different temperatures. The heat of vaporisation of benzene was 
calculated by means of their formule at intervals of 10°, and the 
values so obtained substituted in van’t Hoff’s equation. 

By means of the latent heat equation, we can substitute Z in 
100r= R7?/Z ; we thus obtain 100r= Mp/(dp/dt) (Nernst and Roloff, 
Zeit. physikal. Chem., 1893, 11, 24). 

The same formula may be derived from the lowering of vapour 
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pressure equation, p—p/p=n/N (Ostwald, Grundriss, 203, 1899 
edition). The equation, 100r = Mp/(dp/dt), enables us to calculate the 
molecular rise of boiling point from the rate of change of vapour 
pressure with temperature, provided the substance has the normal 
molecular weight in the state of vapour at the boiling point, and the 
method is quite independent of the state of association of the liquid 
solvent. 

The molecular rise of boiling point at atmospheric pressure has 
been determined in this way for a large number of solvents by Beck- 
mann and Fuchs (Zeit. physikal. Chem., 1895, 18, 492). The results 
obtained show a satisfactory agreement with those obtained by the 
direct method. 

In the present case, the value of the molecular rise of boiling point 
has been calculated from Ramsay and Young’s determinations of the 
vapour pressure of benzene at different temperatures (Ramsay and 
Young, Phil. Mag., 1887, [v |, 23, 61; Young, Trans., 1899, 55, 501). 
The results so obtained are compared with those of determina- 
tions of the rise of boiling point, using phenanthrene, benzophenone, 
and in three cases benzil as dissolved substances, at pressures ranging 
from 31 to 109 cm. The pressures were chosen so as to give differences 
of about 10° in the boiling point of the benzene. 

Determinations were also carried out at various pressures with 
typical abnormal substances. The substances chosen had to be solids, 
as it would be exceedingly difficult to introduce a liquid into the 
apparatus without disturbing the pressure ; it was also necessary that 
they should be easily soluble and have very little vapour pressure at 
the highest temperature used. Benzoic acid, o-bromobenzoic acid, 
B-benzilmonoxime, and dimethyl tartrate were the substances used. 
The value of the results with benzoic acid may be partly vitiated by 
its volatility. 


The Method. 


In order to carry out the experiments, it was necessary to maintain 
a very constant pressure in the boiling point apparatus for a consider- 
able time. 

The arrangement of the apparatus,* for pressures less than the 
atmospheric and its method of working will be readily understood on 
reference to Fig. 1. 

The Beckmann apparatus is seen to the right ; both the boiling point 
tube and the vapour mantle are connected to the large bottle, B, and 
the pressure in the apparatus may be found by reading the manometer, 


* An apparatus for maintaining a constant pressure near that of the atmosphere, 
similar in principle to that used, has been described by A: Smit {(Zeit. physikal. 
Chem., 1900, 33, 38). 
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H, and subtracting from the barometric height. The whole apparatus 
is connected with a water vacuum pump. J is a drying tube contain- 
ing calcium chloride. The syphon barometer tube, J, has a platinum 
wire fused through at X and is connected to the pump through the 


; To Pump 


Fic. 1. 


tap ¢. The tube Z has a platinum wire fused through its lower end, w, 
electrical connection is made with the copper wire lead by a little 
mercury. Imagine the apparatus to be working and the tap to be 
Open, the pressure in the apparatus falls and the mercury in the right 
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hand limb of J rises until it touches the platinum wire at w; the 
circuit of the relay, R, is then complete and the arm, a, is raised, this 
breaks the circuit of the magnet, M, and the tap ¢ is closed by the 
spring S’. Owing to leakage in the apparatus, the pressure gradually 
rises and the mercury falls until the contact at w is broken ; the arm, a, 
- then falls, completing the circuit of M, and the tap is opened. The 
pump was worked at its full power in all the experiments. To prevent 
too great a rush of air when the tap opened, a capillary tube, c, was 
placed between the pump and apparatus, and a final adjustment given 
to the rate at which the air was pumped out by the screw clip, d. It 
is evident that when the tap opens the pressure in U falls much more 
rapidly than in the bottle, B’, consequently the mercury rises and the 
tap is closed before the pressure in B’ has time to fall much; the 
mercury in J then falls almost to its original height owing to equal- 
isation of pressure in U7 and B’. The large bottle, B, was connected to 
B by a capillary tube (c’). The pressure in B, therefore, only follows 
the changes in B’ slowly ; it is obvious that if the pressure in B’ varies 
rapidly by small amounts about a mean pressure, the pressure in B 
will be practically constant and will be the mean pressure in B’. The 
natural leakage in the apparatus was not sufficient to keep the tap 
opening and shutting quickly enough to give the most constant pres- 
sures ; the whole apparatus was so tight that, working at 109 cm., the 
pressure only fell 2 cm. in an hour with the tap closed. A small flask, 
F, containing a little sulphuric acid was therefore connected to B’, 
and a stream of air, which could be regulated by means of a screw 
clip, allowed to bubble through the acid at a convenient rate. With 
the tap opening 20 to 30 times per minute, no motion at all could be 
observed, even with a magnifying telescope, in the mercury manometer, 
H; using a water manometer for pressures near the atmospheric, only 
a slight motion, about 1/5 mm., was visible. To alter the pressure, the 
tube, Z, is raised or lowered to the necessary amount. The tube slides 
in a piece of rubber pressure tubing and can easily be adjusted with 
sufficient accuracy in the required position. The surface of the mercury 
at W was covered with a little alcohol. 

The magnet, M, was kindly designed for me by Dr. D. K. Morris so 
as to give as equal a pull as possible over a considerable range. An 
iron plug (y) was connected to the keeper and this moved in the core 
of the magnet. The bottom and sides of the magnet were encased in 
iron. An ordinary glass tap was used for ¢, this was fitted, at a suit- 
able angle, with a brass arm held on by plaster of paris. 

The Beckmann boiling point apparatus was arranged in the usual 
way. A metal vapour jacket was used; this was about one-third filled 
with benzene. The boiling point tube and condenser were made in 
one piece, and the mouth of the boiling tube contracted so that a small 
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cotk could be used.’ It, is of coursé, niost’important that there should 
be no leak in the boiling tube, as benzene would be swept out of it by 
the escaping air. A rubber stopper could not be used to hold the 
thermometer, as it was liable to absorb ‘considerable quantities of 
benzene: a good, well softened cork was found to be perfectly tight. 
The loss of benzene after 3 or 4-hours seldom’ exceeded 0°1, and never 
0:2 gram. The liquid in the boiling tube boiled quietly both under 
reduced and iricreased pressure, even the platinum wire usually fused 
through the bottom of the boiling tube was unnecessary. The beads 
were placed in the tube’ in the way described by the author (Trans., 
1901, '79, 261), and platinum clippings’ placed over them. The plati- 
num cylinder was not used as the boiling’ temperatures were not high 
enough to make its use of advantage. The space between the boiling 
tube and vapour jacket was packed at'top and bottom with asbestos 
paper. “A gas regulator was used to’keep the’gas pressure constant. 
The flames were protected from draught by pieces of zine fitting closely 
to the Beckmann stand, and the whole apparatus was surrounded by 
a zine’screeni as‘high*as the top of the boiling tube. An electrical 
tapper was used to tap the thermometer. 

In the experiments at increased pressure, the. capillary (c) was con- 
nected to a large metal reservoir into which air was forced by a large 
bicycle pump. A mercury manometer was in connection with the 
reservoir. The flask # was removed, and the delivery tube from B’ 
joined to a tube drawn out to a point and,dipping into water. The 
rate at which the air escaped: could (then be readily regulated by a 
screw clip, The relay was cut out and the leads from U connected 
directly to the large. battery and UM, It will be seen that the tap now 
opens when the pressure falls below that fixed upon and closes when 
it rises above it. The tap ¢ was held in by a spring which pressed 
gently against it. It was found that,more satisfactory results were 
obtained if the pressure in the air reservoir was kept considerably 
above that in the apparatus ; an excess pressure of at least one-fourth 
of an atmosphere was used. 

In the earlier experiments the pressure was allowed to vary con- 
siderably. In series (16) the pressure in the reservoir changed by 
about an atmosphere from time to time. In the other series at 79 em. 
the variation was about one-fourth of an atmosphere. The experiments 
at 109 cm. were all carried out with a pressure in the reservoir which did 
not vary more than 2 cm. about the mean, and the thermometer read- 
ings were taken when the mercury in the manometer stood in the 
mean position. It will be seen that very concordant results were 
obtained, however much the pressure changed ; the only reason for 
giving more attention to the pressure in the later experiments was 
that it seemed safer to work under as constant conditions as possible. 
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After the liquid had boiled about an hour, the temperature be- 
came as constant as it is at atmospheric pressure under favourable 
conditions. 

When the temperature had become constant, the clip d' was closed, 
the tube S removed, and the weighed pastille placed in it. The tube 
was then replaced, the clip removed, and S pushed well down into the 
rubber tube ; on tapping gently, the substance fell into the boiling tube. 
The tube was then partly withdrawn and the clip replaced, when 
everything was ready for the addition of the next portion of substance. 
Working at increased pressures, the rubber tube was wired to S before 
the clip was opened, otherwise there was danger of S being blown 
out. As the rubber tube is fully distended in this case, the substance 
falls in without difficulty. 

The benzene used in the experiments was carefully purified and 
was dried over sodium. The substances, with two exceptions, were 
purchased from Kahlbaum, and were pure. The f-benzilmonoxime 
was made according to Meyer and Auwers’ instructions, and melted 
at 113° to 114°. The dimethyl tartrate was prepared by Frankland 
and Aston’s method, and purified by distillation and precipitation from 
benzene by light petroleum. 

The determinations at about 80° were carried out under atmospheric 
pressure. 


Determination of the Molecular Rise of Boiling Point at Different 
Temperatures. 


Column 1 gives the number of the series. 

Column 2 ,, the pressure in cm. at which the experiments were 
carried out. 

Column 3 ,, the corresponding temperature. 

§. Column 4 ,, the weight of solvent. 

Column 5 ,, the weight of substance. 

Column 6 ,, the observed rise of boiling point. 

Column 7 ,, grams of substance per 100 grams of solvent. 

Column 8 ,, 1/100 gram-molecules of substance per 100 grams 
of solvent. 

Column 9 ,, the molecular rise of boiling point. 
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Tase I, 
| 
2. 3. ; +Te | 6 7. 8. 9. 
Diphénylamine, C,,H,,N = 169. 
| | 

24-4 | 480 | 21°55 | 02696 | o1s9 | 1-28 | 0-754 | 18-4 
0°6984 | 0°365 3:29 | 1°95 18°7 
| 1.592 | 0°840 7°53 | 4°45 19°6 
| 2458 | 1270 | 11°62 | 6°88 19°2 
| 3°384 | 1°678 | 16-0 9°47 18°4 
| Mean 19°0 

Phenanthrene, C,,H,.= 178. 
| 

31°1 53°7 | 20°18 | 0°3040 | 0184 1°54 | 0°863 21°38 
0°706 0°427 3°57 | 2°00 21°3 
1:270 | 0°755 6°42 | 3°61 20°9 
1989 | 1165 | 10°06 | 565 20°6 
8127 | 1:789 | 15°8 7°05 20°1 

| —— 
Mean...} 21°0 
31°7 54°38 | 19°81 | 0°2424 | 0°147 1°25 | 0°705 20°9 
0°751 0°465 3°87 | 2°17 21°4 
1°455 | 0°875 7°49 | 4°21 20°8 
1977 | 1175 | 10719 | 5-73 20°5 
2°973 | 1717 | 15°32 | 8°61 19°9 
Mean...| 20°9 
Benzophenone, ©,,H,,O = 182. 

31:0 53°7. | 21°31 | 0°2600 | 0°135 1°24 | 0°683 19°8 
0-501 0°268 2°40 | 1°32 20°4 
0°936 0°505 4°48 | 2°46 20°5 
1573 | 0°835 7°52 | 4:18 20°2 
2°345 1°232 | 11°21 | 6°16 20°0 
3°360 1:733 | 16°07 | 8°83 19°6 

Mean...} 20°2 
Benzil, C,,H,,0, = 210. 
35°8 57°6 | 22°19 | 0-2794 0-128 1-28 | 0°611 21°0 
| 0454 | 0-211 2°08 | 0°99 21°3 
| 0°771 0°357 3°53 | 1°68 21°2 
| 1°157 0°534 5°30 | 2°53 21°1 
11-702 | 0°774 7°81 | 3°72 20°8 
2°401 1068 | 11°08 | 5°24 20°3 
Mean...| 21°0 
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Tasie I. (continued). 


1, 2. 

6 43°5 

7 43°5 

8 43°48 

9 43°3 
10 60°3 


3. | 4. 5. 6. .; 8. 9. 
iS iat | 
Phenanthrene. 
63°3 24°18 | 0°2320 0°135 0°982 0-551 24°5 
0°5180 | 0°284 2°19 | 1°23 22°5 
1°661 0°895 7°03 3°95 22°7 
2°314 1°239 9°79 5°50 22°'5 
3°474 1°785 14°70 8°26 21°6 
4°516 2°275 19°11 | 10°74 21°2 
Mean 22°6 
63°3 24°99 0°2240 0°112 0°910| 0512 21°9 
0°4968 0°258 2°02 1°18 22°7 
0°9260 0°472 3°76 2°11 22 3 
1°546 0°787 6°29 3°53 22°3 
2°477 1°240 10°07 5°65 21°9 
Mean 22°22 
Benzophenone. 
63°3 | 22-7 | 02450 | 0-128. | 1-08 | 0-593 | 21°6 
0°5804 | 0°308 2°56 | 1°40 21°6 
1°160 0-604 5°11 2°81 21°5 
1°919 0°973 8°45 4°64 21°0 
| 2°974 1°490 13°10 7°20 20°7 
3°847 1°912 16°94 9°31 20°5 
Mean. 21°40 
63°1 21°63 0°2914 0°170 1°37 0°754 226 
0°7286 0°406 3°43 1°89 21°5 
1:4308 | 0°793 694 | 38°71 21°4 
2°163 1171 10°16 5°47 21°4 
3°226 1°703 15°18 8°35 20°4 
Mean 21°72 
Phenanthrene. 
‘ } 
‘70-8 | 22°19 | 0-2490'| 0-159 | 1:14 | 0-642 | 24°8 
: 0608 0°371 2°79 1°57 237 
1217 :| 0-442} 5°58 3°14 23°7 
2162 ;| 1:°289 9°92 5°57 23°1 
3°247 || 1°878 | 14°89 | 8°37 22°4 
? 4°224 ;| 2°404 19°38 | 10°89 22°1 
Mean. 23°5 
{ 
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11 


12 


13 


14 


61°28 


75°7 


75°3 


73°2 


732 


80°2 


80°0 


Phenanthrene (continued). 


or 


6. 


22°19 | o-2280 0°137 
0°4970 0°304 
| 0929 0°573 
| 1°507 0°917 
| 2175 | 1-804 
| 2°940 1°738 
Benzophenone. 
| 
22°19 | 0°3202 | 0-174 
| 06920 | 0°401 
1182 | 0°681 
| 1946 | 1-130 
| 2°723 | 1'563 
is 
Phenanthrene. 
| | 
22°19 | 0°1866 | 0-118 
| 0°3884 0°250 
| 0°6824 0°447 
| 1°184 0°782 
| 1°648 1°062 
| 2610 | 1°647 
| 
Benzophenone. 
22°19 | 0°3614 0°225 
0°8166 0°490 
1°2330 0°740 
1°688 1°019 
2°724 1°622 


| 
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0°575 
1°28 
2°39 
3°89 
5°61 
7°58 


Mean... 


0°807 
1°74 
2°98 
4°91 
6°87 


Mean... 


0°481 
1°00 
1°40 
3°05 
4°25 
6°73 


Mean... 


0°91 
2°06 
3°11 
4°26 
6°87 


Mean... 


23°8 
23°7 
23°6 
23°6 
23°3 
22°9 


23°6 


21°6 
23°0 
22°8 
23°0 
22°8 


22°95 
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Tasie I. (continued). 


Benzil. 


15 75°5 80°1 22°19 | 0°2556 | 0°124 117 0°558 22°2 
| 0°5626 | 0°282 2°58 1°23 22°9 
| 0°960 0°493 4°41 2°10 23°5 
| 1°767 0°902 8°11 3°86 23°4 
| 2°975 1°479 13°6 6°50 22°7 
| 4°354 2°126 20°0 9°49 22°4 


Mean...) 23°3 


Phenanthrene. 


16 79°7 82°4 22°19 | 0°1836 | 0°123 0°843 | 0°474 25°9 
0°3978 | 0°257 1°83 1°08 25°0 
0°741 0°476 3°40 1°91 24°9 
1°060 0°691 4°86 2°73 25°3 
1°660 1°056 7°62 4°28 24°7 
2°251 1°415 10°33 5°80 24°4 


Mean...| 25°0 


17 79°2 82°0 22°19 | 0°2094 | 0°133 0°959 | 0°538 24°7 
0°4496 | 0°285 2°06 1°16 24°6 
0°857 0°550 3°94 2°21 24°9 
1°446 0°925 6°64 3°73 24°8 
2°213 1°370 10°16 5°70 24°0 
3°046 1°894 13°98 7°85 24°1 
4°231 2°541 19°4 10°9 23°3 


Mean...) 24°8 


Benzophenone. 


18 79°2 82°0 22°19 | 0°2290 | 0°135 1°05 0°577 23°4 
0°4706 | 0°278 2°16 1°19 23°0 
0°767 0°446 3°52 1°93 23°1 
1°165 0°669 5°35 2°94 22°8 
1°672 0°967 7°67 4°22 22°9 
2°488 1°408 11°4 6°27 22°4 
3°327 1°894 15°3 8°39 22°6 


Mean...| 23°0 ; 
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TaBiE I. (continued). 


Phenanthrene. 
Reais | 
} | | | 
19 | 1082 92°8 | 22°19 | 02800 | 0-199 1:28 | 0-722 | 27% 

0°5670 | 0402 2°60 | 1°46 27°5 
1001 | 0°708 4°59 | 2°58 27°4 
1531 | 1°070 7°03 | 3°95 27°1 
2-268 | 1°565 | 10-4 5°85 26°8 
| 3-167 | 2138 | 14:5 | 8°17 26°2 
4-271 | 2°819 | 196 | 11°0 25°6 

Mean...| 273 

| 

Benzophenone. 

20 | 109°0 | 93°1 22°19 _ | o197 | 136 | 0-745 | 26-4 
| 0°6452 | 0°427 2°96 | 1°63 26°3 
| 1:076 | 0°717 4°94 | 2°71 26°4 
| 1599 | 1:°073 7°34 | 4°08 26°6 
| | 2-169 | 1-405 | 995 | 5:47 | 95-7 
| | 2°871 | 1843 | 18-2 7°24 25°5 
| ene 
| Mean...| 26°4 
| | 

Benzil. 


21 | 109°0 93°1 22°19 | 0°3026 | 0°184 1°39 | 0°661 27°8 
| 0°613 | 0°352 2°81 | 1°34 26°38 
| 0998 | 0°579 4°58 | 2°18 26°6 
| 1°548 0 876 710 | 3°38 25°9 
| 2556 | 1°4038 | 11°7 5°58 25°1 
| 3613 | 1°940 | 166 7°90 24°6 


Mean...| 26°2 


u 
a 


The values of the molecular rise of boiling point given in the pre- 
ceding tables, as well as the molecular weights to be given subsequently, 
are all calculated with 0°4 gram less solvent than was actually 
taken, to allow for the solvent adhering to the upper parts of the tube 
and for that in the state of vapour. 

Three series of determinations were carried out with diphenylamine 
at 48°. Two of these gave.values for + which rose or fell considerably 
With the concentration. The pump could only further reduce the 
Pressure slowly, this may perhaps account for the error. All the 
experiments carried out, with the exception of the above-mentioned 
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series, and of two in which the tap failed to act for lack of sufficient 
grease, are given in the above tables. 

On examination of the numbers, it will be noted that for concentra- 
tions of less than 6/100 gram-molecules per 100 grams of solvent, the 
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values for + change but little. These values were used for calcu- 
lating the mean molecular rise, and the first determination was not 
included in the mean if the rise of boiling point was less that 0:1. 

The agreement in the double series carried out with phenanthrene 
and benzophenone is most satisfactory. The mean values for r never 


Fic. 3.—Benzophenone, 
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differ by more than 0°3, and for solutions of similar concentration the 

agreement for single determinations is, in many cases, within 0°1. 
The regularity of the results obtained at different temperatures is 

well shown by the curves got by plotting 7 against the concentration 
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expressed in 1/100 gram-molecules of substance per 100 grams of 
solvent (Figs. 2 and 3). The curves are practically parallel ; those for 
phenanthrene show a slight but distinct downward tendency, whilst 
the benzophenone curves are almost horizontal. 

The variation of r with temperature is shown clearly by plotting 
the values of r for each substance at different temperatures against 
the temperature. This is done in Fig. 4. The curve for 7, calculated 
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Temperature. 
from the latent heat (calculated A) and from Ramsay and Young’s 


determinations of the vapour pressures (calculated B), are also given. 
Below is a table of the data from which these were calculated : 


Taste II. 
Temperature, Heat of vaporisation in | RTL. 
gram cal. 
ee er 
50° 100°4 21°1 
60 988 22°5 
70 96°0 24°4 
80 93°7 26°5 
90 91:2 | 28°8 
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TaBLe II (continued). 


| } 
| | 
Pressure in Mean Mp 
Temperature. vay | dp/dt. | pressure. M. dpjat 
& =e, ion = ne ee 
| 
eo *02 | | 
. | ae | 0-881 | 99°42 78 =| —s«19°-85 
60 | 38-85 1202 | 82°84 ie | 21°81 
70 | ga-ga | 1596 | 46°88 os 22°89 
=: | 2068 | 65°16 a 24°58 
80 | 75°50 | : _ 
90 | 400-8 | 2530 | 881 " | 27°17 
| 0.07 | - | ~ 
100 | 88-5 3°27 11771 re | 27°96 
110 | 173°9 4°04 | 158-7 as | 29°68 


Mean Values of the Molecular Rise of Boiling Point at Different 


Temperatures. 
54°, 58°. 63°. yy fl 80°. 93°. 
Calculated A ...... 21°6 20:2 | 230 | 250 26°5 29°5 
Caleulated B ....... 21°05 316 | B84 24°25 25°5 27°8 
Phenanthrene ..... 21°0 — | 224 23°55 25°25 27°3 
Benzophenone ...... 20°17 — | 216 22°95 23°8 26°4 
a — 21°0 _— — 23:3 26°2 
General mean for 
henanthrene and 
nzophenone ... 20°6 —_— 22°0 23°25 24°1 26°9 


The molecular rise of boiling point, calculated from the variation of 
vapour pressure with temperature, forms, when plotted against the 
temperature, a very regular curve from —5° to +145°, the 
values increasing somewhat more rapidly than the temperature. 
The only value which does not lie well on the curve is that at 85°. 
This deviation is accounted for by the fact that the vapour pressures 
below and above 80° were determined in two separate researches (by 
Ramsay and Young, and Young respectively). In Young’s paper, the 
vapour pressures calculated by means of Biot’s formula and constants 
calculated from his own measurements are given. The calculated vapour ] 
pressure at 80° is smaller than that found by direct experiment, and 
is larger at 90°; although the differences are small, dp/dt is decreased 


considerably. If + be calculated from the pressures given by Biot’s 
formula for 80° and 90°, the value obtained falls well on the curve. 
This is shown by the dotted portion of the curve. 
The molecular rise found at the various temperatures using phenan- | 
threne as dissolved substance, agree closely with those calculated from 
the vapour pressure, the greatest difference being a little more than 2 
percent. The molecular rise with benzophenone is considerably smaller 


——, 
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than with phenanthrene. If smoothed curves be drawn, it will be seen 
that the difference is nearly the same at the different temperatures 
and amounts to about 0°8. It is well known that different values are 
obtained for the molecular rise at atmospheric pressure according to 
the substance dissolved, even though the substances cannot be con- 
sidered as abnormal in the ordinary sense. That this difference is not 
due to association in the case of benzophenone is shown by the fact 
that the molecular rise does not decrease with concentration. It is 
interesting that the two closely related substances, benzophenone and 
benzil, give curves which agree closely with one another. 

The molecular rise calculated from the heat of vaporisation is greater 
than that calculated from the variation of vapour pressure with tem- 
perature. The molecular rise found by direct experiment agrees much 
better with that calculated in the latter manner: a result which was 
hardly to be expected. 

Abnormal Substances. 

Columns 1 to 8 have the same meaning as in Table I (p. 688), 
column 9 gives the molecular weight found. The molecular weights 
are calculated with the mean molecular rise for phenanthrene and 
benzophenone : 


TaBLeE III. 
1 | 2 3 4 b. ‘ 7 8 9 
eo 
| | | 
| 
Benzoic Acid, C,H,O, = 122. | 
| 
22 | 31:0 53-7 | 24°21 | 01516 | 0°059 | 0-637 | 0°522 | 299 
| 0°3373 | 0135 | 1-42 | 1:16 | 998 
05636 | 0213 | 2°37 1°94 236 
| 1°2550 | 0°460 | 5°27 4°32 | 243 
| 1616 | 0585 | 6°78 5°56 | 248 
2°262 | 0°825 | 9°50 7°78 245 
3001 | 1:083 | 12°60 | 10°33 247 
23 | 483 63°1 | 22°19 | 0°1210 | 0°066 | 0°555 | 0°455 185 
02910 | 0°148 | 1°38 1°09 205 
05294 | 0-254 | 2°43 1°99 210 
| 0926 | 0°416 | 4°25 3°48 225 
| 1501 | 0°655 | 6°89 5°65 231 
| 22724 | 0°984 | 10-42 8°54 233 
24 61°3 73°2 22°19 | 0°1806 | 0°106 0°829 | 0°679 182 
0°3680 | 0-202 | 1°69 1°38 194 
0°6402 | 0°333 | 2°94 2°41 205 
0905 | 0°465 | 4°15 3°40 207 
1324 | 0660 | 6°07 4°98 214 
1'813 | 0889 | 8°32 6°82 218 
2°527 | 1°208 | 1160 9°50 223 
| 3-285 | 1°538 j 154 1236 | 298 
dia A | 
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TaBLe IIT. (continued). | 


1. eT Ss 4, 5. | 6. 7 ees 
Benzoie Acid, C,;H,O, = 122 
| | (continued). 
| | 
25 | 756 | 80-1 | 22°19 | 0°3480 | 0°209 | 1°57 | 1°29 181 
| | 0°7016 | 0-403 | 8°22 2°64 192 
| | 1026 | 0563 | 4°71 3°86 201 
| | 1391 | 0°743 | 6°38 5°23 206 
| 2°052 | 1:070 | 9-42 | 7°72 211 
| | | 2836 | 1441 | 18°0 | 10°7 217 
| | 4287 | 2088 | 19°7 161 226 
| | 5924 | 2°823 | 27-2 | 22:3 231 
26 | 1090 | 9371 | 22-19 | 02894] 0-181 | 1°38 | 1-09 194 
| 0°5898 | 0°359 | 2°71 | 2:22 200 
| 0948 | 0560 | 4:35 | 3°57 206 
| | | 1426 | 0809 | 6°54 5°36 215 
| 2196 | 17199 | 10°08 | 8-26 223 
3°252 | 1706 | 14°9 12°24 | 282, 
| | 4:947 | 2:486 | 22:7 18°61 | 247 
} 


Benzoic Acid. 


The results obtained are graphically expressed in Fig. 5. The tem- 
perature at which each series was carried out is shown. The curve for 


Fig. 5.—Benzoic acid, C,HgO,. Mol. wt.=122. 
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benzoic acid in benzene (Beckmann, Zeit. physikal. Chem., 1888, 2, 729) 
is also given. The freezing point of benzene is 5°4°, The values 
obtained by the boiling~point method at 54° agree closely with those 
by the freezing point method. The curve at 63° lies much lower than 


Molecular weight. 
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that at 54°, the difference being greatest in dilute solution, the differ- 
ence between the curves decreases up to 80°. The 93° curve lies higher 
than that for 80°. The agreement in the molecular weights at 54° 
and 54° does not necessarily show that there is no change of association 
between these temperatures. It is well known that benzoic acid 
volatilises considerably at temperatures below 100°, and it boils at 134° 
under 12 mm. pressure. If the benzoic acid had a vapour pressure 
of between 3 and 4 mm. in a solution containing 6/100 gram-mole- 
cule per 100 grams benzene, this would raise the apparent molecular 
weight about 10 per cent., that is, more than 20 units. The apparent 
decreasing effect of change of temperature on the association as the 
temperature rises may be due to increase of vapour pressure of the 
benzoic acid with temperature, and the fact that higher values were 
obtained at 93° than at 80° might be due to the same cause. 

Although the unknown influence of the vapour pressure detracts con- 
siderably from the value of the results with benzoic acid, it may safely 
be said that increase of temperature brings about a decrease of associa- 
tion between 54° and 80°, since the change of vapour pressure of the 
benzoic acid would tend to bring the molecular weights at different 
temperatures nearer together : 


TaBLE IV. 
| 
1. 2. 3. 4, | 5. 6. 7. 8. 9. 
eae | 
o-Bromobenzoic Acid, C,H,O,Br = 201. 
22 35°8 57°8 22°19 | 0°3872 | 0°124 1°78 0°884 307 
0°885 0°262 4°06 2°02 832 
1°341 0°382 6°15 3°06 345 
1°914 0°521 8°78 4°37 361* 
23 75°35 80°0 22°19 | 0°5388 | 0°193 2°47 1°23 807 
1°074 0°364 4°93 2°45 $25 
1°599 0°529 7°34 3°65 333 
2°382 0°758 | 10°7 5°44 846 
3°176 0989 | 14°6 7°25 354 
4°225 1°278 | 19°4 9°64 364 
24 109°0 93°1 22°19 | 0°3732 | 0°167 1°71 0°851 271 
0°682 0°288 3°13 1°56 288 
1'216 0°475 5°58 2°78 811 
1°786 0°668 8°20 4°08 825 
2°600 0°910 | 11°93 5°93 348 
3°748 1°268 | 17°2 8°56 360 
5°056 1°650 | 23°2 11°54 373 
6°775 2°158 | 311 15°5 382 


* The substance apparently dissolved completely, but further addition of sub- 
stance caused no increase of boiling point. 
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o-Bromobenzoic Acid. 


Three series of determinations were made with this substance at 
58°, 80°, and 93° respectively. The o-bromobenzoic acid was not 
sufficiently soluble to make a series of determinations at the freezing 
point. From the curves (Fig. 6), it will be seen that the molecular 
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weight at 80° is, for similar concentrations, considerably smaller than 
at 58°, and the difference increases with the concentration. In dilute 
solutions, the 93° curve lies considerably below that for 80°, with 
increasing concentration, the curves approach one another and finally 
become practically parallel : 


TABLE V. 


| | B-Benzilmonoxime, C,,H,,0,N = 225 

| | | 
25 | 35°38 | 57:8 | 21°96 | 03852) 0185 | 179 | 0-794 231 
| | 0-750 | 0-320 | 3°48 | 1°55 259 
| | 1115 | 0°441 5°17. | +«2°80 280 
| 1°575 | 0°591 | 7°31 3°24 295 
| | 20383 | 0-716 | 948 | 4°19 314 
| 2°643 0°880 | 12 26 | 5°45 332 
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TaBLe V. (continued). 


| B-Benzilmonoxime, C,,H,,O,N = 225 
(continued), 


26 75°5 800 22°19 01680 | 0°072 0°762 0°339 249 
* 0°339 0°151 1°56 0°692 243 

0°520 0°233 2°39 1°06 242 

0°897 0°389 4°12 1°83 350 

1°427 0°593 6°55 2°91 261 

2°019 | 0°812 9°26 4°12 269 


27 | 109°0 931 | 22:19 03670] 0°180 | 1°68 | 0°748 | 249 
0718 | 0350 | 3380 | 1°46 251 

1034 | 0°488 4°74 2°11 259 

| 0723 | 7°39 | 3°28 273 

2097 | 0°896 | 9°54 | 4°24 284 
2700 | 1097 | 12°39 | 5°51 301 


B-Benzilmonoxime. 


Determinations were carried out at 58°, 80°, and 93°. In the table 
of curves, the molecular weights found by the freezing point method in 
benzene (Auwers, Zeit. physikal. Chem., 1893, 12, 701) and in naph- 
thalene (Innes, Inaug. Diss. Heidelberg, 1896) are also given. De- 
terminations with more concentrated solutions in benzene could not 
be carried out at the freezing point, because of the small solubility of 
the substance. £-Benzilmonoxime crystallises with benzene of ecrys- 
tallisation, the formula of the compound is 2C,,H,,0,N,C,H,. The 
abnormality in benzene might be considered to be due to the formation, 
in part, of this compound. It is impossible to decide in the present 
state of our knowledge whether this is really the case ; it seems more 
probable, however, that the combination with the solvent does not 
affect the molecular weight to an appreciable extent in this instance. 

From the curves (Fig. 7, p. 703), it will be seen that the association 
of B-benzilmonoxime decreases considerably with rise of temperature 
up to 80°, the association then seems to increase, the 93° curve lying 
somewhat higher than that for 80°; the greatest difference is about 
4 per cent. : 
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te 
TABLE VI, - 
cc 
d 
1 2 3 4 5 6. 7 8 9 


28 31°0 53°7 24°74 | 0:3196 | 0°147 1°31 0°74 186 
0°8606 | 0°337 3°53 1°99 218 
1°470 0520 6°04 3°39 242 
2°057 0°662 8°45 4°75 266 
2°898 0°821 | 11°91 6°69 802 
4°000 1°000 | 16°43 9°23 342 
29 43°3 63°1 22°19 | 071704 | 0°083 0°984 0°553 207 
0°4402 | 0°214 2°02 1'13 208 
0°816 0°367 8°74 2°10 225 
1°355 0°556 6°22 3°49 246 
2°086 0°764 9°57 5°38 276 


2°917 0°957 | 13°39 7°52 307 
3°932 1156 | 18°04 10°14 343 
5°122 1°344 | 23°51 13°20 885 


30 61°28 73°2 22°19 | 0°2966 | 0°162 1°36 0°962 195 
0°6744 | 0°339 3°09 1°74 212 
1°207 0°567 5°54 3°11 227 
1°836 0°794 7°51 4°22 247 
2°894 1091 | 11°34 6°65 283 
4°134 1°371 | 16°90 9°50 322 
5218 1°571 | 21°31 11°98 354 
6283 1°751 | 25°69 14°44 383 


| 0-159 | 1°28 | 0-69 | 185 
| 0°5528 | 0301 | 2°54 | 1°42 | 202 

0-990 | 0500 | 4:54 | 255 | 218 
| 1662 | 0-751 | 7°68 | 4:38 | 244 
| 2528 | 1029 | 1160 | 651 | 271 

3919 | 1371 |180 | 11°2 315 
1592 | 281 | 14°35 | 348 
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82 109°0 93°1 22°19 | 0°4280 | 0°266 1°96 1°10 198 
0°8590 | 0°492 3°94 2°215 | 215 
| 1°459 0°780 6°69 3°76 230 
| 2°002 0°997 9°18 5°16 247 
3°103 1°351 | 14°24 8°00 282 
4°170 1°613 | 19°14 10°75 318 


Dimethyl Tartrate. 


With increasing dilution the molecular weight of dimethyl tartrate 
tends towards the same value at the various temperatures, the mole- 
cular weight found being in every case near the normal (Fig. 8, p. 705). ; 
In more concentrated solution the molecular weight decreases with rise 
of temperature between 54° and 79°, the decrease increasing with the 
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temperature. The molecular weight at 93° is lower than that at 79° 
in solutions of moderate concentration, but the curves cross at a 
concentration of 8°7/100 mols. The curves are all slightly concave 
downwards, with the exception of that at 93°, which is almost straight. 


Fic, 7.—B-Benzilmonoxime. 
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The degree of concavity increases with the temperature up to 79°. An 
attempt was made to carry out a series of determinations of the 
molecular weight by the freezing point method. Only one determina- 
tion could be made ; at higher concentrations the substance sometimes 
separated out : 
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Freezing Point Method. 
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‘ . _ Substance Mols. /100 
— og — ra _ . he per 100 grams|per 100 gramsj Mol. weight. 
r cai ‘ - solvent. solvent. 
10°0 0°197 07189 i a 271 


The association of all the substances examined decreased with rise 
of temperature up to 80°. 

Thermodynamical reasoning shows that association may either 
increase or decrease with temperature, according as the heat of dis- 
sociation is negative or positive. Further, the heat of dissociation 
may change its sign with increase of temperature; if this change 
is from positive to negative, the dissociation increases up to the 
temperature at which the heat of dissociation is zero, then decreases. 
Instances of such a change have been observed for ionic dissociation 
by Arrhenius, and it is probable that among gaseous substances car- 
bon dioxide, CO,, silicon hydride, SiH,, and selenium hydride, SeH,, 
behave thus at high temperatures. The observed molecular weight 
of benzoic acid and of B-benzilmonoxime is greater at 93° than at 80° 
for all concentrations ; that of o-bromobenzoic acid and of dimethyl 
tartrate is smaller in dilute solutions, in more concentrated solutions, 
the molecular weight of the former is the same at both temperatures, 
whilst that of the latter is greater at the higher temperature. This 
apparent decrease of dissociation with rise of temperature may possibly 
be due to a change of sign in the heat of dissociation. It does not, 
however, seem probable that this is the true explanation. If a change 
of sign actually occurred, we should expect this to take place ata 
different temperature for each substance. Further, increase of tem- 
perature brings about an increasing amount of dissociation of dimethyl 
tartrate up to 80°; that a further increase of 14° in the temperature 
should cause a decrease of dissociation is extremely improbable. The 
fact that the experiments at 93° were carried out at increased pressure, 
whilst those at the other temperatures were at reduced or atmospheric 
pressure, suggests that the high molecular weights at this temperature 
may be due to an error in the method. The constancy of the value of 
the molecular rise of boiling point at different concentrations for each 
of the three substances examined, as well as the position of the 
molecular rise of boiling point at this temperature on the temperature 
curve (Fig. 4), seems to show that the method is as accurate at in- 
creased as it is at reduced or atmospheric pressure. It does not seem 
probable that the increase of molecular weight at 93° is due to the 
influence of the solvent. 
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The heats of dissociation (Q) of 8-benzilmonoxime, benzoic acid, and 
o-bromobenzoic acid from double to single molecules were calculated by 
means of the equation : 


a _% Ql 1 
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in which x, is the degree of dissociation at the absolute temperature 7; 
” a) ” ” ” ” 7; 
»  V, is the volume occupied by one gram-molecule of the sub- 
stance calculated as double molecules, at the temperature 7, 
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in which V, is the volume occupied by one gram-molecule of the sub- 
stance calculated as double molecules, at the temperature 7, | 
is VY was taken as the volume of benzene in litres in which one L} 
gram-molecule of the substance, calculated as double mole- 
cules, was dissolved, and V, as equal to V,. 
»  & was calculated by a slight modification of the equation used 


to calculate the degree of dissociation of a gas from its Ov 

, M—-m 4 : bu 

density. w=- . MM is the molecular weight of the : 

m Wi 

double molecule, m the molecular weight found. ck 

; it 

The following data were used : p 

— tl 

| Mols. | | t 

aoe ‘| Mm, | Mg, | X}. Ly. T}. T's. V. Q. i" 

ee _ a $$$ — —— c 

| 

B-Benzilmon- | 1:73 | 356 | 264 0358 0-704| 278 | 331 |13 | 14600 

oxime ......... 7 264 | 249 | 0°704 | 0°807| 331 | 353 |14 | 19900 
o-Bromobenzoic f| 3°00 | 344 | 328 | 0-169|0-232| 331 | 353 | 8-18| 7500 

a 2-00 | 382 | 318 | 0-211 | 0-264] 331 | 353 |12°3 | 5300 
Benzoic acid ...... 3°00 | 220 | 195 | 0°117 | 0°251/) 336 | 353 8°18 | 23000 


The heat of dissociation of gaseous N,O, (¢,=26°7°, ¢,=111°3°) is 
12,900 calories ; that of iodine vapour, 28,500 cal. ; acetic acid, 20,000 
cal., and dimethyl ether hydrochloride, 8600 cal. It thus appears that 
the heat of dissociation of a substance in solution is of the same order 
as that usual for a vapour. The above result adds another instance 
to the many already known of the close analogy between the behaviour 
of a substance in solution and in the state of vapour. 


The above experiments were carried out in the Chemical Laboratories 
of the University of Birmingham. I should like to take this oppor- 
tunity of thanking Professor Percy Frankland for his kindness in 
supplying most of the apparatus required for the experiments. 
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LXXIIl.—The Preparation of Absolute Alcohol from 
Strong Spurit. 
By Sypney Youne, D.Sc., F.R.S. 


Ow1ne to the fact that ethyl alcohol, like n-propyl, isopropyl, and éeré.- 
butyl alcohols, although miscible with water in all proportions, forms 
with it a mixture of constant boiling point which distils without 
change of composition at a temperature lower than either component, 
it is impossible by any process of fractional distillation to separate the 
pure alcohol from a dilute solution. All that can be done is to separate 
the mixture of constant boiling point on the one hand, and water on 
the other, from the solution. In the case of the other alcohols 
referred to, if we remove a portion of the water from the mixture of 
constant boiling point by some other method, then by fractional distil- 
lation of the stronger alcohol with a very efficient still-head we can 
effect its separation into the pure alcohol and the mixture of constant 


fe point. 
ure ethyl alcohol, however, boils less than 0°2° higher than the 
mixture of minimum boiling point, and such a separation is therefore 
impracticable. 

The method which has invariably been employed to prepare absolute 
alcohol is to treat the strongest spirit obtainable by distillation with a 
dehydrating agent, and the action of such agents has been studied by 
many investigators, notably by Mendeléeff and by Squibb. 

In his classical paper on this subject, Mendeléeff (Ann. Phys. Chem., 
1869, [ii], 138, 230) discusses the behaviour of different dehydrating 
agents and concludes that freshly ignited lime is the only substance 
capable of giving good results, and that even when lime is employed 
special precautions must be taken. 

The results obtained by Mendeléeff with four different specimens 
show excellent agreement, the greatest difference from the mean sp. gr. 
at 0°/4°, 0°806254, being only 0°000011, but Mendeléeff himself states 
that when the alcohol was freshly distilled over lime he noticed an 
ethereal odour which, however, disappeared on repeated distillation, 
although the sp. gr. remained unchanged. The value 0°80625 has 
been almost universally adopted as the correct sp. gr. at 0°/4°, but 
Squibb (J. Amer. Chem. Soc., 1893, 15, 126) has obtained even lower 
values by slow percolation through lime. In an earlier investigation, 
Squibb had found the sp. gr. 0°79350 at 15°6°/15°6°, which corresponds 
to 0°80581 at 0°/4°, but in the paper referred to he states that after 
long contact with lime and subsequent percolation many times through 
an improved apparatus, alcohol was obtained with a somewhat higher 
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specific gravity. The results were not perfectly concordant, the mean 
of the best being given as 0°793562 at 15-6°/15°6°, corresponding to N 
0°80587 at 0°/4°. Squibb states that in his opinion absolute alcohol 

had not yet been obtained. 

When two liquids of different chemical type are distilled together, a — 
definite mixture of minimum boiling point in many cases distils over 
first, the last portion of the distillate consisting of that component 
which was originally present in excess. Ethyl alcohol may be regarded 
as a derivative of water and as belonging to the water type H:O-C,H,, 
or as a derivative of ethane, or, more generally, of a paraffin, O,H,-OH. 
In its properties, it exhibits analogies in some respects to water and in 
others to the paraffins. Most dehydrating agents which react or com- 
bine with water behave in a somewhat similar manner towards the 
alcohols, though to a less degree, and to a diminishing extent as the 
molecular weight increases, and this accounts for the unsatisfactory 
results obtained with them. Thus phosphoric oxide gives phosphoric 
acid with water, and a mixture of ethyl hydrogen phosphates with 
ethyl alcohol; with barium oxide, water forms barium hydroxide, 
whilst ethyl alcohol forms, according to Forcrand, a compound 
3Ba0,4C,H,O ; sodium acts in precisely the same way on the alcohols 
as on tater, but the intensity of the action diminishes rapidly as the 
complexity of the alkyl group increases; calcium chloride forms a 
crystalline hexahydrate with water, and a crystalline tetra-alcoholate 
with methyl or ethyl alcohol; the behaviour of anhydrous copper 
sulphate is striking ; it dissolves rapidly in water, and, on evaporation, 
crystals of CuSO,,5H,O are deposited ; in methyl alcohol, it dissolves 
slowly, but to a considerable extent, giving a blue solution from which, 
according to Forcrand, greenish-blue crystals of CuSO,,CH,O may be 
obtained; anhydrous copper sulphate is, however, quite insoluble in 
ethyl alcohol, and will extract some water from strong spirit, but it is 
not a sufficiently powerful dehydrating agent to remove the whole. 

If we compare the homologous normal primary alcohols together, we 
find that in other respects also, as the molecular weight rises, the alkyl 
group has increasing, and the hydroxyl group diminishing, influence, | 
and that the properties recede from those of water and approach those 
of the corresponding paraffin. The table of boiling points on p. 709 
shows this clearly. 

Thus methyl alcohol boils only 353° lower than water, but 228° 7° 
higher than methane, whilst cetyl alcohol boils 244° higher than water, 
but only 56°5° higher than the corresponding paraffin. Again, whilst 
methyl, ethyl, and propyl alcohols are miscible in all proportions with 
water, butyl alcohol is only partially miscible, and cetyl alcohol is 
practically non-miscible with water. p 

Lastly, while a mixture of methyl alcohol and water distils normally, 
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Boiling points. 
Number of 
carbon = |— ] 
atoms. / Paraffin. | 4. Alcohol. | Water. 
1 — 164° + 228°7° +64°7° | — 35°3° 100° 
2 — 93 171°3 783 | -217 — 
3 — 45 142°4 97°4 —2°6 = 
4 +1 116°0 117°0 | +17°0 — 
5 36°3 101°7 138°0 | 38°0 -- 
6 69°0 88°0 157°0 57°0 a 
7 98°4 77°6 176°0 76°0 ~ 
8 125°6 70°4 196°0 96°0 — 
16 287°5 56°5 344°0 244°0 _ 
} 


both components being easily separated, ethyl and propy] alcohols form, 
with water, mixtures of minimum boiling point, and the behaviour of 
butyl alcohol and water approaches that of two non-miscible liquids. 

We cannot well study the miscibility of the alcohols with the 
corresponding paraffins, because the first four are gaseous at the 
ordinary temperature and most of them are difficult to prepare in a 
pure state. Normal hexane, however, can be obtained without much 
difficulty, and we find that, although the lowest alcohols are miscible 
with this hydrocarbon in all proportions, they form with it mixtures 
of minimum boiling point. Benzene is much more easily obtained than 
hexane, and behaves in a similar manner. The behaviour of mixtures 
of benzene with the lower alcohols has been studied by Miss Fortey 
and myself, and is fully considered in a separate paper ; it will be 
sufficient here to state that whilst methyl, ethyl, isopropyl, n-propyl, 
tert.butyl, and isobutyl alcohols form mixtures of minimum boiling 
point with benzene, isoamyl alcohol does not. 

Thus ethy] alcohol forms mixtures of minimum boiling point, both 
with water and with benzene (or hexane), whilst benzene and water 
are practically non-miscible and distil over together at a temper- 
ature lower than the boiling point of either pure liquid; it 
seemed reasonable to expect that a particular mixture of all three 
liquids would boil constantly at a still lower temperature. The original 
mixture would, in that case, tend to separate on distillation into three 
instead of two fractions :—(1) a definite mixture of all three liquids 
boiling at a lower temperature than any of the three components, or 
than any mixture of any two of them; (2) a mixture of two com- 
ponents boiling at a lower temperature than any single one ; (3) that 
component which was originally in excess. 

When aqueous alcohol is distilled with a dehydrating agent, the 
water is more or less completely retained in the still, the dried alcohol 
Passing over as the distillate ; if, however, a mixture of ethyl alcohol, 
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benzene, and water behave as suggested above, it should be possible to 
reverse the process, the water being carried over in the first part of 
the distillate and pure alcohol coming over last. Such a method would 
be advantageous for this reason, among others, that it is almost always 
easier to separate the least volatile component of a mixture in a pure 
state by distillation than the more volatile components. These antici- 
pations were fulfilled, and it was, in fact, found possible to eliminate 
the water from strong spirit by distillation with benzene. 

In all the experiments carried out in connection with this investiga- 
tion, I have had the advantage of the able co-operation of Miss E. OC, 
Fortey, B.Sc. 

The following table gives the boiling points of ethyl alcohol, benzene, 
and water, and of the mixtures of constant boiling point that they can 
form, also the composition of these mixtures. 

The benzene-water values were calculated from the known vapour 
pressures of benzene and water, these two liquids being practically non- 
miscible, and their correctness was confirmed by actual experiments ; 
the other values were determined experimentally : 


Percentage composition. 


Liquid of constant boiling | Boiling 
point. | point. 


Alcohol. Water. | Benzene. 


1. Alcohol, water, and benzene 
(W.A.B.)...; 64°85° 18°5 7°4 | 74°71 

2. Alcohol and benzene ...(A.B.)...| 68°25 32°41 _— | 67°59 
8. Water and benzene...... (W.B.) | 69°25 — |: £8ss — |-29117 
4, Alcohol and water ......(A.W.)...| 78°15 95°57 | 443 
IE iccovevcesscecsssecess (4.)...1 2 100 -— — 
PID rs sixecrces i opacedcendee (B.)...| 80°2 — ,*| — | 100 
a, sc cacacituecnseeies (W.).| 100°0 "4 eS en 

| 

i | 


It will be seen that the lowest boiling point is that of the ternary 
mixture (W.A.B.), so that whatever mixture of the three liquids is dis- 
~ tilled—unless one constituent is present inrelatively very small quantity 
—this ternary mixture will come over first. If there is more than 
sufficient benzene to carry over the whole of the water, and if the 
alcohol is present in excess, the ternary mixture will be followed by 
the binary (A.B.) mixture, and the last substance to come over will be 
alcohol. This is the case, for instance, if we distil a mixture of equal 
weights of benzene and, say, 93 per cent. (by weight) alcohol with a 
very efficient still-head. The distillate is at first turbid, and on 
standing separates into two layers, although the original mixture is 
quite clear ; the temperature remains constant at 64°85° for a long 
time, it then rises slowly, but with increasing rapidity, to the middle 
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temperature, 66°55°, between 64°85° and 68°25°, when the distillate 
ceases to be turbid ; the temperature then rises more and more slowly, 
and becomes nearly steady for some time at or a little below 68°25°, 
when the binary (A.B.) mixture comes over. Then the temperature 
rises again with increasing rapidity, and very ragidly indeed as it passes 
the middle temperature, 73°3°, between 68°25° and 78°3°; afterwards, 
the rise becomes slower and slower until the boiling point of aleohol is 
reached. 

It should thus be theoretically possible to carry over the whole of 
the water in the first fraction and to remove the whole of the remain- 
ing benzene in the second, leaving pure alcohol in the last. It will, 
however, be noticed that the difference between the boiling points of 
the ternary (W.A.B.) mixture and the binary (A.B.) mixture is only 
3°4°, so that the separation is a difficult one and in practice it was found 
that even when the mixture was distilled through an 18 column 
Young and Thomas dephlegmator at the rate of 1 drop per second, 
the alcohol in the final distillate, though containing the merest trace 
of benzene, still retained about 1:4 per cent. of water as compared 
with 7°4 per cent. in the original alcohol. 

By redistilling the partially dehydrated alcohol once or twice with a 
further quantity of benzene, the water could, however, be finally 
eliminated. 

It is convenient to collect the distillate in four fractions :— 

I. From 64°85° to about 67°5°. This consists mainly of the ternary 
(W.A.B.) mixture. 

II. From 67:5° to about 73°. This consists chiefly of the binary 
(A.B.) mixture. 

III. From about 73° to 78°3°. The distillate should be collected in 
III for a little time after the temperature has become constant at 
78'3° to remove the benzene as completely as possible. This fraction 
is much richer in alcohol than II; it should be relatively very small 
in amount, é 

IV. The dehydrated alcohol ; it is not essential that this should be 
distilled, it may simply be run off from the still. 


Fraction I, boiling at 64°85° to about 67°5°. 


This distillate is turbid and separates into two layers, the smaller 
(and usually but not necessarily the lower) layer consisting of water, 
a good deal of alcohol, and some benzene, the larger layer consisting of 
benzene with a good deal of alcohol and a little water. On adding 
more water, shaking, and allowing to stand, two layers are again 
formed ; the lower one, A, contains most of the alcohol and water with 
very little benzene ; the upper one, B, contains nearly all the benzene 
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with very little alcohol and water. The two layers should now be 
separated and the benzene washed once or twice with water to remove 
the alcohol (and also the water, since aleoholic benzene dissolves more 
water than pure benzene) more completely ; the water may be added 
to A. 

The two liquids, A and B, should now be distilled, preferably with 
an efficient still-head. 

Distillation of A.—On distillation, this liquid tends to separate into 
three fractions: (1) a very small quantity of the ternary (W.A.B.) 
mixture boiling at 64°85°; (2) the binary (A.W.) mixture boiling at 
78°15°; (3) water. The whole of the benzene comes over below 78°15°, 
and this small fraction may be added to other quantities of the ternary 
mixture. The rest of the distillation consists simply in the recovery 
of strong spirit from dilute alcohol. 

Distillation of B.—On distillation, B tends to separate into three 
fractions: (1) a minute quantity of the ternary mixture, but this may 
be absent if the benzene has been very thoroughly washed with 
water; (2) the binary (W.B.) or possibly (A.B.) mixture, also; 
exceedingly small in amount ; (3) pure benzene. 

There is no advantage in keeping the two first fractions separate, 
they may be collected together and added to the ternary mixture from 
other distillations. After the temperature has reached 80°2°, the liquid 
in the still consists of pure benzene and there is no necessity to distil it. 


Fraction II, boiling from about 67°5° to about 73°. 


This distillate is clear and consists chiefly of the binary (A.B.) mix- 
ture, but it contains a little water. Dilute alcohol and benzene might 
be obtained from it by addition of water, but it is more advantageous 
to add it to the next mixture of strong spirit and benzene that is to be 
distilled. If equal weights of strong spirit and benzene are again 
taken and the (A.B.) mixture is added, the alcohol obtained will be 
drier and the quantity a little larger. The fractions obtained in 
this case will be the same as before, but fraction II (b. p. 67°5—73°) 
will be larger. If at any time the quantity becomes too large to 
be made use of in this way, water may be added to a portion and 
pure benzene and strong spirit recovered as described under I. 


Fraction III, boiling at about 73° to 78°3°. 


This fraction should be relatively small; it consists chiefly of 
alcohol with some benzene and very little water. It is not worth 
while to redistil the fraction from a single operation, but the frac- 
tions from a series of distillations should be added together and 
stored until the quantity is large enough to be redistilled. 


ee! 
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On distillation, fraction (1) will be absent or very small ; fraction 
(2) will be fairly large ; fraction (3) about the usual small quantity ; 
fraction (4) large. Thus an additional quantity of partially dehydrated 
alcohol will be obtained. 


Fraction IV, boiling at 78°3°. 


This fraction consists of alcohol containing no more than a trace of 
benzene and nearly free from water. It is impossible to state definitely 
what percentage of water will remain in the alcohol ; the more efficient . 
the still-head, the slower the distillation and the larger the amount of 
benzene originally added, the drier will the alcohol be. 


In this process, the whole of the dehydrating agent, benzene, is re- 
covered except the small amount lost by evaporation. There need also 
be hardly any loss of alcohol. As there is no chemical reaction, there 
is no possibility of introducing any impurity into the alcohol except, 
perhaps, a minute trace of benzene. 

A considerable number of distillations with an 18 column Young 
and Thomas dephlegmator were carried out by this method at the rate 
of 1 drop per second. The alcohol employed was obtained from Kahl- 
baum ; its sp. gr. at 0°/4° was 0°82907, and it therefore contained 7°4 
per cent. of water by weight ; it was quite free from other impurities. 

After the temperature had reached 78°3°, the residual alcohol was 
collected in fractions and the sp. gr. of the first and last were, as a 
rule, determined. The results obtained were as follows: 

(i) A mixture of 325 grams of 92°6 per cent. alcohol (sp. gr. 0°82907) 
and 325 grams of benzene (dried with sodium) was distilled. After 
the temperature had reached 78°3°, the following fractions were col- 


lected : 


Percentage of water 
by weight from 


Weight. Sp. gr. at 0°/4°. Mendeléeff’s data. 
B nsdicniosive 20‘9 grams. 0°81176 1°85 
Dinscinncdaes 85°6 i, — — 
Beis cameunes os oe 0°80976 1:10 
Residue... 22°8 ,, ae — 
1650 _,, 


It is very probable that the first fraction was in this case collected 
a little too soon, and contained a perceptible amount of benzene, which 
would raise its sp. gr. 

(ii) Similar to the first, but the benzene was added in three portions. 
The weight of each liquid was 200 grams, and that of the dehydrated 
alcohol 89:5 grams. The sp. gr. of the first and last fractions 
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were 0°81043 and 0°80946, corresponding to 1°40 and 1:03 per cent. 
of water respectively. 

(iii) A mixture of 254 grams of alcohol of sp. gr. 0°81033 (water 
1°37 per cent.) was distilled with 169 grams of benzene. At 78°3°, 
the results were as follows: 


Weight. Sp. gr. at 0°/4°. Water per cent. 
Ttikaninnee 27°8 grams, 0°80741 0°38 
Tideés reece 483, — _ 
ae 566 ,, 0°80683 0°13 


Residue... 11:5 ,, — mn 


1442 ,, 


(iv) The mixture distilled consisted of 282 grams of 92°6 per 
cent. alcohol, 282 grams of benzene, and 270 grams of binary (A.B.) 
mixture from previous distillations : 


Weight. Sp. gr. at 0°/4°. Water per cent. 
ath ese ree 23°6 grams, = — 
Tethtecer-ens 336, 0°80822 0°62 


Residue... 108°7 __,, — os 


1659 ,, 


(v) To 275 grams of 92°6 per cent. alcohol and 275 grams of 
benzene, 379 grams of a previous distillate collected between 66°5° 
and 78°3° was added: 


Weight. Sp. gr. at 0°/4°. Water per cent. 
Diu tuscords 18°6 grams. — —_ 
Detiksi veces ys aa 0°80789 0°50 
Residue... 121°3__,, —_ — 
163°6 


” 


(vi) The 92°6 per cent. alcohol was first redistilled to remove a 
little water. A mixture of 275 grams of redistilled alcohol, 275 
grams of benzene, and 254 grams of the fraction collected from the 
previous distillation between 67°35° and 78°3° was distilled : 


Weight. Sp. gr. at 0°/4°, Water per cent. 
l......-..... 17°3 grams, — —_ 
ain wate 220 , 0°80761 0°47 


Residue... 1320 __,, — ign 


Wis 4, 
(vii) The mixture distilled consisted of 289 grams of alcohol, con- 
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taining a little more than 0°3 percent. of water and 192 grams of 


benzene : 
Weight. Sp. gr. at 0°/4°. Water per cent, 
E ovsnneenres 12°4 grams, — _ 
Diss anneannns 242 ,, 0°80660 about 0°1 
ae ee ae. « — oe 
Giterisiienans 530 _ si, 0°80638 trace . 
Residue... 15°0_,, _— al 
ty aa 


(viii) A mixture consisting of 99°6 per cent. alcohol, (A.B.) frac- 
tions from previous distillations, and benzene, the whole estimated to 
contain 370 grams of alcohol and 310 grams of benzene, was dis- 
tilled : 


Weight. Sp. gr. at 0°/4°, Water per cent, 
R snacncssnies 20°8 grams, — _ 
Dicicsovedhed 22°99 ,, 0°80673 about 0°11 
Dr senentieies 944 ,, — — 
Davnarivicuns 24°9 ,, 0°80634 dry 
Residue... 39°0 ,, — — 
202°0 


(ix) The whole of the driest alcohol, 371°5 grams, was distilled with 


249 grams of benzene: - 
Weight. Sp. gr. at 0°/4°. 


| EE, Sone ene ee. 26°4 grams, 0°80645 
EE Pees ee 102°3_—=C#=;, — 
| OE SOIT ee a 0°80636 
Residue ......... 25:3, — 

¢ 183°5 


(x) The alcohol from the last distillation, 182°3 grams, was distilled 
with 90 grams of benzene : 


Weight. Sp. gr. at 0°/4°. 
Dinconssneccercosecs 24°6 grams. 0°80644 
aw daewndinnnns tes 204 ,, — 
— ere 36°00, 0°80634 
EE tossenses 140 ow — 
aa 


In the earlier distillations, the sp. gr. of the first portions of alcohol 
that came over at 78°3° was distinctly higher than that of the later 
portions ; weaker alcohol was, in fact, being partially separated from 
stronger alcohol, In later distillations, when the dehydration was 
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more complete, this difference of sp. gr. was considerably less, and in 
the last two it was very small, although still noticeable. 

The sp. gr. of the last and best fraction was nearly the same in the 
last four distillations, 0°80638, 0°80634, 0°80636, 0°80634; mean, 
0°80635. 

The only effect of the eighth distillation was to reduce the differ- 
ence between the sp. gr. of the first and last fractions of alcohol, and the 
redistillation of this alcohol with more benzene produced no further 
change. It seemed probable, therefore, that the whole of the water 
was removed, and that the slight difference in sp. gr. between the 
first and last fractions might be due to a very small amount of residual 
benzene, which, like water, would raise the sp. gr. 

As already stated, n-hexane forms mixtures of constant boiling point 
with alcohol and with alcohol and water, and may be used for dehydrat- 
ing alcohol. It possesses the advantage that the hexane-alcohol mixture 
can be separated very readily by distillation from the dehydrated 
alcohol. Again, when hexane and benzene are distilled together, the 
hexane will carry down more than 10 per cent. of benzene without 
any rise of temperature, a mixture of minimum boiling point—a few 
bundredths of a degree below that of hexane—containing about 5 per 
cent. of benzene, being probably formed. 

It seemed possible, then, that if alcohol dehydrated with benzene 
were distilled with hexane, any minute residual quantity of benzene 
would be carried down in the hexane-alcohol fraction, and that the 
hexane itself could be completely eliminated. If, however, any hexane 
remained, the first fraction should have a lower sp. gr. than the last, 
since hexane is much lighter than alcohol. 

A fresh quantity of alcohol was dehydrated with benzene, and 127°7 
grams of this alcohol (sp. gr. 0°80638 at 0°/4°) were distilled with 
128-4 grams of n-hexane freshly distilled over phosphoric oxide. The 
temperature remained quite constant at 58°65° for a long time, and 
when it changed, the rise to 78°3° was exceedingly rapid. The alcohol 
was, as usual, collected in fractions, with the following results : 


Weight. Sp. gr. at 0°/4°. 
Rienisekbuiidasovbes 22°3 grams. 0:80629 
Eran 137 , we 
Dicctebstssatnvmeds 300, 0°80627 
Residue ......... SS « _ 
748°C, 


The difference between the two sp. gr. was now practically within 
the limits of experimental error, although the tendency seemed to be 
still in the same direction. The value 0°80627 may, I think, be taken 
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as very close indeed to the true sp. gr. of ethyl alcohol at 0°/4°. It 
agrees very well indeed with the sp. gr. observed by Mendeléeff, 
0'806254, and the very low values observed by Squibb appear to be 
due to some chemical action of the lime on the alcohol, probably to 
the presence of a little ether. 


My thanks are due to the Government Grant Committee of the 
Royal Society for a grant by means of which a great part of the 
expense of this investigation and of those described in this series 
of papers was defrayed. 


UNIVERSITY COLLEGE, 
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LXXIV.—The Properties of Mixtures of the Lower 
Alcohols with Water. 
By Sypney Youne, D.S8c., F.R.S., and Emiy C. Fortey, B.Sc. 


METHYL and ethy] alcchols are commonly regarded as exceedingly hygro- 
scopic substances from which the last traces of water can only be 
removed by means of the strongest dehydrating agents. Ethyl, n-propyl, 
isopropyl, and ¢ert.butyl alcohols, which are miscible in all proportions 
with water, are known to form mixtures of constant boiling point with 
that substance, distilling at lower temperatures than the pure alcohols. 
In the last three cases, these mixtures, which have a definite composition 
when distilled under a given pressure, have been regarded as hydrates 
of the alcohols. The experiments of Konowaloff (Ann. phys. Chem., 
1881, [iii], 14, 34), however, on the vapour pressures of mixtures of 
the lower alcohols with water, seem to indicate that it should be 
possible to separate pure methyl alcohol from its aqueous solution by 
fractional distillation, and they throw great doubt on the existence of 
definite hydrates of the alcohols. Konowaloff found, in fact, that the 
vapour pressures of mixtures of methyl alcohol and water are always 
intermediate between those of the components, the curve showing the 
relation between vapour pressure and percentage composition at 
constant temperature lying fairly evenly between the extreme points. 
In the case of ethyl alcohol and water, there was far greater curvature, 
and the vapour pressure curve for mixtures of n-propyl alcohol with 
water was found to resemble that representing the behaviour of a 
partially miscible pair of liquids, such as isobutyl alcohol and water. 
From this, it appears improbable that the formation of mixtures of 
constant boiling point can be due to increasing attraction between the 
molecules of the alcohols and those of water. 
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Further reasons against the assumption that a definite hydrate of 
n-propyl alcohol exists were brought forward in a paper read by one of 
us in conjunction with Dr. Ramsay (Proc., 1888, 4, 101), and, more 
recently, Thorpe (Trans., 1897, '71, 920) has shown the incorrectness 
of the usual statement that there are three definite hydrates of iso- 
propyl alcohol. 

A more complete investigation of the nature and properties of mix- 
tures of the alcohols with water than had yet been carried out seemed 
to be desirable, and the results of this investigation are described in 
the present paper. 


I. Methyl Alcohol and Water. 


The older determinations of the boiling point and sp. gr. of methyl 
alcohol are very discordant and are invariably too high. This has 
been attributed to insufficient purification and especially to the 
presence of water, which, it is stated, can only be removed with great 
difficulty. All the more recent observers have used dehydrating agents 
such as lime, sodium, copper sulphate, or potassium carbonate. 

The investigation of Dittmar and Fawsitt (Trans. Roy. Soc. Edin., 
1888, 33, 509) is generally regarded as the most complete, and their 
values of the sp. gr. of the alcohol and of mixtures of the alcohol with 
water are considered to be extremely accurate. The sp. gr. of the 
alcohol observed by Ramsay and Young (Phil. Trans., 1887, 1'78, 313) 
agrees very well with that of Dittmar and Fawsitt. The boiling 
point, calculated from Biot’s formula, was 64°9°, that of Dittmar and 
Fawsitt being 64°97°, but the boiling points actually observed by 
Ramsay and Young were somewhat lower, the final values being 64°7° 
and 64°75°. 

In hoth cases, dehydrating agents were used, baryta, lime, and anhy- 
drous copper sulphate by Dittmar and Fawsitt, sodium (repeatedly) by 
Ramsay and Young. 

About 550 grams of Kahlbaum’s purest methyl alcohol, free from 
acetone, were distilled through an 18 column Young and Thomas 
dephlegmator and the sp. gr. of the first fraction (924 grams) and of 
a later fraction (60 grams), collected after 405 grams had come over 
and when,the temperature had risen 0°1°, were determined. The 
distillation was completed, the temperature at the last rising to 66°4°, 
and the residue in the still was then distilled from a small bulb, 
when the temperature rose from 69°3° to the boiling point of water. 

The sp. gr. at 0°/4° of the first fraction was 0°81003, and of the later 
one 0°81017. Thus, although the original aleohol was proved to contain 
a little water, the sp. gr. of the first fraction was actually lower than 
that of any specimen hitherto obtained by the action of dehydrating 
agents. On redistilling the first fraction through the 18 column 
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dephlegmator, the sp. gr. of the distillate was very slightly lower, the 
value observed being 0°81000. 

It appeared then that water could be completely removed by frac- 
tional distillation, but to confirm this conclusion it seemed advisable 
to fractionate a dilute alcohol. A mixture of 200 grams of pure 
alcohol with 40 grams of water was distilled through the same 
dephlegmator, and it was found that only a little water was carried 
over, for the sp. gr. of the first and of a later fraction were 0°81013 
and 0°81025 respectively. Redistillation of the first fraction reduced 
its sp. gr. to 0°80998, the same value as before within the limits of 
experimental error. 

The redistilled alcohol was then distilled over sodium, when it was 
found that both boiling point, 64°71°, and sp. gr. 0°81001 were 
unaltered. 

The observed boiling points and sp. gr. of pure methyl alcohol are 
tabulated below. 

The value of dp/dé at the boiling point is 29°6 mm. per degree, 


Boiling points. 


Temperature Corr. to 
Pressure. observed. 760 mm. Sp. gr. at 0°/4°. 
768°75 mm. 64°95° 64°65° = 
si Soe 65°13 64:70 —_— 
739° SC, 64°02 64°71 0°81003 
7495, 64°42 64°77 0°81000 
7407 =O, 64°04 64°69 080998 
738°75_,, 63°99 64°71 0°81001 


Mean 64°70 Mean 0°81000 


From these results, it is clear that, as was anticipated from Kono- 
waloft’s curves, fractional distillation with an efficient still-head, with- 
out the use of dehydrating agents, is sufficient to eliminate the last 
traces of water from dilute methyl alcohol and, indeed, it appears 
doubtful whether perfectly satisfactory results can be obtained by the 
use of dehydrating agents alone. 


II. Ethyl Alcohol and Water. 


It was noticed by Mendeléeff (Ann. Phys. Chem., 1869, [ii], 188, 
230), and earlier by Sémmering, that when ethyl alcohol containing 
but little water, say about 2°5 per cent. by weight, is distilled, the first 
portions of the distillate contain rather more water than the later ones, 
but they apparently did not recognise the fact that the boiling point of 
the weaker alcohol is really slightly lower than that of pure alcohol. 
It is well known, from results obtained on the large scale, that by no 
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system of fractional distillation of weak spirit can alcohol of much 
more than 95 per cent. by weight be obtained. 

Le Bel (Compt. rend., 1879, 88, 912) observed that alcohol contain- 
ing a little water has a slightly higher vapour pressure than pure 
alcohol. 

Linebarger (Chem. News, 1894, '70, 52) determined accurately the 
boiling points of various mixtures of alcohol and water, his concentra- 
tions being expressed in parts of water in 100 of alcohol. He observed 
a minimum boiling point with about 45 parts of water, the actual 
temperature given for 4497 parts of water being 77:990° under a 
pressure of 756 mm., that of alcohol, with 0°241 part of water, being 
78°091°, and with 9°222 being 78-088. This would give a difference 
of a little more than 0°1° between the boiling points of pure alcohol 
and of the mixture of constant boiling point. 

Quite recently, Noyes and Warfel (J. Amer. Chem. Soc., 1901, 23, 
463) have determined the boiling point curve for aqueous alcohol, and 
find that 96 per cent. alcohol (97°45 per cent. by volume) has a minimum 
boiling point 78°174°, whilst that of absolute alcohol, and also of 
90°7 per cent. alcohol, is 78°30. This would give a difference of 0°126° 
between the two boiling points. 

This difference is so small that it seemed hopeless to attempt a 
separation of either pure alcohol or the mixture of cons'.nt boiling 
point by fractional distillation of spirit containing more than about 
96 per cent. of alcohol, but it was repeatedly observed that a partial 
separation could be effected. As the difference in boiling point between 
the mixture of constant boiling point and water is considerable, it 
seemed not impossible, especially as similar mixtures of water with 
other alcohols were very easily obtained, that fractional distillation of 
weak spirit would yield, not only pure water, but also the mixture of 
minimum boiling point without much difficulty. 

The question, however, whether the two components of a mixture— 
either pure substances or mixtures of constant boiling point—can 
be easily separated by fractional distillation does not depend solely, or 
indeed chiefly, on the difference between the boiling points. The form 
of the curve representing the relation between the boiling points and 
molecular composition of various mixtures must be taken into account, 
and in this case the curve is exceedingly flat near the minimum boiling 
point. This fact, which is more fully discussed in the paper on frac- 
tional distillation as a method of quantitative analysis (this vol., 
p. 752), explains the difficulty actually experienced in separating the 
mixture of constant boiling point. 

As a matter of fact, it was found on distilling a quantity of 92°6 
per cent. alcohol that, although the strength rose rapidly at first, 
the improvement became slower and slower, and even after seven 
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distillations with the 18-column dephlegmator, the percentage of 
alcohol in the first fraction did not exceed 95°3 per cent. by weight, 
although, as will be seen later, the mixture of minimum boiling point 
really contains 95°57 per cent. of alcohol. 

That the final point had not been reached was indicated by the fact 
that even in the seventh fractionation the strength of the alcohol 
steadily, although slowly, diminished as the distillation proceeded. 

It was therefore hopeless to attempt to separate the mixture of 
constant boiling point, or, indeed, to determine its exact composition 
by fractional distillation. Moreover, the curve representing the relation 
between the boiling points and the composition of mixtures of ethyl 
alcohol and water is of such a form that, although the minimum boil- 
ing point is easily readable, only a rough approximation to the com- 
position can be obtained. 

With regard to the difference between the boiling points of pure 
alcohol and of the mixture, the results of Linebarger and of Noyes 
and Warfel are not in perfect agreement, but it may be concluded that 
this difference lies between 0°1° and 0°15°. 

Our own ‘experiments were not carried out with a view to the 
accurate determination of this difference, and a thermometer, graduated 
in whole degrees, was, in fact, employed ; yet, owing to the very large 
number of determinations of the boiling points of alcohol-water mix- 
tures that were made at various times, it was found possible to construct 
a curve which would give a fair approximation to the value under dis- 
cussion, The mean of the eight observations nearest to the point of 
minimum temperature given in the table below would show a difference 
of 0°2°, although the value we should have been inclined to adopt 
from our curve was 0°16°, which, at any rate, does not differ seriously 
from the more accurate determinations referred to. 

Taking the boiling point of pure alcohol as 78°3°, the observed boil- 
ing points of mixtures of nearly constant boiling point were as follows : 


Temperature 
Sp. gr. Pressure. observed. corr. to 760 mm. 
0°8196 758°9 mm. 78:00° 78°04° 
0°8185 762°0 ,, 78°22 78:15 
0°8194 763°6,, 78°18 78°06 
0°8193 763°6 -,, 78°27 78°15 
0°8195 756°4,, 77°95 78°07 
08195 7564 ,, 77°97 78°09 
0°8195 756'4,, 77°98 78:10 
0°8173 7523, 77°85 78:10 
Mean 78°10 


The value of dp/dt at the boiling point = 30°2 mm. per degree. 
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Composition of the Mixture of Constant Boiling Point.—In addition 
to systematic fractionation of the alcohol, numerous single distillations 
of alcohol of various strengths were carried out with the 18 column 
dephlegmator, and the sp. gr. at 0°/4° of the first and last fractions 
were in each case determined. The results are shown in the diagram, 
the sp. gr. being plotted against the total weights of distillate. 
Thus, in No. X, three fractions were collected, weighing respectively 
23°6, 73°4, and 27°6 grams. The sp. gr. of the first and third were 
determined and were taken to represent those of the distillate at the 
moments when 23°6/2 and when 23°6 + 73°4 + 27°6/2 grams respectively 
had come over. 
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Specific gravity. 


As in the majority of cases there were only two determinations of 
sp. gr., a straight line has been drawn through the points, although 
the actual results should correctly be represented by a slightly curved 
line. 

Starting from the left of the diagram it is evident that the curve, 
if obtained, would at first be represented by a vertical straight line 
showing constancy of composition during distillation; that the curves 
then actually show an increasing slope towards the left, reaching a 
maximum in the neighbourhood of sp. gr. 0°814; that the slope again 
gradually diminishes, vanishes at about sp. gr. 0°8194, then changes 
its direction and again shows a gradual increase. The actual expert- 
ments have not been continued, but it is clear that the slope would 
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again pass through a maximum, decrease and finally vanish at sp. gr. 
0:99987, the liquid being then pure water. 

The first two points at which the curves would become vertical 
straight lines represent the sp, gr. of pure alcohol and of the mixture 
of minimum boiling point. The method of preparation of pure alcohol 
has been described in the previous paper and its sp. gr. is there 
referred to. 

By distilling various known mixtures of alcohol and water and 
observing whether the curves sloped to the right or left, it would be 
possible to get a closer and closer approximation to the mixture of 
minimum boiling point which distils without change of composition. It 
will be seen that curve X slopes to the left and curve XI to the right, 
and that the sp. gr. of the mixture of constant boiling point must 
therefore be between those (0°81936 and 0°81946) of the first fractions 
in these distillations. 

The lines are of so nearly equal slope that it may be assumed that 
the required sp. gr. is 0°81941, the mean of the other two. If the 
two lines are produced they meet at a point between 0°81941 and 
081942. 

The sp. gr. of the mixture of constant boiling point of ethyl alcohol 
and water is therefore 0°81941, and the percentage of alcohol by weight 
that it contains is, according to Mendeléeff’s data, 95°57. 


III. n-Propyl Alcohol and Water. 


The fact that the addition of small quantities of water to n-propyl 
alcohol has the effect of lowering the boiling point was stated in 1869 
by Chancel (Compt. rend., 68, 662), who, from the observation 
that a particular mixture distilled at a constant temperature without 
change of composition, concluded that a definite hydrate, C,H,0,H,0, 
was formed. 

The statement that this hydrate exists is to be found in some text- 
books, but as a rule the point is not mentioned. 

The vapour pressures of mixtures of n-propyl alcohol with water 
were investigated by Konowaloff (Joc. cit.), who states that at 88° a 
mixture containing 75 per cent. by weight of the alcohol has a 
maximum vapour pressure, but that the composition of the mixture 
which exerts the maximum vapour pressure differs slightly at different 
temperatures. From these results, he concludes that no hydrate of 
propyl alcohol exists, and this conclusion seemed to be supported by 
the fact observed by Chancel that anhydrous potassium carbonate 
easily abstracts water from the mixture of constant boiling point. 

Further evidence confirming Konowaloff’s view was brought for- 
ward by Ramsay and Young, in 1888, in the paper already referred to. 
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The vapour pressures were determined by both the dynamical (Ram- 
say and Young) method and the statical (barometer tube) method. 
The differences were slight, but the pressures by the statical method 
were invariably a little higher. If the substance were a hydrate, or 
if the composition of the mixture remained constant at all tempera- 
tures, no such difference should be observed ; but if the composition 
varied with the temperature, partial fractionation would take place by 
the dynamical method, somewhat higher temperatures being registered 
than those corresponding to the original mixture of constant boiling 
point obtained by distillation under the ordinary pressure. 

Konowaloff states that the mixture which exerts a maximum vapour 
pressure is slightly poorer in alcohol at low temperatures than at high. 
Experiments were carried out to find whether the composition of the 
mixtures boiling constantly under different pressures showed a similar 
variation. It was found that when the mixture of constant boiling 
point, obtained by distillation under the ordinary pressure, was redis- 
tilled under 198°7 mm. pressure, a residue of nearly pure propyl 
alcohol was left. Konowaloff’s result was thus fully confirmed. 

Vapour density determinations above 130° in a modified Hofmann’s 
apparatus, in which pressure and volume could be altered at will, gave 
the value 18°14, and, assuming that there is no combination in the 
state of vapour, the composition corresponding to this density would 
' be: 


n-Propyl alcohol.............00+0000 71°95 
WOE hive cccsiiins cds ceticenssenae 28°05 
100:00 


Again, if no contraction took place on mixing liquid propyl alcohol 
and water, the volume of a gram of a mixture of this composition would 
be 1:1587 c.c. at 0°. The volume of a gram of the mixture of constant 
boiling point, obtained by distillation under the ordinary pressure, was 
found to be 1°1362 c.c. at 0°. If the assumption that there is no com- 
bination in the state of vapour is correct, there must be a contraction 
on mixing the liquids of 0°0225 c.c. per gram of the mixture, equiv- 
alent to 1:942 per cent. by volume ; it was known that some contrac- 
tion, at any rate, does occur. 

In any case, it was clear that since the composition calculated from 
the sp. gr. of the liquid would differ but little from that derived from 
the vapour density, there could not be more than a very small amount 
of combination in the state of vapour. 

The conclusion that the hydrate of propyl alcohol does not exist was 
not accepted at the time, and the paper did not appear in the 
Transactions. Further confirmatory evidence has now been obtained. 
If the hydrate of propyl alcohol existed at the ordinary temperature, 
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it is certain that it would not be less stable at lower temperatures ; 
yet it was found possible to separate about two-thirds of the water by 
cooling the mixture of constant boiling point to —40°. Partial erys- 
tallisation took place, and the sp. gr. of the residual liquid was 
084145, corresponding to 9°3 per cent. of water, as against 0°88004, 
corresponding to 28°3 per cent. 

The propyl alcohol employed in this investigation was obtained 
from Kahlbaum ; it was carefully fractionated, and the boiling point 
and sp. gr. were determined, with the following results : 


Temperature 
Pressure. observed. corr. to 760 mm. Sp. gr. at 0°/4°. 
771°2 mm. 97°70° 97°31° 0°81931 
759°5 ,, 97°30 97°32 0°81934 


The value of dp/dt at the boiling point = 28°85 mm. per degree. 

Afterwards the propyl alcohol was recovered from the mixture of 
constant boiling point by distillation with benzene after a portion of 
the water had been removed by means of potassium carbonate. Both 
the boiling point and the sp. gr. were slightly lowered by this treat- 
ment : 


Temperature 
Pressure. observed. corr. to 760 mm. Sp. gr. at 0°/4°. 
76755 mm. 97°44° 97°18° 0°81923 
7636, 97°32 97°20 = 


These values are taken as correct. 

Mixture of Constant Boiling Point of n-Propyl Alcohol and Water.— 
In order to find whether the mixture of constant boiling point could 
be obtained with quite constant composition by distillation, mixtures 
richer both in alcohol and in water were fractionated, and the boil- 
ing points and sp. gr. of the first fractions determined. 

From mixtures richer in alcohol: _ 


Temperature 
Pressure. observed. corr. to 760 mm. Sp. gr. at 0°/4°, 
756°9 mm. 87°59° 87°70° 0:88000 
759°7 ,, 87°69 87°70 0°88002 
744-2 ,, 87°17 87°72 0°88004 
From mixtures richer in water : 
747°6 mm. 87:27° 87°70° 0:88008 
763°2 ,, 87°88 87°77 —_— 


Mean 87°72 Mean 0°88003 


The value of dp/dé at the boiling point = 28-7 mm. per degree. 
VOL, L¥XXI, 3c 
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These results agree well with those previously obtained by Ramsay 
and Young, namely, boiling point, 87°75°; sp. gr. at 0°/4°, 0-88015. 

Specific Gravities of Mixtures of u-Propyl Alcohol and Water.— 
Known weights of pure propyl alcohol and water were mixed together, 
and the sp. gr. were determined with the following results : 


Percentage of alcohol by weight. Sp. gr. at 0°/4°. 
94°95 0°83203 
89°97 0°84307 
84°87 0°85362 
79°96 0°86360 
74:93 0°87365 
71°69 0°88004 


The last sp. gr. in this table is practically identical with that of the 
mixture of constant boiling point obtained by distillation ; the per- 
centage composition may therefore be taken as : 


m-Propyl alcohol.............s.s000 71°69 
WO BO irc tlie eae 28°31 
100-00 


This agrees very well indeed with the necessarily less accurate re- 
sult, calculated from the vapour density, observed by Ramsay and 
Young : 


n-Propyl] alcohol.........sscesseeeees 71°95 
IED vniceesisvecenseccnenpaieniaiii 28°05 
100-00 


and the conglusion previously arrived at, that there is no combination 
in the state of vapour, is fully confirmed. The contraction that takes 
place when this and other alcohols are mixed with water will be 
referred to later on. 


IV. isoPropyl Alcohol and Water. 


Three definite hydrates of isopropylalcohol, 2C,H,0,H,O, 3C,H,0,2H,9, 
and 30,H,0,H,0 are stated in all text-books of organic chemistry to 
exist, and a fourth hydrate, C,H,0,H,O, has also been described by 
Ruhemann and Carnegie (Trans., 1888, 58, 427). 

Thorpe, however (Trans., 1897, '71, 920), has brought forward 
evidence which renders the existence of any of these hydrates very 
doubtful. Thorpe purified his alcohol by long continued treatment 
with anhydrous copper sulphate, fractionating the alcohol from time 
to time, and finally distilled it after boiling with lime for some time 
in a flask provided with a reflux condenser. The sp. gr. of two fractions 


_— _— is — ~ ——— 
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were then found to be identical, 0°7982 at 4°/4°, and the boiling point 
was 80°9—81°4° at 788 mm. The boiling point under normal pressure 
adopted was 82°1°. 

Thorpe then made mixtures of the purified alcohol and water in the 
proportions required to form each of the four hydrates. Three of 
these mixtures were allowed to evaporate over sulphuric acid until the 
bulk of liquid was reduced to about one-half, and through the fourth 
a current of air was passed until the bulk was reduced to about the 
same extent. In all cases, the residual alcohol was considerably 
stronger than at first, as shown by the diminution in the sp. gr. From 
these results, Thorpe concludes “that the so-called hydrates are not 
definite chemical compounds, but are merely mixtures of the alcohol 
and water,” 

The four “hydrates” are described by their discoverers as having 
the following boiling points, taking the order already given: (1) about 
80°, (2) 78—80°, (3) 81°, (4) 78—79°. 

As these boiling points are all lower than that of the pure alcohol, it 
seemed to us to be probable that isopropyl alcohol really behaves like 
n-propyl alcohol in forming with water a mixture of minimum boiling 
point which would distil without change of composition. 

About 200 grams of isopropyl alcohol, obtained from Kahlbaum, 
were distilled through a five-column “evaporator” still-head. It 
contained, besides water, a very small amount of impurity of high 
boiling point and a rather larger amount of one of low boiling point. 
After eliminating these, relatively large quantities of two liquids, A 
and B, were obtained, boiling constantly at 80°4° and 82°4° respectively. 
The first proved to be the mixture of constant boiling point of alcohol 
and water ; the second was nearly pure alcohol. 

After the boiling points had become nearly constant, the sp. gr. of 
these substances were determined at the end of each fractionation with 


the following results : 
Sp. gr. at 0°/4°. 


~ 


No. of fractionation. A, B. 
D  nkeanedeensikvaginankwis — 0°80199 
nti Ghee — 0°80159 
TE astatlcsanadendoudekedee 0°83331 0°80144 
. Seduhicdenicasdtisunests 0°83356 —- 
Ea Se ae aR re 0°83361 — 


It will be seen that the sp. gr. of A shows a gradual rise, that of B 
a gradual fall, both tending finally to become constant. 

The fraction B was boiled for 2} hours with barium oxide in a 
reflux apparatus and was then distilled. Its sp. gr. at 0°/4° was now 
0°80137. This agrees well with Thorpe’s value, which, reduced by 
means of Zander’s formula, would be 0°8014 at 0°/4°. 


3c 2 
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It will be seen from these results that although the boiling points 
of the two substances differ by only two degrees it was found possible 
to separate the alcohol in a very nearly pure state, and it was later 
found that the composition of A was identical with that of the mixture 
of constant boiling point obtained by the distillation of more dilute 
isopropyl! alcohol. 

The alcohol was subsequently recovered from the mixture of con- 
stant boiling point by distillation with benzene, and it was evidently 
obtained still drier by this process than by heating with barium 
oxide, for the sp. gr. at 0°/4°, 0°80120, was slightly lower, and the 
boiling point, 82°44°, was slightly higher. These values are taken 
as correct, 

Seventy grams of the mixture of constant boiling point (A) and 20 
grams of water were distilled together through the “ evaporator ” still- 
head, and the sp. gr. of the first fraction was found to be 0°83434 at 
0°/4°. That portion of the distillate which came over at a nearly con- 
stant temperature was redistilled and the sp. gr. of the first fraction 
was found to be 0°83361, which is identical with that of A. Thus the 
composition of the distillate was the same whether the original mix- 
ture was richer in alcohol or in water. 

The sp. gr. of mixtures of isopropyl alcohol and water have already 
been determined by Thorpe (Joc. cit.) at 15°/15°. The sp. gr. of the 
mixture of constant boiling point at 14‘6°/4°, as determined by us, was 
0°82116, which at 15°/15° would become 0:82153. 

From Thorpe’s tables, the percentage composition corresponding to 
this sp. gr. would be 


PN Re 88°15 
Meee! 5.3 cee 11°85 
100:00 


A mixture of this composition was then made, using the alcohol of 
sp. gr. 0°80137 at 0°/4°, and its sp. gr. at 0°/4° was found to be 
0:83297, corresponding to 0°82091 at 15°/15°. 

Assuming that the alcohol used for the mixture was dry, the com- 
position corresponding to the sp. gr. 0°82153 at 15°/15° would be 


pea 87°9 
WERE ivsccccecemeee 12°1 
100°0 


or allowing for the traces of water present the percentage of alcohol 
would be about 87°85. 

It will be seen that the percentage of water in the mixture of con- 
stant boiling point is much lower than in the case of n-propyl alcohol, 
but is higher than in that of ethyl alcohol. 


=_— 
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The following are the observed boiling points of isopropyl alcohol 
and of its mixture of constant boiling point with water ; the alcohol 
was that dried by distillation with benzene: 


Alcohol. 
Temperature 
Pressure. observed. _ corr. to 760 mm. 
761°5 mm. 82°46° 82°42° 
7768 82°85 82°46 


Mean 82°44 


Mixture of Constant Boiling Point with Water. 


From excess of water. From excess of alcohol. 
Temperature Temperature 

4 corr. to J corr. to 

Pressure. observed. 760 mm. Pressure. observed. 760 mm. 
746°7 mm. 79°96° 80°41° 751°85 mm. 80°11° 80°38° 
76475 ,, 80°55 80°39 7635 i, 80°51 80°39 
andi 761°75 ,, 80-46 80°40 

Mean 80°40 7320 sé, 79°43 80°37 

7434, 79°87 80°43 

760°7  ,, 80°36 80°34 

770°25 _,, 80°66 80°31 

753°9 i, 80°11 80°32 

Mean 80°37 


Value of dp/dé at the boiling point: Alcohol, 30°0 mm. per degree ; 
alcohol-water mixture, 29°7 mm. per degree. 


V. tert.Butyl Alcohol and Water. 


It was stated by Butleroff (Annalen, 1872, 162, 229) that tert. butyl 
alcohol, which, like those already considered in this paper, is miscible 
with water in all proportions, forms a definite hydrate of the formula 
2C,H,,0,H,O. The hydrate was described as a liquid boiling at 80° 
and having the sp. gr. 0°8276 at 0°. 

Two hundred and fifty grams of tert.butyl alcohol were obtained 
from Kahlbaum., At the temperature of the room, 22°, the substance 
consisted of fine, large crystals with a good deal of liquid. The liquid 
was poured off and fractionated five times with the 5-column “ evapor- 
ator” still-head and a good quantity was obtained boiling quite con- 
stantly at 82°45° under a pressure of 7584 mm., corresponding to 
82'5° at 760 mm. The melting point of the best fraction was 25°25°. 
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Meanwhile the atmospheric temperature gradually rose from about 
22° to above 25°, and small additional quantities of liquid were formed 
by the partial fusion of the crystals, and were drained off from time 
to time. Finally, about half the total quantity of residual solid was 
melted and poured off ; its melting point was 25:20°, while that of the 
residue was 25°41°. 

As it was clear that fractional crystallisation gave better results 
than fractional distillation, the former process was applied to the whole 
quantity of nearly pure alcohol, and the melting point was finally 
obtained as high as 25°43°. In carrying out the fractional crystallisa- 
tion, the conditions were peculiarly favourable, for the temperature of 
the room, after having fallen again, gradually rose in the course of 
about a week from about 22° to about 25°5°. 

Later on, the alcohol was recovered from the mixture of constant 
boiling point, which it was found to form with water, by distillation 
with benzene. As in the case of ethyl, n-propyl, and isopropyl alcohols, 
the purest specimen was obtained by this method, the melting point 
being 25°53° as against 25-43°, and the boiling point 82°60° under a 
pressure of 761:4 mm., corresponding to_82°55° at 760 mm., as against 
82°5° at normal pressure, 

The sp. gr. could not be determined at 0°, owing to solidification ; 
that of the recrystallised specimen was found to be 0°78560 at 20°/4°, 
whilst that of the specimen dried by distillation with benzene was 
0°78553 at 20°/4°. 

The sp. gr. of the pure alcohol and of mixtures with water were 
actually determined at temperatures as near as convenient to 20° and 
25°, and the values obtained were corrected to these temperatures on 
the assumption that the sp. gr. is a linear function of the temperature 
over this small range: 


Sp. gr. of Mixtures of tert.Butyl Alcohol and Water. 


Percentage of alcohol. Bp. gz. at 

by weight. 20°. 25°. 

100 0°78553 0°78056 
97°36 0°79128 0°78653 
94°24 0°79878 0°79415 
90°58 0°80718 0°80268 
86:00 0°81820 0°81364 
80°42 0°83146 0°82703 
73°25 0°84832 0°84405 


Mixture of Constant Boiling Point with Water.—Numerous distil- 
lations of alcohol-water mixtures were carried out, in some cases the 
alcohol, in others the water, being in excess, The results are given in 
the following table ; 
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From mixtures richer in water : 


Temperature Specific gravity 
ee, r a ~ 
Pressure. observed. corr. to760mm. at 0°/4°. at 25°/4°. 

757°35 mm. 79°85° 79°94° _ — 
762°2_—SCé,, 80°00 79°93 ——_ — 
75815 ,, 79°84 79°90 - = — 
7587 ,, 79°88 79°92 _ — 
fo. a 79°83 79°91 — a 
746°45_,, 79°46 79°92 —_ — 
W477 — yy 79°51 79°93 0°83046 0°80831 
748°45 ,, 79°53 79°92 —- ae 

Mean 79°92 

From mixtures richer in alcohol : 

At 20°/4°, 
757°5 mm. 79°83° 79°91° — — 
748:45_ ,, 79°53 79°92 0°83041 — 
7581s, 79°80 79°86 0°83041 0°81275 


Mean 79°90 


The value of dp/dt at the boiling point was 29°7 mm. per degree. 

The composition of the mixture of constant boiling point was 
ascertained in the following manner. Curves were drawn showing the 
relation between the percentage molecular composition and the sp. gr. 
at 20° and 25° respectively. From each of these curves, the composition 
was read off corresponding to the sp. gr. actually observed in the case 
of the mixture of constant boiling point. 

The percentage molecular composition was thus found to be 


Alcohol. Water. 
(a) From sp. gr. at 20° (distillate from mixture richer 


in QIOUREED scirsciiccccsncavetacssubepsbedbusces secenecestos 64°56 35°44 
(6) From sp, gr. at 25° (distillate from mixture richer 
Eh WORRED oncincsvsvsccnscssonssee ens Ges csebuccswoveesvessees 64°62 35°38 


Mean 64°59 35°41 


The percentage composition by weight calculated from the mean is 


BIE, os satniscacust 88°24 
TE os lvecctense 21°76 
100-00 


tert.Butyl alcohol shows great similarity in many respects to isopropyl 
alcohol, as will be seen from the following table ; 
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tert.Butyl alcohol. —isoPropy! alcohol. 
Boiling point at 760 mm. ............... 82°55° 82°44° 


EPI scscccvscsessevecssesoswens 0°78553 about 0°7859 


Mixture of Constant Boiling Point with Water. 


Boiling point at 760 mm. ............... 79°91° 80°37° 
EE sivshssaperstvoniwetutensts 0°83043 0°83361 
Percentage of alcohol by weight ...... 88:24 87°90 


VI. isoButyl Alcohol and Water. 


As is well known, this alcohol is miscible with water only within 
limits, and the behaviour of a mixture with water, on distillation, is 
similar to that of any other partially miscible pair of liquids. 

About 350 grams of isobutyl alcohol, obtained from Kahlbaum, were 
distilled through the 18-column dephlegmator. After four fractiona- 
tions, a fair quantity was obtained with constant boiling point, but 
the sp. gr. of the fractions showed a slight rise. On repeating the 
fractionation twice, the sp. gr. fell a little on the whole, and there was 
still a slight rise from fraction to fraction (0°81705 to 0°81723 at 0°/4°). 

The fractions within these limits were mixed together and redistilled, 
when the sp. gr. at 0°/4° was 0°81698 ; at 16°35°/4°, 0°80459. 

The boiling point was determined at various times, and the follow- 
ing values were obtained : 


Temperature \ 
Pressure. observed. corr. to 760 mm. 

746°2 mm. 107°51° 108:00° 
742°0_,, 107°44 108-08 
738°75 ,, 107°31 108:07 

753°25 ,, 107°86 108:10 ‘ 
753°5 ,, 107°86 108-09 
756°4 ,, 107°94 108°07 
7664, 108-26 108°03 

Mean 108:06 } 


The value of dp/dt at the boiling point was taken to be 28°0 mm. 
per degree. 

Composition and Boiling Point of the Aleohol-Water Mixture of Con- 
stant Boiling Point.—A mixture of isobutyl alcohol and water of 
known composition was distilled and the weight of distillate below the 
middle temperature was ascertained in order to find the composition 
of the mixture of constant boiling point by the method described in a 4 
separate paper (p. 752). The water was in excess: 
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Composition of mixture 


Composition of Weight below e——— —s = f 
mixture taken. middle point. Uncorrected. Corrected. 
Alcohol 49°6 Observed 73°95 Alcohol 67:1 66°8 
Water 44°7 Corrected 74:25 Water 32°9 33°2 
94°3 100°0 100°0 
Boiling Points. 
Temperature 
Pressure. observed. corr. to 760 meats, 
‘ ; ’ 7645 mm. 89°95° 89°80 
rom mixture richer in water { 766-0 ,, 90-03 89-89 
” - alcohol, 757°75 ,, 89°75 89°83 
Mean 89°82 


dp/dt at the boiling point = 28:4 mm. per degree. 


The sp. gr. of a series of mixtures of isobutyl aleohol and water 


were determined at 0°/4°. 


Percentage of isobutyl alcohol by weight. Sp. gr. at 0°/4°. 


97°72 0°82251 
95°09 0°82823 
91:79 0°83492 
88°53 0°84125 
86‘76 0°84470 
84°81 0°84829 


The last mixture was just saturated with water at 0°. 


VII. isoAmyl Alcohol and Water. 


The results are given in the table below: 


About 450 grams of amyl alcohol, obtained from Kahlbaum, were 
fractionated with the 18-column dephlegmator, benzene being added 


at first to facilitate the removal of lower homologues. 


It is well known that amyl alcohol obtained by fermentation is a 
mixture of the isomeric isoamyl alcohol, (CH,),CH*CH,*CH,°OH, and 


active amyl alcohol, CH,*CH,*CH(CH,)-CH,-OH. 


The fractionation is not yet completed, but a sufficient quantity of 
one of the isomerides, presumably isoamyl alcohol, boiling very nearly 
constantly at 132°05°, has been obtained. The remainder comes over 


at lower temperatures. 


Composition of Mixture of Constant Boiling Point with Water.—From 


mixture richer in water : 
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Composition of mixture 
of constant boiling point. 


Weight below - = 

Mixture taken. middle point. Uncorrected. Corrected, 
Alcohol 38°8 Observed 76°4 Alcohol 50°8 50°5 
Water 69°5 Corrected 76°9 Water 49°2 49°5 
108°3 100:0 100°0 

From mixture richer in alcohol ; 

Alcohol 68:3 Observed 85°65 Alcohol 50:1 50:3 
Water 42°7 Corrected 85°95 Water 49°9 49°7 
111-0 100:0 100°0 


The mean of the two corrected values, which agree very well 
together, may be taken as correct : 


IED ico iinticirmannseceihd iieaieiaiiiiiniesten 50°4 

NE icicles cits:” neat dentate 49°6 

100°0 

Boiling Points, 
Temperature 
Pressure, observed, corr. to 760 mm. 

755'85 mm. 95°0° 95°15° 
756°3 y 95°0 95-15 
Mean 95°15 


VIII. Generalisations from Results. 


In a previous paper by one of us (p. 708), itis pointed out that 
as the molecular weights increase the properties of the alcohols diverge 
from those of water and approach those of the corresponding parafiins. 

Since the higher alcohols are practically insoluble in water, whilst 
the lowest of them, methyl alcohol, dissolves in water in all propor- 
tions with considerable contraction and evolution of heat, it may be 
inferred that the attraction of the alcohol molecules for those of water 
diminishes with rise of molecular weight, and it is natural to assume 
that the change would be a gradual one. . 

This conclusion is confirmed by the results given in the following 
table ; 
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Specific Gravities, Boiling Points, and Composition of Mixtures of 
Constant Boiling Point of the Alcohols with Water. 


Percentage of 
Boiling point (760 mm.).| Sp. gr. 0°/4°. alcohol in 
mixture. 


| 
Alcohol. | Mixture.| A. Alcohol. | Mixture. 
| 


By Mole- 
weight. | cular. 


Methyl alcohol ...| 64°70 _— — 0-81000 | — 


Ethyl ,, _...| 78°30 | 78°15 | 0-15 | 0-80625 | 0°81941| 95°57 | 89°43 
isoPropyl >, |..| 82°44 | 80°37 | 2°07 | 0°89120| 0°83361| 87°90 | 68°54 
tert.Butyl >, ...| 82°55 | 79°91 | 2-64; — | 0-83043| 88-24 | 64°59 
n-Propyl 7 || 97-19 | 87-72 | 9-47 | 0-81928 | 0-88004| 71:69 | 48-17 
isoButyl ,, ...{ 108°06 | 89°82 | 18-24 | 0-81698 Foard }66-80 32°86 


isoAmyl ,,  ...|182°05 | 95°15 36°90 | — | »w 50°40 | 17°21 


Comparing the three normal primary alcohols, methyl, ethyl, and 
propyl, it will be seen that the first does not forma mixture of con- 
stant boiling point with water at all, whilst the difference in boiling 
point between the alcohol and the mixture of constant boiling point is 
much smaller in the case of ethyl than of propyl alcohol. Again, the 
percentage of alcohol in the mixture of constant boiling point is much 
higher in the case of ethyl than of n-propyl alcohol. 

The table further brings out the influence of constitution on the 
properties of the alcohols. 

That the boiling point of a paraffin or alkyl derivative containing an 
iso-group is lower than that of the normal isomeride is well known, as 
is also the fact that a tertiary alcohol boils at a much lower tempera- 
ture than the isomeric primary compound. 

The alcohols are arranged in the table in the order of their boiling 
points, and it will be seen that the same order is followed both as re- 
gards the difference in boiling point between the alcohol and its water- 
mixture of constant boiling point and also as regards the molecular 
percentage of alcohol in the mixture. 


IX. Contraction on Mixing with Water. 


The contraction that takes place on mixing the various alcohols 
with water was calculated from the sp. gr. of a series of mixtures of 
known composition in each case. 

The required data for methyl, ethyl, and isopropyl alcohols were 
already available [methyl alcohol, Dittmar and Fawsitt (oo. cit.) ; 
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ethyl alcohol, Mendeléeff (/oc. cit.) ; isopropyl alcohol, Thorpe (Zoc. cit.)], 
and determinations were therefore only made with n-propyl, éert.buty], 
and isobutyl alcohols. 

In the case of methyl and of ethyl alcohol, data are given at 0°/4°, but 
for isopropyl alcohol only at 15°/15°. In order to find whether the 
contraction differed much at different temperatures, the data given by 
Dittmar and Fawsitt for methyl alcohol at 15°6°/4° were also made 
use of. It will be seen from the following table that the contractions 
are nearly the same at the two temperatures, and it was therefore not 
a matter of importance that the comparison had to be made at different 
temperatures. 

The plan adopted was to calculate the volumes of a gram from 
the observed sp. gr., and also the theoretical volumes of a gram, 
supposing that no contraction occurred on mixing (see p. 737). The 
percentage contractions are given in the following table: 


Percentage Contraction. 


| |isoPr 1 
Mole- , Ethyl |isoPropyl n-Propy] | isoButy! 
cular per- Methy! alcohol. | alcohol. | alcohol. tert. Butyl aleohol. alcohol. | alcohol. 
centage pr | 
of | 
alcohol. | 15°56°.| 0°. oe. | 15°. 20°. 25°. 0°. 0°. 
| 
100 0°00 | 0°00 0°00 0°00 000 0°00 0°00 0-00 
95 0°44 | 0°44 0°38 0°13 0°06 0°07 0°27 0°15 
90 0°88 | 0°84 | 0°74 0°36 0°17 0°19 0°43 0°28 
85 1°28 | 1°28 1°06 0°57 0°30 0°32 0°62 0°40 
80 1°68 | 168 | 1°38 0°79 0°41 0°47 0°80 0°51 
75 2°04 | 2°04 | 1°69 1°01 0°55 0°59 0°97 0°60 
70 2°40 | 2°39 1°99 1°23 0°71 0°74 1°12 0°72 
65 2°69 2°70 | 2°29 1°43 0°85 0°90 1°25 0°81 
60 2°97 | 2°98 | 2°56 1°65 1°02 1°05 1°42 0°90 
55 3°19 | 3°22 | 2°83 1°85 1°21 1°25 1°57 ~ 
50 3°42 3°45 3 ‘09 2°05 1°40 1°42 1°71 emai 
45 3°54 | 3°60 3°34 2°20 1°60 1°63 1°85 - 


It will be noticed that of the six alcohols examined, four are primary 
—methyl, ethyl, and n-propyl alcohols being derived from normal 
paraffins, isobutyl alcohol from an isoparaffin ; of the other two, iso- 
propyl alcohol is a secondary alcohol derived from a normal parafiiv, 
whilst tert.butyl alcohol is a tertiary alcohol derived from an 1so- 
parafiin. 

In studying the properties of these alcohols, account must therefore 
be taken both of the constitution of the paraffins from which they are 
derived, and also of the position of the hydroxyl group. Of these two 
factors, the latter seems to have the greater influence so far as con- 
traction on mixing with water is concerned, for, with the four primary 
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alcohols, the percentage contraction decreases in the same order as the 
boiling points rise and as the molecular percentages of alcohol in the 
mixtures of constant boiling point diminish ; but with the secondary 
and tertiary alcohols examined, the order depends on the concentration, 
and it is only with large quantities of water that isopropyl alcohol 
takes its proper place, whilst for mixtures rich in isopropyl! alcohol, and 
for all the ¢et.butyl alcohol mixtures within the limits of the table, 
the percentage contraction is very low. 


X. Heat Changes on Mixing with Water. 


In order to carry out a complete investigation of these changes, a 
much larger amount of material would be required than we had at our 
disposal except in the case of methyl alcohol. It was thought worth 
while, however, to make an approximate comparison of the heat 
changes produced by mixing the alcohols with water, taking the same 
molecular proportions in each case. 

The alcohol and water were mixed together in a small, round-bottomed 
flask in the proportion of 60 mols. of alcohol to 40 of water, the 
total weight in each case being about 30 grams. 

The initial temperatures of the alcohol and of the water, which were 
identical, or nearly so, and the final temperature of each mixture are 
given in the table below, together with the difference between the final 
temperature and the mean of the initial temperatures. 


Temperatures. 
Water. Alcohol. Mean. Mixture. A. 
Methyl alcohol ............ 21°7° 21°7° 21°7° 29°55° | +7°85° 
Ethyl a lh estodhie swede 22°2 22°35 22°3 25°25 +2°95 
tert.Butyl’,,  ......000... 26°25 26°25 26°25 25°20 — 1°05 
ee 22°7 22°7 22'7 21°55 -1°15 
DES 55 sccccecceens 22°3 22°3 22°3 19°15 — 8°15 


‘ No experiment was made with isopropyl alcohol, as the quantity at 
our disposal was very small, or with isoamyl alcohol on account of its 
slight solubility, but it will be seen that in the case of the other 
alcohols the evolution of heat diminishes, or the absorption of heat 
increases, as the boiling points of the alcohols rise. 

With a large excess of water, evolution of heat was observed in 
every case, and rough experiments were made to find the maximum 
rise of temperature for each alcohol. The results are appended. 
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Approximate maximum 
rise of temperature. 


BOUT E CEB 6 6550000004 ven scvaszeenacs 8°5° 
Ethyl an). | abippensitadereha memidiniiamnas 6'5 
NED ni. ssnncnvcnntetescisnepensads 40 
EE en. hccutinns schenasntesehadans 4:0 
OIE «ab. . ealined<cnccntvrvesiwsanendes 10 


Here again the order is the same as that of the boiling points. 


With regard to the general question whether the mixtures of constant 
boiling point of the alcohols with water are definite hydrates or not, 
in addition to the special arguments against the existence of such 
hydrates advanced in the case of n-propyl and of ¢sopropyl alcohols, it 
seems sufficient to point to the fact that in none of the cases examined 
do the number of molecules of alcohol and water in the mixture bear 
a simple ratio to each other. 
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LXXV.—The Properties of Mixtures of the Lower 
Alcohols with: Benzene and with Benzene and Water. 


By Sypney Younse, D.Sc., F.R.S., and Emity C. Fortry, B.Sc. 


In a previous paper (p. 708), it has been pointed out that since the 
monohydric aliphatic alcohols may be regarded on the one hand as 
hydroxyl derivatives, C,H2,+4:(OH), of the paraffins, and on the 
other as alkyl derivatives, (CpH2,+1)O°H, of water, their properties 
should approach those of the corresponding paraffins and recede from 
those of water as the molecular weight increases. The second point 
has been considered in the last paper (p. 717), and we now propose 
to describe experiments which bring out the relationship of the alcohols 
to the paraffins and other hydrocarbons. 

Owing to the fact that the lowest paraffins are gaseous under 
ordinary conditions, it is not possible to deal experimentally with mix- 
tures of these paraffins with the corresponding alcohols. There are 
also very few of the paraffins which can easily be obtained in a pure 
state. n-Hexane might, indeed, be employed, as when prepared from 
pure propyl iodide and sodium it is readily purified, but it is too 
expensive a material to be used in large quantities. Benzene, how- 
ever, was found to behave in a similar manner to m-hexane, and 
it was therefore made use of in the majority of the experiments, 
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In order to obtain satisfactory results, it is necessary to employ a 
very efficient still-head. In all the experiments described in this 
paper, with the exception of those with ethyl alcohol, a 5-column 
“evaporator”’ still-head was used. For ethyl alcohol mixtures, the 
18-column Young and Thomas dephlegmator was employed.| 

A few experiments were made with n-hexane and ethyl alcohol, the 
results of which are given below. Mixtures of the carefully dried 
alcohol and hexane were distilled together and the following boiling 
points were observed : 


Temperature 
Pressure. observed. corr. to 760 mm, 
740°'l1 mm. 57°91° 58°64° 
T4885 ,, 58°33 58°74 
7644 ,, 58°83 58°67 
Mean 58°68 


dp/dt at the boiling point = 27:1 mm. per degree. 


In two cases, known weights were taken, the alcohol being in ex- 
cess, and the weights of distillate below the temperature midway 
between the boiling points of the mixture of constant composition and 
of alcohol were ascertained. From these results, the composition of 
the mixture of constant boiling point was calculated by the method 
described in the next paper, and was found to be: 


BIE ssiig vcvnscsvivenaes 21:0 per cent. 
BD Sisitietvevns seencdone 79-0 * 
100°0 ” 


When ethy] alcohol, n-hexane, and water are distilled together, a 
mixture of the three substances comes over at a constant temperature. 
One determination of this temperature was made, and it was found to 
be 56°60° at 760 mm.,or 2°08° lower than the boiling point of the 
binary alcohol-hexane mixture, 4°95° lower than that of the hexane- 
water mixture, and 21°55° lower than that of the alcohol-water mix- 
ture. These results are not very different from those observed with 
benzene, but from the point of view of the separation of water 
from alcohol they are less favourable. 


I, Methyl Alcohol. 


Methyl Alcohol and Benzene.—Known weights of pure methyl alcohol 
and benzene were distilled together ; in one case, M, the alcohol, and 
in the other, N, the benzene, was in large excess over that which was 
found to be required for the mixture of constant boiling point. The 
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weight of distillate below the middle temperature between the boiling 
point of the mixture of constant composition and that of the pure 
liquid in excess was ascertained in each case, in order to calculate the 
composition of the mixture of constant boiling point by the method 
described in the next paper (p. 752). 


Boiling points : 
Composition of mixture of 
Temperature constant boiling point. 
Pressure. obs. corr. to 760 mm. M N Mean 
M. 765°05 mm. 58:53° 58°35° Alcohol 39°5 39°6 39°55 
N. 762°3_,, 58°41 58°33 Benzene 60°5 60°4 60°45 


1000 100°0 100-00 
dp/dt at the boiling point = 28'1 mm. per degree. 


Methyl Alcohol, Benzene, and Water.—A mixture of the three sub- 
stances was distilled, but the distillate was clear and the boiling point 
was practically identical with, and certainly not lower than, that of 
the alcohol-benzene mixture. In this case, therefore, no ternary mix- 
ture of minimum boiling point is formed, and the water, instead of 
coming over, as in the case of ethyl alcohol, in the lowest fraction, 
accumulates in the still. 


Il. Ethyl Alcohol. 


The application of the results of this investigation to the preparation 
of absolute alcohol from strong spirit have been described in the paper 
which forms the first of this series (p. 707). 

Ethyl Alcohol and Benzene.—Three determinations of boiling point 
were made, the original mixture in two cases, A and B, containing 
excess of alcohol, in the third, C, excess of benzene. 


Temperature 
— 


Pressure. observed. corr. to 760 mm. 
A. 745°3 mm 67°71° 68°26° 
B. 7533 ,, 67°93 68:18 
GC. Fes « 68°49 68°29 
Mean 68°24 


dp/dt at the boiling point = 26°6 mm. per degree. 


In the mixture (, the benzene was only in slight excess, and the 
Sp. gr. of the distillate was determined in order to ascertain the com- 
position of the mixture of constant boiling point. 

The observed sp. gr., 0°86740, at 0°/4° corresponds to 32°36 per cent. 
of alcohol, assuming that no change of volume occurs on mixing she 
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two liquids. In order to test this point, the sp. gr. of a mixture con- 
taining 7'850 grams of alcohol and 17:259 grams of benzene, or 31:26 
per cent. of alcohol, was determined, and was found to be 0°86851, 
The volume of a gram corresponding to this sp. gr. is 1°1514, 
and that calculated from the composition on the assumption that 
there is no change of volume on mixing is also 1:1514. It may 
therefore be assumed that there is no appreciable contraction or 
expansion. 
The composition was also determined by distilling a known mixture 
containing a large excess of benzene, and weighing the distillate which 
came over below the middle temperature, As will be seen, the agree- 
ment is excellent : 


From sp. gr. _‘ By distillation, 


PSR 32°36 82°45 
Benzene .........00. 67°64 67°55 
100-00 100-00 


Ethyl Alcohol, Benzene, and Water.—In the course of the preparation 
of pure alcohol by distillation of strong spirit with benzene, a large 
number of determinations of the boiling point of the ternary mixture 
were made. In these cases, alcohol was of course the final product, 
but later on a few determinations were made with mixtures from 
which (1) water, (2) benzene was finally left in the still. The results 
are given below : 


Residue in Still. 


Alcohol. Water. Benzene. 
Temperature. Temperature. Temperature. | 
Press po Pres. |-——— Pree. | 
Obs. | Corr. Obs, | Corr. Obs. | Corr. 


764°7 | 65°02°| 64°85°| 761°2 | 64°94° | 64:90° | 763-2 | 64°99° | 64°87° 
753-7 | 64°62 | 64:85 | 762°6 | 64°97 | 64°87 | 7645 | 65°00 | 64°84 


753°8 | 64°62 | 64°85 763°8 65°02 64°88 EATS: 
757°35 | 64°77 | 64°87 oo Mean...| 64°85 
762°8 | 64°95 | 64°85 Mean...) 64°88 


760°2 64°85 | 64°85 
753°1 | 64°62 | 64°87 
754°5 | 64°65 | 64°85 
764°8 | 65°02 | 64°84 Final mean 64°86 
| zs 


Mean...| 64°85 


dp/dt at the boiling point =27°3 mm. per degree. 
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The ternary mixture is turbid, and separates on standing into two 
layers, of which the lower, consisting of dilute alcohol with a small 
amount of dissolved benzene, is by far the smaller. When the 
alcohol is in large excess in the original mixture and the benzene 
more than would be sufficient to take over all the water if the 
separation were complete, the liquid tends to separate into the 
three fractions: (1) benzene-alcohol-water, (2) benzene-aleohol, (3) 
alcohol. 

In this case, the distillate remains turbid until the temperature mid- 
way between the boiling points of (1) and (2) is reached, After the 
temperature begins to rise above 64°86°, the distillate becomes richer in 
alcohol and poorer in water, and the alcohol-water layer therefore 
becomes lighter. If the original mixture is poor in water, and 
especially if the temperature of the room is low, it may happen that 
the alcohol-water layer has the same, or even a lower, specific gravity 
than the benzene layer, and we have, in fact, observed the two layers 
change places as the temperature altered. 

Composition of the Ternary Mixture.—A direct determination of the 
composition of the ternary mixture was made in the following manner. 
A considerable quantity, obtained by distillation of mixtures rich in 
alcohol was redistilled, and 141°3 grams of the mixture were placed in 
a separating funnel, and water was added to separate the benzene 
more completely. The aqueous alcohol, containing a minute quantity 
of dissolved benzene, was run off, and the residual benzene was 
washed three times with small quantities of water to extract com- 
pletely the dissolved alcohol, the washings being added to the main 
quantity of dilute alcohol, The washed benzene was poured into a 
tared flask and was found to weigh 104°3 grams. The dilute alcohol 
was then distilled until the temperature rose to 78°, and the. turbid 
distillate was transferred to the separating funnel, which still con- 
tained a very small amount of benzene. This small quantity of 
turbid mixture was then treated with water as before, and the 
washed benzene separately weighed and found to amount to 0°3 
gram, 

The washings from this benzene were added to the original 
quantity of dilute alcohol, and the whole was distilled until the tem- 
perature rose to 100°. The distillate was no longer turbid even at 
first, and could not have contained more than a trace of benzene, The 
weight of distillate was 68°0 grams, and its specific gravity at 0°/4° 
was 0°95201, corresponding to 38°5 per cent. of alcohol ; the weight of 
alcohol was, therefore, 26-2 grams. The weight of water, calculated by 
difference, was 10°5 grams. The percentage composition of the ternary 
mixture is therefore : 
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DINO ic oc cacnckectaste 74:1 
PON ocd veccsndauucbuhs 18°5 
MOE xsskscnduceenaae 7-4 

1000 


The distillation method may be employed to determine the com- 


position of the ternary mixture if that of the original mixture and 


that of the binary mixture of constant boiling point are known. 

As there are three possible binary mixtures, and we may have 
alcohol, water, or benzene left in the still at the end of the distillation, 
it follows that when all three fractions are actually formed there are 
six possible methods of separation, according to the relative quantities 
of the components in the original mixture. 

In practice, five of these cases are available for the determination of 
the composition of the ternary mixture, the sixth being excluded on 
account of the very small difference between the boiling point of the 
alcohol-water mixture and that of pure alcohol. 

The other five cases were actually investigated, and details of the 
results are given in the separate paper on “ Fractional Distillation as 
a Method of Quantitative Analysis” (p. 752). It will be sufficient 
here to give the mean percentages, calculated from the five deter- 
minations, which agree very well with those obtained directly : 


By distillation. Directly determined. 
BIND, . ses <oxess 74:3 74°1 
EE  cniciosenaanias 18:2 18°5 
SEE ca sapnchonhauss 75 74 
100:0 100°0 


III. isoPropyl Alcohol. 


isoPropyl Alcohol and Benzene.—isoPropy] alcohol and benzene form 
a mixture of minimum boiling point the composition of which was 
determined by distillation of a known mixture. The details are as 


follows : 
Composition of mixture 


Weight below middle of constant —— 

Mixture taker. point. * point. Corrected. 
Alcohol 21°3 Observed 63°8 Alcohol 33°3 
Benzene 65°35 Corrected 64°1 Benzene 66:7 
86°65 ; 100-0 


* By ‘middle point” is to be understood the temperature midway between the 
boiling points of the two liquids, whether pure substances or mixtures of constant 


WITH BENZENE AND WITH BENZENE AND WATER. . 745 


The benzene was in excess in the original mixture. 
Four mixtures of isopropyl! alcohol and benzene were distilled, three 
containing alcohol and one benzene in excess. The boiling points are 


as follows : 
Alcohol in excess. Benzene in excess. 
Pressure. Temperature Pressure. Temperature 
obs. corr. to 760 mm. obs. corr. to 760 mm. 
763°5 72°01° 71°88° 765°4 + 72°11° 71:91° 
733°3 70°91 71°91 
7172°2 72°43 71°97 
Mean 71°92 General mean 71°92°. 


dp/dt at the boiling point = 26°6 mm. per degree. 


isoPropyl Alcohol, Benzene, and Water.—Having only a small 
quantity of pure alcohol at our disposal, the alcohol-water mixture of 
constant boiling point was employed, and its composition determined as 


follows : 

Mixture taken. Corresponding to 
Alcohol-water mixture 27°45 Alcohol......... 24:13 
| 86°05 Benzene......... 86°05 
WIE: intchaunnnndiceds 2°95 WR dccocscts 6:27 

116°45 116°45 


The benzene was in greatest excess, and the distillate tended to 
separate into (1) the ternary mixture ; (2) the alcohol-benzene mix- 
ture ; (3) benzene : 


Composition of ternary 
Obs. Corr. mixture, Corr. 


Weight below first middle point 83°3 83°6 Alcohol 18°'7 
Weight below second middle point 25°4 25°5 Benzene 73°8 
Water 75 


ee 


100:0 


It will be seen that the composition of the alcohol-benzene and of 
the alcohol-benzene-water mixtures of constant boiling point is nearly 
the same in the case of ethyl and of csopropyl alcohols. 

For the determination of the boiling point, five mixtures were dis- 
tilled; in one case benzene and in the other four alcohol was the 
final product left in the still. 


boiling point, into which the original mixture tends to separate, or, in the case of 
amore complex mixture, the temperature midway between the boiling points of 
any two consecutive fractions of constant boiling point. 
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Residue in still : 


Benzene. Alcohol. 
Pressure. Temperature Pressure. Temperature 
A. A. 


“obs. corr. to 760 mm. obs. corr. to 760 mm, 
747°0 mm, 65°99° 66°47° 752°6 mm. 66°29° 66°55° 
757°05 ., 66°44 66°55 
General mean 66°51 7511 4, 66°17 66°50 
753°9 ,, 66°24 66°46 


Mean 66°51 
dp/dt at the boiling point = 27-0 mm. per degree. 


IV. tert.Butyl Alcohol. 


tert.Butyl Alcohol and Benzene.—tert.Butyl alcohol and benzene 
form a mixture of minimum boiling point the composition of which 
was determined by distillation of a known mixture. The details are as 


follows : 
Composition of mixture 


Weight below middle of constant boiling 

Mixture taker. point. point. Corrected. 
Alcohol 33°8 Observed 92:0 Alcohol 36°6 
Benzene 120-0 Corrected 92:3 Benzene 63°4 
153°8 100°0 


The benzene was in excess in the original mixture. 

For the determination of the boiling point, two mixtures of ¢ert.butyl 
alcohol and benzene were distilled ; the benzene was in excess in both 
cases : 


Pressures. Temperature 
observed. corr. to 760 mm. 
755°0 mm. 73°77° 73°96° 
760°25 _,, 73°95 73°94 
Mean 73'95° 


dp/dt at the boiling point = 260 mm, per degree, 


tert.Butyl Alcohol, Benzene, and Water.—As in the case of isopropyl 
alcohol, the alcohol-water mixture of constant boiling point was used, 
but no additional water was required. The composition was deter- 
mined as follows : 
Mixture taken. Corresponding to 
Alcohol-water mixture 117°5 Alcohol ......... 103°7 
IND. <5 ..cncdseosecers Benzene......... 145-0 


eeeeeeree 
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The alcohol was in largest excess, and the distillate tended to 
separate into (1) the ternary mixture; (2) the alcohol-benzene mixture ; 
(3) alcohol : 


Composition of ternary 
Obs. Corr. mixture, Corr. 


Weight below first middle point 1693 169°7 Alcohol 21°4 
Weight below second middle point 39°9 400 Benzene 70°5 
Water 81 


—es 


100°0 


For the determination of the boiling point, two mixtures were 
distilled ; in both, the alcohol was the final product, but in one the 
second fraction consisted of the alcohol-water mixture, in the other 
of the alcohol-benzene mixture : 


Temperature 
Pressure. ‘observed, corr. to 760 mm. 
756°3 mm. 67°16° 67°30° 
75755, 67°20 67°30 
Mean 67°30 


dp/dt at the boiling point = 27°0 mm. per degree. 


V. n-Propyl Alcohol. 


n-Propyl Alcohol and Benzene.—Known weights of pure n-propyl 
alcohol and benzene were distilled together; in one case, M, the 
alcohol, and in the other, N, the benzene, was in excess over that 
which was found to be required for the mixture of constant boiling 
point. Details are given in the paper which follows, and it will be 
sufficient here to give the corrected values : 


Composition of mixture of constant boiling point. 


M. N. Mean. 
RE vccicrcabbin ts 16°9 16°9 16°9 
ae cccasdacdacs 83°] 83°1 83°1 
; 100°0 100°0 100°0 
Boiling points : 
Alcohol in excess. Benzene in excess. 
Temperature Temperature 
(men mn, 
Pressure, obs. corr. to 760 mm. Presstire, obs. corr. to 760 mm. 
769°6 mm. 77°55° 77:17° 766'4mm. 77°39° 77°13° 


7610 , 77:10 77-06 


Mean 77°11 General mean 77°12°. 
dp/dt at the boiling point = 25-0 mm. per degree. 
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n-Propyl Alcohol, Benzene, and Water.—The mixture was made in 
the same manner as with ¢ert.butyl alcohol, and its composition deter- 
mined as follows : 


Mixture taken. Corresponding to 
Alcohol-water mixture... 30:0 prep ere nen 21:55 
Er enksdcvateesesdes 120°1 I oi estsveedccced 120°10 

a TY inp edie era) 8°45 
150°1 


150°10 


The alcohol was in greatest excess, and the distillate tended to 
separate into (1) the ternary mixture, (2) the alcohol-benzene mixture, 
(3) alcohol : 


Composition of ternary 


Obs. Corr. mixture. Corr. 

Weight below first middle point... 98-1 98:4 Alcohol.... 9:0 
Weight below second middle point 46:9 47:0 Benzene... 82°4 
Water ... 86 

100°0 


The boiling points of the above mixture and of another which 
separated into similar fractions were determined : 


Temperature 


Pressure. obs. corr. to 760 mm, 
770°25 mm. 68:81° 68°42° 
76172 _—=C,),, 68°60 68°55 

Mean 68°48 


dp/dt at the boiling point = 26:3 mm. per degree. 


VI. isoButyl Alcohol. 


isoButyl Alcohol and Benzene.—The difference between the boiling 
points of the mixture of constant composition and of benzene was too 
small to admit of the distillation being stopped accurately at the 
middle point, and it was therefore only feasible to determine the com- 
position by distilling 2 mixture containing excess of alcohol : 


Composition of mixture of 
Weight below middle point. constant boiling point. 


Mixture taken. Obs. Corr. Corr. 
Alcohol 35°35 1081 108°5 Alcohol 9°3 
Benzene 98°45 Benzene 90°7 


100°0 
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Boiling point : 
Temperature 
Pressure. obs. corr, to 760 mn. 
762°25 mm. 79°93° 79°84° 


dp/dt at the boiling point = 24-0 mm. per degree. 


isoButyl Alcohol, Benzene, and Water.—On distilling a mixture of 
alcohol, benzene, and water, the benzene-water mixture of constant 
boiling point came over first. In a quantitative experiment, 6°5 grams 
of water were added to about 130 grams of the alcohol-benzene mix- 
ture, the proportions being such that the liquid should separate into 
(1) benzene-water, (2) alcohol-benzene, (3) alcohol. The boiling point 


of the first fraction was as follows: 
Temperature 


€ cale, from 
Pressure. observed. corr. to 760 mm. vapour pressures. * 
746°35 mm. 68°78° 69°31° 69°25° 


Composition of first fraction : 
Percentage of water in first fraction. 


Weight below first middle point. c 
€ “ ‘ calc. from vapour pres- 
obs. corr. corr. sures and vapour densities. 
7305 ° 78:35 8:86 8-83 


The results obtained proved conclusively that no ternary mixture is 
formed in this case, and that the mixture of minimum boiling point is 
identical with that obtained by distilling merely benzene and water 
together. 


VII. isoAmyl Alcohol. 


isoAmyl Alcohol and Benzene.—A mixture of 26°6 grams of isoamyl 
alcohol with 85:7 grams of benzene was distilled. The temperature 
rose at once to 80°27°, or slightly higher than the boiling point of 
pure benzene. It appeared, therefore, that no mixture of constant 
boiling point was being formed, and the distillate was collected 
below the middle temperature between the boiling points of benzene 
and isoamyl alcohol : 


Percentage composition of mixture. 


Weight below middle point (106°1°). Found. Taken. 

“obs. corr. uncorr. corr. 
85°55 85°85 Aleohol ... 23°8 23°6 23-7 
Benzene ... 76:2 76°4 76°3 


em 


100-0 100°0 100°0 


It is thus clear that no mixture of minimum boiling point is formed 


* Benzene and water being practically non-miscible. 
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and that both pure benzene and pure isoamy]l alcohol may be separated 
from the mixture by fractional distillation. 

isoAmyl Alcohol, Benzene, and Water.—As in the case of isobutyl 
alcohol, no ternary mixture is formed, but the mixture of benzene 
and water of constant boiling point comes over first. 


VIII. Tabulation of Data. 


For the sake of convenience, the boiling points and the composition 
of the alcohol-benzene and of the alcohol-benzene-water mixtures of 
constant boiling point are tabulated below : 


Alcohol-Benzene. 


hol i 
Boiling point (760 mm.). a ica 
Name. 
| Alcohol. Mixture. | By weight. | Molecular. 
| . ‘ 
Methyl alcohol............... |  64°70° 58°34° 39°55 61°4 
Ethyl BA, aicedndice toakenss | 78°30 68°24 32°36 44°8 
Be, co nnmisecesone | 82°44 71°92 33°3 | 9° 
NN gs cos csvesessesse 82°55 73°95 36°6 37°7 
SR 97°19 77°12 16°9 20°9 
SET ds, occcéccssccces 108 °06 79°84 9°3 9°71 
MITE 6 nen cecces coves | 182°05 ae _ _ 


It will be seen that the boiling points of the mixtures and the 
molecular percentages of alcohol in them follow the same order as the 
boiling points of the pure alcohols. 


Alcohol-Benzene-Water. 


Composition of mixture. 


Boiling é 
Name. point at Weight percentage. Molecular percentage. 
760 mm. i 


Alcohol. Benzene.| Water. | Alcohol. | Benzene.| Water. 


| 
| 
| 


— | — 


Methyl alcohol ... 


Ethyl ese 94°86° | 18°5 74°1 74 22°8 53:9 | 23:3 
isoPropyl - ,, ..-| 66°51 18°7 73°8 7°5 18°6 56°5 24°9 
tert.Butyl ,, ...| 67°30 | 21°4 70°5 81 17°5 550 «| 275 
m-Propyl ,,  ...| 68°48 9°0 82°4 8°6 8°9 62'8 28°3 | 
izoButyl _,, ani mn : a aioe pes 


isoAmyl y ee _ 


_ ———— a 


SS 
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Referring first to the table of alcohol-water boiling points in the 
previous paper (p. 735), it will be seen that as the boiling points of the 
alcohols fall there is a rapid and fairly regular diminution in the differ- 
ences between the boiling points of the alcohols and of the respective 
alcohol-water mixtures of constant boiling point, and as this difference 
has fallen in the case of ethyl alcohol to 0°15, it is clear that with methyl 
alcohol, if a binary mixture of constant boiling point could exist, it 
would boil somewhat higher than pure methyl alcohol, but, of course, 
a mixture of constant boiling point could not be formed under such 
conditions. 

As regards the alcohol-benzene mixtures of constant boiling point, 
passing from methyl to isobutyl alcohol the boiling points are in the 
same order as those of the alcohols, those of isobutyl alcohol and benzene 
being very near together. If isoamyl alcohol and benzene formed a 
mixture of constant boiling point, it would boil higher than benzene ; 
it cannot therefore exist, and it may be stated that no alcohol which 
distils at a higher temperature than isoamy] alcohol would form a mixture 
of constant boiling point with benzene. 

By reference to the table of the alcohol-water boiling points in the 
previous paper and to the tables of alcohol-benzene and of alcohol- 
benzene-water boiling points given above, it will be seen that taking 
the four alcohols, ethyl, isopropyl, éert.butyl, and n-propyl, there is a 
rise of 9°57° in the case of the alcohol-water mixtures, 8°88° with the 
alcohol-benzene mixtures, but only 3°62° in the case of the ternary 
mixtures, 

From the last table, it would appear that the boiling point of the 
methyl alcohol ternary mixture, if it existed, would be not lower than 
60°, but the boiling point of the methyl alcohol-benzene mixture is 
58:34° and as this is lower than that of either the hypothetical ternary 
mixture, the binary benzene-water mixture, or the alcohol itself, the 
alcohol-benzene mixture is the one which must come over in the first 
fraction. 

With regard to isobutyl alcohol, the ternary mixture, if formed, 
would evidently have a boiling point above 69° and probably above 
69:25°, that of the water-benzene mixture of constant boiling point. As the 
boiling points of the alcohol-benzene mixture, 79°84°, and of the alcohol- 
water mixture, 89°82°, are both higher than 69°25°, it was a question 
whether the first fraction would consist of the ternary mixture or of 
the benzene-water mixture. The result of the distillation showed that 
the ternary mixture is not formed and it may be concluded that no 
alcohol with a higher boiling point than that of isobutyl alcohol would 
form such a mixture, and that in all such cases the first fraction would 
consist of benzene and water. This was actually found to be the 
case with isoamyl alcohol. 
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In conclusion, it may be pointed out that the behaviour on distillation 
of a mixture of a saturated monohydric aliphatic alcohol with benzene 
and water is closely related to the boiling point of the alcohol. 

In the case of the lowest member of the series, methyl alcohol, the 
first fraction consists of the binary alcohol-benzene mixture; with 
isobutyl alcohol and all others of higher boiling point, the first fraction 
is the binary benzene-water mixture; as regards the alcohols of 
intermediate boiling point, the first fraction in the case of the four 
alcohols examined is the ternary mixture, but for the three alcohols, 
sec.butyl alcohol, dimethylethylcarbinol, and ¢ert.butylcarbinol, the 
boiling points of which are intermediate between those of n-propyl 
and isobutyl alcohols, the question whether the first fraction would 
consist of the ternary mixture or the benzene-water mixture can only be 
decided by experiment. It seems, however, not unlikely that the ternary 
mixture would be formed, at any rate, with sec.butyl alcohol. 


UNIvERsITY COLLEGE, 
BRISTOL, 


LXXV1.—Fractional Distillation as a Method of 
Quantitatiwe Analysis. 


By Sypnry Youne, D.Sc., F.R.S., and Emity C. Fortsy, B.Sc. 


In a paper by one of us entitled ‘“‘ Experiments on Fractional Distilla- 
tion” (J. Soc. Chem. Ind., 1900, 19, 1072), it was pointed out that the 
composition of a mixture of homologous substances could in many cases 
be ascertained with a fair degree of accuracy from the results of two 
or three fractional distillations with an efficient still-head, or in the 
case of a mixture of two components which are not difficult to separate, 
from the result of a single distillation. 

The method depends on the following facts:—Taking first the 
simplest case, that of a mixture of two liquids, it is found that the 
weight of distillate which comes over below the middle point* is almost 
exactly equal to that of the component of lower boiling point, even 
when the separation is very far from complete. 

If the original mixture contains more‘than two, say”, components, the 
weights of these components will be very nearly equal respectively to 
(1) the weight of distillate below the first middle point, (2 to n — 1) the 

* By middle point is to be understood the temperature midway between the 
boiling points of the two liquids, whether pure substances or mixtures of constant 
boiling point, into which the original mixture tends to separate ; or, in the case of 
a more complex mixture, the temperature midway between the boiling points of any 
two consecutive fractions of constant boiling point. 
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weights of distillate between the successive middle points, (mn) the 
weight above the last middle point. 

Only two mixtures of substances which are not homologous—methyl 
alcohol-water and isoamyl alcohol-benzene—and which separate 
normally into the two components, have been examined, but a con- 
siderable number of cases in which mixtures of minimum boiling 
point are formed have been investigated, and it has been found that 
such mixtures of constant boiling point behave like pure 
liquids. Thus, if the composition of the mixture of minimum boiling 
point is known, that of the original mixture may be calculated from 
the weight of distillate below the middle point, and, on the other hand, 
if the composition of the original mixture is known, that of the mix- 
ture of minimum boiling point may be calculated. The same remarks 
would apply to binary mixtures of maximum boiling point, such as that 
of formic acid and water, but so far we have not examined any such 
mixture. 

It is obvious that there must be some loss of liquid by evaporation, 
which makes the weight of distillate somewhat too low. This loss will 
be greater as the initial boiling point is lower, and as the temperature 
of the room is higher. It is not proportional to the amount of liquid 
distilled, for a great part of the loss is caused by the saturation of 
the air in the flask and still-head while it is being expelled by the 
rising vapour. Under otherwise similar conditions, the loss is there- 
fore roughly proportional to the volume of air in the still and still- 
head, that it is advantageous to use as small a flask as possible and 
to employ a still-head of as small capacity as is consistent with efficiency. 
A plain, wide still-head or one with spherical bulbs is the least satis- 
factory, but the “ pear” still-head, owing to the diminished capacity of 
the bulbs and the increased efficiency, gives much better results. Of 
all forms, the “‘ evaporator ” still-head is the best, because the capacity 
is relatively small, and the amount of condensed liquid ‘in it is smaller 
than in any other of equal efficiency, and because almost the whole of 
the liquid returns to the still at the end of the distillation. 

With a liquid of low viscosity, like one of the paraffins, the quantity 
of liquid left in the still-head is almost inappreciable, and in other 
cases it may be reduced to a very small amount by disconnecting the 
apparatus while still hot from the condenser, shaking out any liquid 
remaining in the funnels, and tilting the tube from side to side to 
facilitate the flow of the residual liquid back to the still.* 

When the liquid left at the end of the distillation was n-hexane, 
hardly a trace was visible in the still-head after cooling, even when left 

* Ina new form of ‘‘evaporator” still-head, which will be described later, the 


little funnels are done away with, and the tube merely requires to be tilted while 
still hot, 
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in position, whilst with benzene as the final liquid, the amount could 
certainly be reduced to 0°l gram by taking down the still-head while 
hot, as described. 

For these reasons, the “ evaporator ” still-head was used for all deter- 
minations, except when ethyl alcohol, benzene and water, ethyl alcohol 
and hexane, or ethyl alcohol and water were distilled together. 

As an example of the estimation of loss by evaporation, we may cite 
the distillation of mixtures of methyl alcohol and benzene, one with 
benzene, the other with methyl alcohol in excess over the amount 
present in the mixture of constant boiling point, 

In each case, the distillation was stopped when the middle point 
was reached, and the liquid left in the still after cooling was weighed. 


The results obtained were as follows: 
Benzene in Alcohol in 


excess. excess. 

Weight of distillate .............cccceseeeee 128°7 132-0 
Weight of liquid in still ...............48. 24°9 27:2 
Rs sccenscescicccesesandeassee veins 153°6 159°2 
Weight of mixture taken ........ \esinedes 1542 160°1 
Loss by evaporation and in still-head ... 0°6 0°9 


When the benzene was in excess it is quite certain that the weight 
of it left in the still-head was not greater than 0:1 gram, and the loss 
by evaporation was therefore taken to be 0°5 gram, and in the calcula- 
tion of composition this amount was added to the observed weight of 
distillate. 

Allowing the same amount, 0°5 gram, for loss by evaporation 
in the second distillation, that would leave 0:4 gram as the weight of 
liquid—mostly methyl alcohol—in the still-head, an amount which 
appears quite reasonable, for this more viscous liquid did not flow back 
nearly so freely, and there was a visibly much larger amount left in 
the still-head. 

When the “evaporator” still-head was employed, the correction 
applied for loss by evaporation was usually 0°4 or 0°3 gram. With 
the 18-column dephlegmator, which was used for the other distillations, 
the loss was certainly greater, but could not be accurately estimated. 


EXPERIMENTAL, 
Methyl Alcohol and Water. 


Two determinations were made to test the value of the method, 
mixtures of known composition being distilled, in one of which the 
alcohol, in the other the water, was in large excess. 
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Methyl alcohol in large excess. 
Boiling points: Methyl alcohol, 64°7°; water, 100°0°; middle point, 


82°35°. 


| Percentage composition of mixture. 


Mixture taken. sien Found. 
Taken, 
| Uncorrected, | Corrected. 
Alcohol 90°9 | Observed 90°5 | Alcohol 78°5 | 78°7 78°8 
Water 24°4 Corrected 90°8 | Water 21°5 | 21°3 21°2 
115°3 | | 100° | 1000 100°0 


Water in large excess. 


es 


Percentage composition of mixture. 
Mixture taken. bere ho Found. 
SE Le Taken. 
Uncorrected. Corrected. 
Alcohol 39°7 Observed 33°9 Alcohol 16°9 17°0 19°7 
Water 161°5 Corrected 34°2 Water 83°'1 83°0 80°3 
201°2 | 100°0 100°0 100°0 


This second result is apparently unsatisfactory, but it is always 
difficult to separate the more volatile component of a mixture when 
present in relatively small amount, and, in such a case, a second distil- 
lation is usually necessary. The first distillation was therefore 
continued until the temperature reached 100°, and the whole of the 
distillate, weighing 66°8 grams, was then redistilled, and the double 
correction for loss by evaporation was applied. The weight below the 
middle point was now 38°9, corrected 39°5, giving the percentage 
composition : 


Uncorrected. Corrected. Taken. 
Alcohol ...... 00006 19:3 19°6 19°7 
Wee cescccmacs 80-7 80°4 80°3 
100°0 100°0 100°0 


Tt will thus be seen that, by repeating the distillation, the result was as 
satisfactory as that given by a single distillation when the alcohol was 
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in excess. Even without correcting for loss by evaporation, the agree- 
ment is fairly good, but it is much improved by introducing the 
correction. 
isoAmyl Alcohol and Benzene. 
Boiling points: benzene, 80°2°; isoamyl alcohol, 132°05° ; middle 
point, 106°1°. 


| 
| Percentage composition of mixture. 


| 


Mixture taken. 


Weight below 


middle point. Found. 


Uncorrected. Corrected. | 


Alcohol 26°6 Observed 85°55 Alcohol 23°8 23°6 23°7 
Benzene 85°7 Corrected 85°85 Benzene 76°2 76°4 76°3 


112°3 100°0 100°0 1000 


The separation is here an easy one and the agreement is exceedingly 
good. 

Mixtures of Constant Boiling Point. 

The first two experiments serve to show that the quantity of a 
mixture of constant boiling point may be estimated by the distillation 
method in the same way as a pure substance. The methods of ex- 
periment and of calculation are similar in all respects. 

For the sake of brevity, a mixture of constant boiling point of two 
components will be referred to in this paper asa “ binary” mixture and 
a mixture of constant boiling point of three components as a “ ternary” 
mixture. 

isoPropyl Alcohol and Water. 

Boiling points: binary mixture, 80:37°; water, 100°0°; middle point, 

90°2°. 


Percentage composition of mixture. 


Weight below | Found. 


Mixture taken. middle point. 


Uncorrected. Corrected. 


Binary \ 57°7 Observed 57°3 Binary }is 656 74°05 


mixture f mixture 
Water 20°1 Corrected 57°6 | Water 26°35 25°95 


77°8 | 10000 100°00 


The agreement in this case is perfectly satisfactory. 
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tert.Butyl Alcohol and Water. 
Boiling points: binary mixture, 79°91° ; water, 100°0°; middle point, 
89°95°. 


Percentage composition of mixture, 


Weight below Found. 


Mixture taken. middle point. 


Uncorrected. Corrected. 


Binary \58°8 Observed 58:2 | Binary }o5-9 66°25 66°6 
mixture mixture 


Water 29°5 Corrected 58°5 Water 34°1 33°75 33°4 


—= 


88°3 100°0 100°00 100°0 


Here the agreement is not quite so good, but may be regarded as 


fairly satisfactory. 
In the following experiments, the composition of the mixtures of 
minimum boiling point was calculated from the results of the dis- 


tillations. 
n-Propyl Alcohol and Water. 


For this distillation, a mixture of dry n-propyl alcohol with water 


was employed. 
Boiling points: binary mixture, 87°72°; water, 100°0°; middle point, 
93°85°, 


Percentage composition of binary mixture. 


Mixture taken, | Weight below By distillation. 


middle point. From specific 


gravity. 


Uncorrected. Corrected. 


Alcohol 76°6 Observed 106°4 Alcohol 72°0 71°8 71°69 
Water 50°0 Corrected 106°7 Water 28°0 28°2 28°31 


126°6 100°0 100°0 100°0 


The calculation is based on the following considerations. If the 
fractionation were complete, the original mixture would separate into 
(1) the binary mixture containing the whole of the alcohol, (2) the 
excess of water. The weight of the binary mixture is given by the 
corrected weight of distillate below the middle point, and thus the 
Weight of alcohol in the binary mixture and that of the binary mix- 
ture itself are ascertained. 

VOL, LXXXI, 
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The statement may be made, generally, thus: The ratio of the 
weight of the component not in excess in the original mixture to the 
corrected weight of distillate is equal to the proportion of that com- 


ponent in the binary mixture. 
Thus, in the actual distillation: Weight of alcohol=76°6 grams; 


weight of binary mixture = corrected weight of distillate below middle 
point=106°7 grams. Percentage of alcohol in binary mixture= 


76°6 x 100 
T0677 71°8. 
The determination of the composition of the binary mixture by 
means of the sp. gr. has already been referred to in the paper on the 
properties of mixtures of the lower alcohols with water. 
It will be seen that the agreement is very satisfactory. 


isoAmyl Alcohol and Water. 


1. Water in excess. 
Boiling points: binary mixture, 95:15°; water, 100°0°; middle 


point, 97°6°. 


Percentage composition of binary 
mixtures. 


Weight below 


Mixture taken. 


middle point. 
Uncorrected. Corrected. 
Alcohol 38°8 Observed 76°4 Alcohol 50°8 50°5 
Water 69°5 Corrected 76°9* Water 49'2 49°5 
108°3 100°0 100°0 


* The correction introduced is slightly larger than usual on account of a minute 
loss of vapour during the distillation. 


2. Alcohol in excess. 
Boiling points: binary mixture, 95°15°; alcohol, 132-05°; middle 


point, 113°6°. 


Percentage composition of binary 
Weicht bel mixture. 
* eig elow 
Mixture taken. middle point. 
Uncorrected. Corrected. 
Alcohol 68°3 Observed 85°65 Alcohol 50°1 50°3 
Water 42°7 Corrected 85°95 Water 49°9 49°7 
“111-0 100°0 100°0 


The agreement between the corrected values is very satisfactory. 
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Methyl Alcohol and Benzene. 


759 


These determinations have already been referred to in estimating 


the loss by evaporation ; full details are given below: 


1, Benzene in excess. 
Boiling points: binary mixture, 58°34°; benzene, 80'2°; middle 


point, 69°25°. 


Percentage composition of binary 


Weicht bel mixture. 
: eig elow 
Mixture taken, middle point. 
Uncorrected, Corrected. 
Alcohol 51°2 Observed 128°7 Alcohol 39°8 89°6 
Benzene 103°0 Corrected 129 ‘2 Benzene 60°2 60°4 
154°2 100°0 100°0 


2. Methyl alcohol in excess. 
Boiling points: binary mixture, 58°34°; methyl alcohol, 64°7°; 


middle point, 61°5°. 


Percentage composition of binary 


Weight bel mixture. 
, eig elow 
Mixture taken. middle point. 
Uncorrected. Corrected. 
Aleohol 79°9 Observed 132°0 Alcohol 39°2 89°5 
Benzene 80‘2 Corrected 132°5 Benzene 60°8 60°5 
~ 160°1 100°0 100°0 


Ethyl Alcohol and Benzene. 


Only one determination was made, the benzene being in excess, but 
the composition of the binary mixture was also ascertained by a deter- 
mination of its sp. gr. as described in the previous paper (p. 741). 

Boiling points: binary mixture, 68°24°; benzene, 80°2°; middle 


point, 74:2°, 


3 E 2 
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Percentage composition of binary mixture. 


Mixture taken. Weight below By distillation. 
middle point. | From 
specific 


Uncorrected. | Corrected. gravity. 


Alcohol 25°7 Observed 78°9 Aleohol 82°6 82°45 82°36 
Benzene 78°5 Corrected 79°2 Benzene 67°4 67°55 67°64 
104°2 100°0 100°00 100°00 


Ethyl Alcohol and Hexame. 


Two distillations were made, the mixture in each case containing 
excess of alcohol, but both the relative and actual quantities differed 
considerably. The 18-column dephlegmator was employed. 

Boiling points: binary mixture, 58°68°; alcohol, 78°3°; middle 
point, 68°5°. 


Composition of binary mixture. 
: Weight below 
Mixture taken. middle point. 
Uncorrected. Corrected. 
I. Alcohol 127°7 Observed 161°1 Alcohol 20°3 20°8 
Hexane 128°4 Corrected 162°1 Hexane 79°7 79°2 
256°1 100°0 100°0 
II. Alcohol 72°5 Observed 52°8 Alcohol 20°5 21°3 
Hexane 42°0 Corrected 53°4 Hexane 79°5 78°7 
114°5 100°0 100°0 


The agreement between the two corrected values is fairly satisfac- 
tory ; the percentage of alcohol was taken to be 21°0. 


n-Propyl Alcohol and Benzene. 


In this case, two distillations were carried out, one of a mixture 
with benzene in excess, the other with alcohol in excess. 


1. Benzene in excess. 
Boiling points: binary mixture, 77:12°; benzene, 80°2° ; middle 
point, 78°65°. 
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2. Alcohol in excess. 
Boiling points: binary mixture, 77:12°; alcohol, 97°19°; middle 
point, 87°15°. 


| Percentage composition of binary 
Weicht bel | mixture. 
; eig elow 
Mixture taken. middle point. | 
| Uncorrected. Corrected. 
Benzene in exoess. 
Alcohol 26°95 Observed 158°8 Aleohol 17°0 16°95 
Benzene 163°25 Corrected 159°2 Benzene 83°0 83°05 
190°2 100°0 100-00 
Alcohol in excess. 
Alcohol 40°'2 Observed 96°0 Alcohol 16°7 16°95 
Benzene 80°0 Corrected 96°3 Benzene 83°3 83°05 
120°2 100°0 100°00 


Here there is perfect agreement between the two corrected values. 


Composition of a@ Ternary Mixture. 


When a mixture of three liquids gives rise, on distillation, to the 
formation of a ternary mixture of minimum boiling point, the separ- 
ation may, theoretically, take place in twelve different ways, and, in 
addition to these, if the original mixture had the same composition as 
the ternary mixture, its behaviour on distillation would be precisely 
that of a pure liquid. 

Determinations were actually made with only one set of three’ 
liquids, and we may take this case, that of a mixture of ethyl alcohol, 
benzene, and water, as a typical one. For the sake of convenience, 
we will use the initial letters, A, B, and W, to represent the three 
components, 

The possible cases are as follows : 


First fraction. Second fraction. Residue. 
1 A.B.W A.W WwW 
2. ‘a B.W W 
3. - A.W A 
4, 99 A,B A 
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First fraction. Second fraction. Residue. 

5 A.B.W B 

6. ‘ee A.B B 

7. ne — A 

8, - — B 

9. ” — WwW 
10, a — A.B 
11. Pe — A.W 
12, " a B.W 
13. ” —_ — 


The first six cases, and, on redistillation of the first fraction, the 
last, would be those commonly met with. For cases 7, 8, and 9, the 
relative quantities of two of the liquids would have to be precisely the 
same asin the ternary mixture, the third liquid being in excess, With 
regard to cases 10, 11, and 12, the composition of the original mixture 
would have to be exactly such as would be obtained by mixing together 
the pure ternary mixture with any one of the three pure binary mix- 
tures, although, of course, any proportion of these two mixtures might 
be taken. Even if these conditions as regards cases 7 to 12 were 
fulfilled, it is doubtful whether, owing to imperfect separation, the re- 
sults specified in the above table would be actually attained, but the 
matter has not been examined experimentally. 

Of the first six cases, the third, when ethyl alcohol is employed, is 
unrealisable in practice, owing to the very small difference between 
the boiling points of the second fraction (A.W) and the residue (A). 

Mixtures, however, tending to separate in the other five ways speci- 
fied, were employed for the determination of the composition of the 
ternary mixture. 

In order to calculate this, it is necessary to know, not only the com- 
position of the original mixtures, but also that of the binary mixture 
forming the second fraction. The composition of each of the three 
binary mixtures is now known, and, for convenience of reference, the 

‘boiling points of all possible fractions, and the percentage composition 
of the binary mixtures, are given below: 


Percentage composition. 
a 


a 


Boiling points. 


eeereeeseeee 


eee eeeese 
eeeeeeeee 


eeeeereee 


corms 
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In making up the original mixture, the materials employed were (1) 
99°5 per cent. (by weight) alcohol, (2) pure benzene, (3) pure water, 
(4) the binary A.B. mixture. 


I. 


Fractions: A.B.W.; A.W.; W. Middle points 71'53° and 89°1°. 


Weights below middle Composition of ternary 
points. mixture. 
Mixture taken. 
Observed. Corrected. Uncorrected. Corrected, 

A. 66:0 (1) 99°5 99°9 A. 16°7 16:5 
B. 74°2 (2) 51°7 51°8 B. 74°6 74:3 
W. 50°5 W.. 87 9:2 
190°7 100°0 100°0 


by difference. 


II a and II 8, 


Two mixtures were distilled in this case, 
Fractions: A.B.W,; W.B.; W. Middle points 67:05° and 84°6°. 


In making the calculation, it is assumed, as before, that the corrected 
weights of the two distillates are equal to those of the ternary and 
binary mixtures respectively, which would be obtained if the separ- 
ation were perfect. 

That being so, in the above case, the weight of benzene in the 
ternary mixture is simply that of the benzene taken; the weight 
of alcohol in the ternary mixture is the weight taken less that in the 
binary mixture, which can be calculated ; the weight of water is given 


Weights below middle Composition of ternary 
points. mixture. 
} Mixture taken. 
Observed. | Corrected. Uncorrected. Corrected, 
| 
Ila, 

A. 18°4 (1) 94°9 95°38 A. 19°4 19°3 

B. 120°0 (2) 54°0 54°1 B. 74°6 74°2 

W. 52°1 W. 6:0 6°5 

190°5 100°0 100°0 
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Weights below middle 


Composition of ternary 


point. mixture. 
Mixture taken. 
Observed. Corrected. Uncorrected. Corrected. 
IIb. 
A. 18°5 (1) 95°3 95°7 A. 19°4 19°3 
B. 90°0 (2) 20°7 20°8 B. 74°6 74°3 
W. 54:3 WwW. 6°0 6°4 
162'8 100°0 100°0 


Vv. 99 
VI. ” 


The agreement between the two results, notwithstanding the different 
relative quantities in the original mixture, is remarkable. 


IV. Fractions: A.B.W.; A.B.; A. Middle points 66°55° and 73:3° 
A.B.W.; B.W; B. 
A.B.W.; A.B.; B. 


” 67°05 ,, 74:7 
”» 66°55 ,, 74:2 


Mixture taken. 


Weight below middle 
point. 


Composition of ternary 
mixture. 


Observed. 


Corrected. 


Uncorrected. Corrected. 
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Weight below middle Composition of ternary 
point. mixture. 
Mixture taken. 
Observed. Corrected. Uncorrected. Corrected. 
. 2 | 
VI. 

A. 385°0 (1). 111°6 112°0 A. 19°0 18°9 
B. 148°3 (2). 42°6 42°7 B. 74°2 74°3 
W. 76 W. 6°8 6°8 
190°9 100°0 100°0 


The composition of the ternary mixture was directly determined, as 
described in the previous paper. The results of this determination 
and the mean of the results obtained by distillation, taking Ila and 
IJd as a single determination, are given below : 


: By distillation 
Direct - A = 
determination. uncorrected. corrected, 
Alcohol ............ 18°5 18°3 18°2 
Benzene............ 74:1 74:4 74:3 
EE eee ices 74 7°3 75 
100°0 100°0 100°0 


The agreement may be regarded as extremely satisfactory, although 
some of the individual values, especially those of alcohol and water in 
I, differ somewhat widely from the means. The explanation of the 
rather large errors in the first distillation is given on p. 767. 


Cases to which the Distillation Method is inapplicable, 


Of the numerous mixtures investigated, two only, n-hexane-benzene 
and ethyl alcohol-water, have given unsatisfactory results. 

The relation of boiling point to molecular composition is very similar 
for both these mixtures ; in both cases, the addition of moderate quan- 
tities of the less volatile component has very slight effect on the 
boiling point, but whereas with ethyl alcohol and water there is un- 
doubtedly a definite mixture of minimum boiling point, the experimental 
results do not indicate with certainty whether benzene and n-hexane 
behave in this way, although it is extremely probable that such a 
mixture, boiling less than 0-05° lower than n-hexane, is actually formed. 

The boiling points of various mixtures of benzene and hexane have 
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been determined by Jackson and Young (Trans,, 1898, '73, 922), and 
@ curve was drawn to represent the relation between the molecular 
composition and the boiling points. This curve is well reproduced by the 
formula ¢ = 68'97° — 0:0134m + 0:001366m? — 0:0,1360m! + 0°0,1248m!, 
where ¢ is the boiling point of the mixture and m the molecular 
percentage of benzene. 

In the following table are given the molecular percentages of benzene 
and the boiling points, observed and calculated : 


Boiling points. Boiling points. 
Molecular Molecular 
— percentage 
of benzene. . : ” 
_ Observed oe A oF Dengan Observed —— A 
0 68°95°| 68°97°| +0 “02° 67°1 72°70° | 72°64°| —0-06° 
6°0 69°00 68°94 | —0°06 | 69°4 73°01 72°97 | —0°04 
Ts 68°96 68°94 | —0°02 79°6 74°67 74°71 | +0°04 
12°6 69°00 69°00 0 80°4 74°75 74°87 | +0°12 
18°6 69°14 69°12 | —0°02 86°4 76°12 76°19 | +0°07 
29°3 69°47 69°50 | +0°03 89°8 76°91 77°05 | +0°14 
33°8 69°72 69°72 0 90°9 77°20 77°35 | +0°15 
41°9 70°17 70°19 | +0°02 92°7 77°75 77°85 | +0°10 
49°] 70°70 70°72 | +0°02 94°5 78°49 78°38 | -—0°1l 
49°9 70°70 70°79 | +0°09 95°7 78°80 78:74 | -—0°06 
55-4 71:42 | 7128 | -014|| 100-0 80:20 | 80°17 | -0-03 


The formula appears to represent the results with sufficient accuracy 
to permit of its being employed for the calculation of the minimum 
boiling point. The calculated boiling points for mixtures containing 
1,2,. .. 10 per cent. are given below, and it will be seen that the 
minimum boiling point is 68°935°, or 0°035° below the calculated 
boiling point of n-hexane, 


of benzene. calculated. of benzene. calculated. 


Molecular percentage | Boiling point | Molecular percentage | Boiling point 
| 


68°970° | 


0 6 68°936° 
1 68958 | 7 68°939 

2 68°949 | 5 68°944 

3 68°942 | 9 68:951 

4 68°937 | 10 68°960 

5 68°935 | 


It would appear from the above table that the mixture of minimum 
boiling point contains about 5 mols. per cent. of benzene, but the 
actual composition is somewhat uncertain owing to the flatness of the 
curve in this neighbourhood, 
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The estimation of the composition of a mixture by distillation is 
possible when the separation of the components, whether single sub- 
stances or mixtures of constant boiling point, is practicable. In the 
case of ethyl alcohol and water, where the separation would be that of 
alcohol-water from water, we found that repeated fractional distil- 
lation with the most efficient still-head failed to give the pure mix- 
ture of constant boiling point. From a mixture of benzene and 
n-hexane it is impossible to separate either pure hexane or a mixture 
of constant composition. The following facts, bearing on this point, 
may be noticed about the benzene-hexane mixtures. (1) Benzene 
must be added until the mixture contains about 16 mols. per cent. 
before the boiling point rises 0°1° above that of hexane ; (2) the boiling 
point of a mixture containing equal molecular proportions is 70°8°, or 
the rise of temperature is only 1°85° out of 11°25°, the difference be- 
tween the boiling points of the pure components; (3) the mixture 
which has the boiling point 74°6°, midway between those of hexane and 
benzene, contains 79 molecules per cent. of benzene. 

The ethyl alcohol-water curve, constructed from the data given by 
Noyes and Warfel (J. Amer. Chem. Soc., 1901, 28, 463), is very similar 
in form to the n-hexane-benzene curve, but cannot be represented by 
so simple a formula. The following facts may be stated. (1) Water 
must be added until the mixture contains about 25 molecules per cent. 
before the boiling point rises 0°1° above that of pure alcohol; (2) the 
boiling point of a mixture containing equal molecular proportions is 
about 79°8°, or the rise of temperature is only 1‘5° out of 21°7°, the 
difference between the boiling points of the pure components; (3) the 
mixture which has a boiling point 89:15°, midway between those of 
alcohol and water, contains about 93°5 mols. per cent. of water. ‘ 

On distilling mixtures containing from 15 to 25 per cent, by weight 
of water through the 18-column dephlegmator and calculating the per- 
centage of water in the mixture of constant boiling point in the usual 
way from the weight of distillate below the middle point, values from 
76 to 8, instead of 4°43, per cent. were obtained, showing that too 
much water was carried down. Referring back to the calculation of 
the composition of the ternary ethyl alcohol-benzene-water mixture 
from the first distillation, if we take 7°8 as the percentage of water in 
the binary W.A mixture, the calculated composition of the ternary 
mixture would become : 


Be oisviasesscessessases 18-2 
BP sbopesttasesss: duces 74:3 
WW Stngiv ese deenvibindst 75 

100-0 


which agrees very well with that directly observed. 
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General Conclusions. 


From the foregoing results, it will be seen that the distillation 
method, provided a very efficient still-head is used, may in the 
great majority of cases be safely employed for the determination of 
the composition of a mixture. Butit must be borne in mind that from 
a mixture of two liquids it is almost always more difficult to separate 
the more volatile than the other component, and, therefore, if the 
original mixture contains a relatively very small amount of the more 
volatile component, a second distillation may be necessary, and a large 
quantity of the original mixture would be required in order to give a 
sufficient amount of distillate for a second operation. In such a 
case, the best plan is to continue the distillation the first time until 
the, boiling point of the less volatile constituent is reached. No 
separation into fractions is necessary, but the whole of the distillate 
should be employed for the second operation, and the weight below 
the middle point then ascertained. A double correction for loss by 
evaporation must be introduced. 

As regards the separation of three or more substances from a mix- 
ture, it may be pointed out that, as a general rule, the order as regards 
facility of separation is as follows: (1) the least volatile component, 
(2) the most volatile component, (3) the intermediate components. 

It appears to be only when the curve representing the relation be- 
tween boiling point and molecular composition is exceedingly flat at 
either end, as is the case for ethyl alcohol-water and for n-hexane- 
benzene when the more volatile component is in large excess, that the 
method is inapplicable. 
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LXXVII.—The Vapour Pressures and Boiling Points of 
Mixed Inquids. Part I. 


By Sypney Youne, D.Sce., F.R.S. 


Ir is well-known that when two non-miscible liquids are placed 
together in a vacuous space, the pressure exerted by the vapour is 
equal to the sum of the vapour pressures of the two substances when 
heated separately to the same temperature. If the two liquids are 
distilled together, the boiling point will be that temperature at which 
the sum of the two vapour pressures is equal to the barometric pressure. 
It will therefore be lower, frequently much lower, than the boiling 
point of either pure substance. 
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If the two liquids are miscible within limits, the vapour pressure 
will be lower than the sum of the vapour pressures of the components 
but will, in general, be higher, and the boiling point will be lower, than 
that of either pure component. 

In the case of liquids miscible in all proportions, the vapour pressure 
and the boiling point may lie between those of the compounds or they 
may be higher or lower than those of either component ; it is therefore 
not possible to make any general statement as to the relation of the 
vapour pressures or of the boiling points of such mixtures to those of 
their components. 

The question, however, what should be regarded as the normal 
behaviour of two liquids miscible in all proportions has been discussed 
by several investigators. Guthrie (Phil. Mag., 1884, [v], 18, 517) 
concluded that if we could find two liquids showing no contraction, 
expansion, or heat change on mixing, the vapour pressures should be 
expressed by a formula which reduces to 


_ p.P,+(100—p)P,, 


P 100 


where P, P,, and P, are the vapour pressures of the mixture and of 
the two components A and B respectively at the same temperature, and p 
is the percentage by weight of the liquid A. In other words, the 
relation between the vapour pressure and the percentage composition 


by weight should be represented by a straight line. 

Van der Waals (Proc. Roy. Acad. Amsterdam, 1900, 3, 170) con- 
siders that if the critical pressures of the two liquids are equal, and if 
the relation suggested by Galitzine and by Berthelot, a,.= »/d-y, 
holds good (a). represents the mutual attraction of the unlike mole- 
cules, a, and a, the attractions of the like molecules), the relation 
between vapour pressure and molecular composition should be repre- 
sented by a straight line ; or the equation already given should hold 
good if p is the molecular percentage of A. 

Kohnstamm (Jnaug. Diss. Amsterdam, 1901) has determined the 
vapour pressures of various mixtures of carbon tetrachloride and 
chlorobenzene, the critical pressures of which, 34180 mm. and 33910 
mm., are nearly equal, and finds that the curvature, in this case is not 
very marked. At the temperature of experiment, the maximum 
deviation from the straight line amounted to a little over 6 mm. on a 
total observed pressure of 93°7 mm., or about 6°5 per cent. 

It seems reasonable to suppose that the molecular attractions a,, a, 
and @,., should be most nearly equal, and the relation a,.. = Jay "dy 
most likely to be true in the case of very closely related chemical com- 
pounds, such as the halogen derivatives of benzene, for which I have 
shown that many simple physical relations hold good. Thus the 
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critical pressures are equal or very nearly so; the ratio of the boiling 
points on the absolute scale is the same at all equal pressures, and 
consequently, dp/dt.7’ has the same value for both substances at all 
equal pressures ; again, the ratio of the actual to the theoretical density 
at the critical pressure, and at other “ corresponding,” and therefore in 
this case equal, pressures, is the same for both. 

Up to the present time, however, although the vapour pressures of 
many pairs of liquids have been determined, the substances are, so far 
as I know, with one exception less closely related than the halogen 
derivatives of benzene, and, probably with that exception, the relation 
between the vapour pressures and molecular composition is not repre- 
sented by a straight line. 

The exceptional case referred to is that of ethyl bromide and 
ethyl iodide, mixtures of which were investigated by Guthrie 
(loc. cit.). 

The vapour pressures of ethyl chloride and ethyl bromide have been 
determined by Regnault up to about 5000 mm., and of ethyl iodide up 
to more than 500 mm., and within these limits, at any rate, the boiling 
points of any two of the liquids on the absolute scale bear a constant 
ratio to each other at all equal pressures, and it seems not improbable 
that, like the halogen derivatives of benzene, their critical pressures 
may be equal. 

In the following table are given the vapour pressures at 
16°7° observed by Guthrie, and those calculated from the formula 
p = BPs + (100 — p)P. 

100 
and secondly, as molecular percentage of ethyl bromide : 


5, taking p, firstly, as percentage by weight, 


Vapour pressures. 
Percentages of 
ethyl bromide, 
Calculated for p = percentage. 
Observed. | | 
By weight.| Molecular. | By weight. A | Molecular. | A 
| 
mm. | mm. mm. mm, mm 
100 100 452°2 452°2 0 452°2 0 
90 423°3 - 49 431°4 + 32 
| 894°4 -10°8 | 409°2 + 4°0 
365°5 -14°9 385°5 + 51 
336°6 — 24°3 360°3 -— 06 
307°7 — 24°6 833°4 + 11 
278°8 —27°6 304'2 — 22 
249°9 ~ 26°5 273°0 — 3°4 
221°0 —25°9 239°3 - 73 
192°1 —22°7 202°'8 -12°0 
163°2 0 163°2 0 


ao. 2a #2 eae 


OO SSS 
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There can be no question that the formula in which p=molecular 
percentage represents the results very much better than the other, and, 
with this meaning, although there is an individual deviation of 12 mm., 
the agreement between the calculated and observed pressures is fairly 
satisfactory, especially about the middle of the table, where the greatest 
differences would be expected. 

Considering how difficult it is to obtain a mixture of known com- 
position quite free from air, the deviations from the calculated values 
may perhaps be regarded as within the limits of experimental error. 
Some allowance may perhaps also be made for small fluctuations of 
temperature. As regards volume change on mixing, Guthrie’s specific 
gravities are given only to two places of decimals, and therefore throw 
no light on the question whether expansion or contraction occurs, 


Ex PERIMENTAL. 


The experiments described in this paper were carried out in conjunec- 
tion with Miss Fortey. 

Fresh quantities of chlorobenzene and bromobenzene, obtained from 
Kahlbaum, were fractionated with a 12 bulb “ pear” still-head, and 
the sp. gr. at 0°/4° were determined. The agreement of the new 
results with those obtained by one of us in 1889 (Trans., 55, 487) is 
satisfactory : 


Sp. gr. at 0°/4°. 


New results. Old results. 
Chlorobenzene...........-... 1:12805 1:12786 
Bromobenzene............... 1:°52178 152182 


A mixture of the two liquids in nearly molecular proportion, 
11-2717 grams of chlorobenzene and 15°6960 grams of bromobenzene, 
was then made, and its sp. gr. at 0°/4° was determined. It was 
noticed afterwards that the chlorobenzene from which a portion had 
been removed to make the mixture became slightly turbid when cooled 
to 0°, and therefore contained a trace of moisture, and it was possible 
that the mixture might also have been slightly moist. The sp. gr. of 
the moist chlorobenzene was therefore determined, and was found to be 
1°12787 at 0°/4°. The sp. gr. of the mixture was then calculated on 
the assumption that no change of volume occurs on mixing, taking the 
chlorobenzene in the mixture to be (a) dry, (5) moist : 


Sp. gr. of mixture at 0°/4°. 


Observed......... 1°32798 Calculated......... a. 1:32804 
b. 1°32793 
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A second determination was made, again with nearly molecular 
quantities of the liquids : 
Sp. gr. at 0°/4°. 


Weights taken. Observed. Calculated. 
OLEOl......000 114040 1'32860 1°32873 
O,H,Br ...... 15°9930 


From these results, it appears that there is no perceptible change of 
volume on mixing the two liquids. 

An experiment was next made to find whether any heat change 
occurs when the two liquids are mixed together in molecular propor- 
tion. The bromobenzene, 15°6 grams, was weighed in a small, round- 
bottomed flask, and the chlorobenzene, 11-2 grams, in a small beaker. 
The temperatures of the two liquids were determined, and the chloro- 
benzene was then poured into the flask, the mixture shaken, and the 
temperature again read. The results obtained are as follows : 


Chlorobenzene. Bromobenzene. Mixture. 


Temp. ...... 17:05° 17:00° 17-02° 


There is therefore no perceptible evolution or absorption of heat on 
mixing the two liquids. 4 
These results indicate that it would be impossible to find two liquids 
more likely to behave normally than chloro- 


Fig. 1. benzene and bromobenzene. 


Vapour Pressures and Boiling Points of Mixtures 
2 of Chlorobenzene and Bromobenzene. 


Owing to the difficulty which is always ex- 
perienced in obtaining a mixture of two liquids 
in known proportion entirely free from air and , 

moisture, it was decided to employ the dynamical 

and not the statical method. The apparatus 

used is shown in Fig. 1. It consists of a 

bulb of about 155 c.c. capacity with a wide q 

vertical tube, to which is sealed a narrow side 

tube cooled by water to act as a reflux con- 

' denser. The upper end of the side tube is con- 

nected with an exhaust and compression pump 

and a differential gauge. The wide vertical 

tube is provided with a well-fitting cork through 

which passes a rather narrower thin walled 

tube, which has a hole blown in it just below the 

cork. This narrower tube is also fitted with a cork, through which 
passes the thermometer. 
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It is important that the volume of vapour should be as small as 
possible relatively to that of the liquid, and the bulb is therefore filled 
to about two-thirds of its capacity with liquid. The thin walled tube 
is pushed down until the bottom of it is about 3 mm. above the surface 
of the liquid when cold, and the bottom of the thermometer bulb is 
about level with the bottom of the thin walled tube. 

This arrangement possesses the following advantages: (1) The 
liquid that returns from the reflux condenser cannot come near the 
thermometer, and the amount of liquid which condenses on the thermo- 
meter and on the inner walls of the thin walled tube is exceedingly 
small; on the other hand, with the large quantity of liquid which is 
present and the small flame that is required there is no fear of the vapour 
being superheated. (2) It is possible to take readings of the tem- 
perature both of the vapour and of the boiling liquid without altering 
the position of the thermometer, for when the burner is directly below 
the centre of the bulb, the liquid boils up into the thin walled tube 
well above the thermometer bulb, but when the burner is moved a 
little to one side, the surface of the liquid immediately below the thin 
walled tube remains undisturbed and the liquid does not come in con- 
tact with the thermometer bulb. 

The apparatus was tested with pure chlorobenzene with the follow- 
ing results : 


Temperature, 
r A " Calculated from 
Pressure. Vapour. Liquid. A Biot’s formula, 
743°05 131°14° 131°54° 0°40 131°15° 
728:20 130°37 130°77 0°40 130°41 


The temperatures of the vapour agree well with those calculated 
from the constants for Biot’s formula (Trans., 1889, 55, 487), and the 
agreement is even better if we calculate from the observed boiling 
point of the new sample of chlorobenzene. The liquid is evidently 
somewhat superheated. 

The boiling points of three mixtures of chlorobenzene and bromo- 
benzene were then determined through a range of about 100 mm. 
The temperatures of both vapour and liquid were read in each case, 
and it was found that for each mixture there was an almost constant 
difference between the two. The mean difference for each mixture 
(0°50°, 051°, and 0°57° respectively) was subtracted from the tempera- 
tures of the liquid, and the mean of the value so obtained and the tem- 
perature of the vapour was taken in each case as the true boiling 
point. 

The experimental results are given in the table below : 
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Boiling Points of Mixtures of Chlorobenzene and Bromobenzene. 


Molecular percentages of bromobenzene, 


25°01. 50°00. 73°64 
Pressure. |Temperature.| Pressure. | Temperature.| Pressure. | Temperature, 
mm. mm. mm. 
685°0 132°86° 687°4 138 °49° 685°4 144'14° 
694°4 133 °34 692°6 138°78 697 °2 144°81 
703°1 133°85 699°0 139°07 706°9 145°33 
714°4 134°39 702°9 139°26 719°0 145°99 
725°2 134°97 7086 139°55 728°1 146'51 
734°4 135°43 715°5 139°90 738°4 14702 
739°3 135°72 7211 140°18 7455 147°41 
740°5 135°76 728°0 14C°55 755°5 147°94 
741°5 135°80 736°6 140°98 765°7 148°44 
749°3 136°24 742°6 141°27 776°5 149°00 
758-4 136°69 751°4 141°72 788°1 149°60 
768°8 137'20 | 758°4 142°10 _ a 
779°0 137770 | 765 °7 142°43 ~ “= 
789°0 13818 | 775°4 142°87 — _— 


From these data, curves were constructed and the boiling points were 


read off at 700, 730, 760, and 790 mm. pressure. 


Molecular percentage of bromobenzene. 


Pressure. | pce 
| 25°01 50°00 73°64 
mm. 
700 133 °66° 139°10° 144°97° 
730 135°22 140°67 146°59 
760 136°75 142°16 148°16 
790 | 138°22 143°60 149°67 


If, now, for each pressure we plot the temperatures against the 
molecular percentages of bromobenzene, including the boiling points 
of the pure substances (p=0 and 100), the fovr isobars so obtained 
will be obviously curved, but the number of points is not sufficient to 
enable us to draw the curves accurately. 

In order, however, to find whether the results are in agreement with 
the proposition that the isothermals, representing the relation between 
vapour pressure and molecular composition, are straight lines, we may 
proceed in either of two ways. 


/ 
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p.P,+(100-p)P, 100(P, - P) 

100 bs " ae 
where p is the molecular percentage of bromobenzene and P, and P, are 
the vapour pressures of pure bromobenzene and chlorobenzene respec- 
tively at the boiling point of the mixture, and P is the pressure under 
which the mixture is boiling. We may then calculate from the formula 
the percentage of bromobenzene for the values 700, 730, 760, and 790 
of P at a series of temperatures, and so obtain the theoretical isobars. 
It can then be seen whether the observed temperatures fall on them. 
For the vapour pressures of bromobenzene, from 130° to 156°, the 


1. From the formula P= e get p 
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values given by Ramsay and Young (Trans., 1885, 47, 640) have been 
employed ; the vapour pressures of chlorobenzene for the same temper- 
atures have been calculated from the constants for Biot’s formula 
(Young, Joc. cit.), though for these nearly related substances, since the 
ratio of the boiling points on the absolute scale is a constant at all 
equal pressures, it would be sufficient to know the value of this ratio 
and the vapour pressure of one of the two substances, 

The theoretical isobars are given in Fig. 2, and the experimental 
values are indicated by circles ; it will be seen that the agreement is 
very good. 

2. We may calculate the vapour pressures of the two pure liquids at 

3 F 2 
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the boiling points of the mixtures, and then, from the equation 
pars +(100-p)P, 
. 100 

In the following table are given the vapour pressures of chlorobenzene 
and bromobenzene at the boiling points of the mixtures, and the 
values of 7 calculated by means of the above formula: 


, we may calculate the theoretical values of P. 


| 
Vapour pressures at ¢°. 
Molecular a 
percentage t. P cale. pressure A 
Br. ‘ 
iis nae C,H;Br. | C,H,Cl. 
25°01 133°66° | 414°6 795-05 699°9 700-0 -0°1 
50°00 139°10 | 483-7 917°5 700°6 2 +0°6 
73°64 14497 568°05 | 10654 699°15 ~ — 0°85 
Mean...| 699°9 -0°1 

25°01 135-22 433°6 828°8 729°95 730°0 — 0°05 
50:00 140°67 | 505°2 955°35 730°3 a +0°3 
73°64 14659 | 593°25 | 1109°8 729°3 " -0°7 

Mean...| 729°85 - 0°15 
25°01 136°75 452°85 862°95 760°4 760°0 +0°4 
50°00 142°16 526°25 992°3 759°3 Be -0°7 
73°64 148-16 618°4 1153°0 759°3 va -07 

Mean...) 759°7 —0°3 

25°01 138°22 | 471°85 | 89665 | 790°4 7900 | +0°4 
50-00 143°60 | 547°35 | 1029-25 788°3 2 -17 
73°64 149°67 | 643°55 | 11965 789°3 pe -07 

| 

| Mean...| 789°8 ~07 


The differences between the pressures calculated from the formula 
and those under which the mixtures boiled are quite within the limits 
of experimental error ; the experimental results therefore prove that 
for the two liquids, chlorobenzene and bromobenzene, which are 
chemically so closely related, and which, in many ways, exhibit such 
simple physical relations, the vapour pressures of a mixture at any 
temperature are accurately expressed by the formula 

puP-bat (100 — p)Ps 
100 : 
or, in other words, the relation between the vapour pressures and the 
molecular composition of mixtures at any temperature is represented 
graphically by a straight line. 
It is proposed to extend the investigation to mixtures of other liquids, 
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LXXVIII.—Correction of the Boiling Points of Inquids 


from Observed to Normal Pressure. 
By Sypngy Youne, D.Sc., F.R.S. 


In papers published jointly with Dr. Ramsay (Brit. Assoc. Rep., 1885, 
928 ; Phil. Mag., 1885, [v], 20, 515), it was pointed out that (1) the 
values of dp/dt.7' (where dp/di is the rate of increase of vapour pres- 
sure per unit rise of temperature, and 7’ is the boiling point on the 
absolute scale) are approximately the same for different substances 
when compared at the same pressure, but that (2) the differences are 
real and are not due to errors of experiment, for they preserve the 
same relative value whatever the pressure at which the comparison is 
made, at any rate within the limits of the actual experiments. It was 
further pointed out that for two closely-related substances, the boiling 
points on the absolute scale bear a constant ratio to each other at all 
pressures, and that for other substances (Phil. Mag., 1886, [v], 21, 33) 
the relation between the boiling points may be expressed by an equa- 
tion which can be written thus: 


where 7',’ and 7’,’ are the boiling points of the two substances on the 
absolute scale at a pressure, p’, 7’, and 7’, the boiling points at a 
pressure, p, and c is a very small constant. 

In the light of these generalisations, Crafts (Ber., 1887, 20, 709) 
devised a convenient method for the correction of the boiling points 
of substances from observed to normal pressure. 

Crafts gives the boiling points (absolute temperatures), the values of 
At/Ap between 720 and 770 mm. pressure, and the quotients 
ap pnt for 25 substances, and points out that when the boiling 
point of any liquid is to be corrected, the constant, H, for that com- 
pound in the table most closely related to it is to be taken and is to be 
multiplied by the approximate absolute boiling point of the substance 
under examination, in order to find the value of At/Ap for a barometric 
variation of the 50 mm. between 720 and 770 mm. 

Nernst (Theoretische Chemie, 1893, p. 55) reproduces this table, 
but divides the constants, H, by 50, so as to give the mean varia- 
— of temperature per mm. change of pressure between the same 

imits, 
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There are a few misprints in Crafts’ table which reappear in the 
modified table given by Nernst, and since 1887 the vapour pressures of a 
considerable number of additional compounds have been accurately 
determined ; it may therefore be useful to give a revised and enlarged 
table for reference. 

Instead of calculating the mean value of the constant for a range of 
pressure between 720 and 770 mm., I have thought it better to give 
the actual value of ; 7 = C at 760 mm., and therefore the constants 
in this paper differ slightly from those in Nernst’s table ; in most 
cases, the new values are lower by 2 in the last place, and this may be 
taken as the average difference between the value of C' at 760 mm. and 
the mean value between 720 and 770 mm. 

In calculating the value of dp/dt at the boiling point, Biot’s formula, 
logp =a + ba‘ + cB', was employed when the constants for this formula 
had already been ascertained ; in other cases, for which the vapour 
pressures have been determined through a sufficient range of temper- 
ature, constants for the simpler formula, logp=a + ba‘, were calculated 
from the vapour pressures at three temperatures 20°, 30°, or 40° apart, 
the middle temperature being near the boiling point under normal 
pressure. This method was adopted, for example, in the case of the 
29 esters of the methyl formate series for which accurate data are 
available. 

For the elementary gases, and for carbon monoxide and methane, 
the vapour pressure data are not sufficient for this method to be 


, 


1A 
employed, and the formula, 7 =F +c(Z7,-—T7;), was made use of, 


benzene being taken as the standard substance. The constant, c, was 
first calculated from the boiling point and critical temperature of the 
gas and the boiling point of benzene under normal pressure and at a 
pressure equal to the critical pressure of the gas, the assumption being 
made that Biot’s formula might be employed for benzene for some 
little distance above its actual critical point. It is probable that the 
boiling points and critical constants of the gases are less accurately 
known than the vapour pressures of the majority of substances 
included in the tables that follow, and as the method of calculation of 
dp/dt is also less direct, the values of ( are probably less accurate. The 
constants determined in this way are marked with an asterisk. 
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dt 1 
Values of C dp? at 760 mm. 
Boiling 
Name of substance. point dp/dt C. Observer. 
(abs. temp). 
OXYGEN......0ereeeee *! +90°3° 75°9 | 0°000146 | Olszewski. 
Nitrogen ....cc..00e¢ *|  77°5 89°0 | 0°000145 | Baly. 
BIGIE cevivasistiecis *| 869 83°2 | 0°000138 | Ramsay and Travers. 
Krypton .....see00. *| 121°3 61°8 | 0000133 4 ki 
pe re ee *| 163°9 45°9 0°000133 a ” 
Chioviae jak 239°4 33°2 0000126 | Knietsch. 
BUOREEIR : cicncsncnacses 331°75 25'2 0°000120 | Ramsay and Young 
Seles ictonactncn te 458°3 18°75 | 0°000116 mt a 
eat Le .--| 629°8 13°4 0000118 | Young. 
ee SER AS: 721°4 122 | 0000114 | Regnault. 
Carbon monoxide... *} 83°0 81°3 0°000148 | Olszewski. 
Sulphur dioxide ...... 262°9 83°7_ | 0°000113 | Regnault. 
DIAONIR i oncnssccudeies 240°1 37°7 0:000110 v7 
Carbon disulphide ...) 319°25 24:7 0°000127 m 
rt Boron trichloride...... 291°25 26°8 0:000128 fe 
Phosphorus _trichlor- 
| Ms neuen 346°85 23-45 | 0-000123 se 
Silicon tetrachloride} 329°9 24°0 0°000126 os 
Stannic chloride ...... 387 °1 21°4 0°000121 99 
Methyl] chloride ...... 249°35 31°9 0000126 - 
Chloroform ............ 333 ‘2 25°2 0000119 os 
Carbon tetrachloride] 349°75 23°25 | 0°000123 | Young. 
Methane ............ *! 109°0 682 | 0°000135 | Olszewski. 
2-PenteOsinssihdendeve 309°3 258 0°000125 | Young. 
9 TAORANG <. 001 0ks0s08e0e 341°95 23°9 0°000122 ” 
-Heptane .....0.0s000 871°4 22°3 0°000121 9 
WOCKIG vscsincessocrds 398°8 21°1 0:000119 9 
dsoPentane ..,.....0000 800°95 26°2 0°000127 a 
} Diisopropy] ............ 331°1 243 | 0°000124 | Young and Fortey. 
Ditsobutyl ............ 382°1 209 | 0:000125 ” ” 
cycloHexane ............ 853°9 22°7 0°000124 *” ” 
a 353°2 23°3 0000122 | Young. 
POR ccanssnsiovsnrsen 383 °7 21°8 0°000120 | Young and Fortey. 
Naphthalene ......... 491 17°1 0°000119 | Crafts. 
4 Anthracene ............ 616 15°0 0°000108 29 
m-Xylene ..........0..6] 412 21°'1 0°000115 =. 
Diphenylmethane ...| 538 15'1 0°000123 * 
Triphenylmethane ...| 626 14°8 0°000108 sie 
Fluorobenzene ......... 358°2 23 3 0°000120 | Young. 
Chlorobenzene.........| 405°0 20°5 0000120 ne 
Bromobenzene .........) 429°0 19°3 0°000120 a 
Iodobenzene............ 461°45 18°0 0:000120 8 
Bromonaphthalene ...| 553°45 15'75 | 0°000115 | Ramsay and Young. 
Ethylene dibromide 405 20°8 0°000119 | Crafts. 
Methyl ether ......... 249°4 82°0 0°000125 | Regnault. 
+ Ethyl ether ............ 307°6 26°9 | 0°000121 | Ramsay and Young. 
RONG ss csécesaesoernnn 330 26°4 0°060115 | Crafts. 
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7 at 760 mm. (continued). 


Boiling 

Name of substance. point dp|{at. C. Observer. 

(abs. temp). 
Benzophenone ......... 578°8° 15°8 | 0°000109 | Crafts. 
Dibenzylketone ...... 603°55 15°2 0°000109 | Young. 
Anthraquinone ...... 650 13°6 | 0°000113 | Crafts. 
Eee «| 457°4 19°6 0°000112 | Ramsay and Young. 
Quinoline ............... 5105 17°0 0000115 | Young. 
Methy] formate ...... 304°9 28°8 | 0°000114 | Young and Thomas. 
Ethyl formate ......... 327°3 26°6 0°000115 7 99 
Methy] acetate......... 330°1 26°8 0°000113 - 9 
Propyl formate ...... 353°9 24°5 | 0000115 9 ” 
Ethyl] acetate ......... 350°15 25'1 0000114 - o 
Methyl propionate ...| 352°7 24°9 0°000114 a - 
isoButyl formate..... 370°85 23°45 | 0°000115 | Schumann. 
Propyl acetate.........)| 374°55 23°5 | 0°000114 | Young and Thomas. 
Ethy! propionate...... 372°0 23°7 0°000113 aa ” 
Methyl butyrate.... .| 375°75 23°3 =| 0°000114 ” ” 
Methyl isobutyrate...| 365°3 23°'8 0°000115 “- as 
Amy] formate ......... 396°25 21°8 | 0°000115 | Schumann. 
isoButyl acetate ...... 389°2 22°5 0°000114 ss 
Propy!l propionate ...} 395°15 22°3 0°000114 se 
Ethyl butyrate ...... 392°9 22°8 0°000114 b 
Ethyl csobutyrate 383°1 22°5 0°000116 ‘9 
Methyl valerate ...... 389°7 22°4 0°000114 ~ 
isoButyl propionate 409°8 21°4 | 0:000114 ”» 
Propyl butyrate ...... 415°7 20°9 0°000115 - 
Propyl isobutyrate ...| 406°9 21°8 | 0000113 ” 
isoPropyl isobutyrate| 393°75 22°0 0°000115 | Young and Fortey. 
Ethyl valerate ......... 407°3 21°4 | 0°000115 | Schumann. 
Amy] propionate...... 433 °2 20°4 =| 0:000113 ” 
isoButyl butyrate 429°9 20°5 0:000113 99 
isoButyl isobutyrate | 419°6 206 | 0:000116 99 
Propyl valerate ...... 428°9 20°5 0°000114 we 
Amy] butyrate......... 451°6 19°5 0:000113 me 
Amy] isobuty1ate 441°8 19°6 0°000115 ss 
isoButyl valerate...... 441°7 19°9 0°000114 - 
Methyl alcohol......... 337°9 29°6 | 0°000100 | Ramsay and Young. 
Ethyl alcohol ......... 351°3 30°35 | 0:000094 ‘es ” 
Propyl alcohol......... 370°4 28°8 | 0°000094 - ” 
Amy] alcohol ......... 403 25°3 | 0000098 | Crafts. 
ls scceavevscsees 456 20°5 0000107 2 
Acetic acid ............ 391°5 23°9 0000107 | Young. 
Phthalic anhydride...| 559 16°0 | 0°000112 | Crafts. 
Sulphobenzide ......... 652 15°2 0°000101 ‘ 
SE aids sey cise ness 873°0 27°2 | 0°000099 | Regnault. 


It will be seen that the values of C ( x 10°) vary from about 145 in the 
case of oxygen, nitrogen, and carbon monoxide to 99 for water and 94 
or ethyl and propyl alcohols. 


ad 
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The following relations are clearly observable : 

1. In most groups of similar substances the greater the molecular 
complexity the lower is the constant. This is well seen in the case of 
the normal paraffins; of benzene, naphthalene, and anthracene ; of 
methyl and ethyl ether, and of acetone and benzophenone or dibenzyl 
ketone. 

2. Rise of molecular weight without increased complexity either 
causes a similar change or has no influence ; thus, for the halogens 
C diminishes from chlorine to iodine ; but, on the other hand, it has 
the same value for the four halogen derivatives of benzene. 

3. Comparing isomeric substances, it is seen that C is almost always 
lower for normal than for iso-compounds, and lower for these than for 
compounds that contain two 7so-groups. 

4. By replacement of hydrogen by a halogen, the constant is 
lowered ; thus benzene, 122, chlorobenzene 120; naphthalene 119, 
bromonaphthalene 115 ; ethane, above 125, ethylene dibromide, 119. 

5. When there is association of molecules in the liquid state, the 
value is low; this is the case with water, the alcohols, phenol, and 
acetic acid, all of which contain a hydroxyl group. 

6. In the case of organic hydroxyl compounds, the influence of the 
hydroxyl group diminishes as the complexity of the organic radicle 
increases, and thus the depression of the constant diminishes, but, on 
the other hand, the constant tends to fall as the complexity of the 
molecule increases. There are thus two opposing influences, and in 
the group of alcohols the constant shows considerable irregularity. 

In the case of the esters, there is evidence of some molecular asso- 
ciation in the liquid state and at the critical point, and we find similar 
opposing influences, with the result that the variation in the constant 
is very small ; indeed, for the whole 29 esters the extreme values are 
113 and 116. Still, if we confine our attention to the higher esters con- 
taining, say, 5 or more carbon atoms, (1) the influence of molecular 
complexity, and (2) of constitution, is, with few exceptions, to be 
observed, and in the table on p. 782 the results are summarised to 
bring out this point : 

In order to correct a boiling point from observed to normal pressure, 
A; is to be added, where 


At = (760 — p)(273 +#).C. 


The constant C is to be ascertained from the preceding tables, 
taking account, if necessary, of the relations (1) to (6); p is the 
observed pressure and ¢ is the boiling point as observed or, better, 
roughly corrected. 

In a series of papers (Phil. Mag., 1892, [v], 34, 503; Trans., 1893, 
63, 1254 ; Phil. Mag., 1894, [v], 37, 1; ibid., 1900, [v], 50, 291), I 
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Formula Normal. One %so-group. Two iso-groups. 
of e 
ester. 
C. Mean. C. Mean. C. Mean. 
C,H,O, | 0-0001139 | 0°0001139 — ame one sks 
0.H.0, | 9°0001149)| 9. iz: ee mi 
311605 | 5 -0001130 | 00001140 am 
070001151 
C,H50, | 0-:0001138 || 00001142 _ wi a we 
00001136 | 
0°0001142) | ; 
CsHi0s | 0-0001134 1 0-0001187 | 9.909117) | 0-0001150 Se he 
omaeaatd 0-0001155 
| 
| 0°0001139 
0°0001137 j 00001149 — ~ 
C.H..0. | 0. | 070001189 | 00001158 
6*412V2 | 00001141 f | 00001143 
| 00001140 
©,H,,0, | 9°0001148 | 0°0001148 | 00001147 }| 00001138 | 0-0001155 | 0-0001155 
0-0001127 
00001129 
O;H,,0. — inte 00001135 }| 0-0001183 | 0-0001156 | 0-0001156 
00001136 
' . 0:0001152)! ,. 
0,H,,0, se i 00001134 | 0°0001184 | 9 oo91338 f| 070001145 
Mean...| 0°0001140 | 0-0001142 0-0001150 


have shown that, excluding compounds which contain a hydroxyl group, 


the ratio, 5 of the actual to the theoretical density for a perfect 
c 


gas at the critical point is approximately constant, the mean value 
being about 3°76, but that the deviations are real ones and are 
related to the molecular weight and constitution of the substances. 

I have also shown that Cailletet and Mathias’ law of the “ dia- 
meter” is not in most cases absolutely true, although very nearly so, 
and that the relation of the mean density to the temperature should be 
expressed by the formula D;= D, + at + Bt, where a is always negative, 
and 8 changes from a very small positive value, through zero, to a 


very small negative value as the ratio D increases. 
c 


Again taking the approximate formula D;= D, + at, originally given 
by Cailletet and Mathias, it has been proved independently by 
Mathias and myself that, if the generalisations of Van der Waals were 
= should be a constant for all substances ; but I have 

c 
shown that there are real though not large deviations in this case also, 


aT’, 


strictly true, 


the value of 


rising in general as D increases. 
c ec 
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It is of interest to observe that, as a rule, o(= S at normal 
P 


Re oF «3 
pressure diminishes as D, rises. 


, 
c 


So far, then, as the 26 substances which I have myself examined 
are concerned, there is clearly a connection between the four constants 
De aT’, 
ae ——-, and 0. 

D,” B, 2,’ 

The critical densities of the gaseous elements are not known with 

sufficient precision to allow of any very definite statement being made 


regarding the value of on but it is interesting to note that D., 


c 
Berthelot points out that for carbon dioxide this constant is lower 
(36) than for any of the substances I have investigated, whilst for 
oxygen and nitrogen it appears to be about 3:5. 
The constant C (x 10°) for the two last named gases is about 145, 


and if a diagram is constructed to show the relation between C and De 


D- 
and these values, C = 145 and De = 3°5 are mapped with the others, in- 


c 
cluding also those of ethyl and propy] alcohols, the connection between 


D 
C and D7 becomes quite evident, the former falling as the latter rises. 
é 
Methyl alcohol and acetic acid have low, but not proportionately low, 
values of the constant C. 
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LXXIX.—Vapour Pressures and Specific Volumes of 
isoPropyl isoButyrate. 


By Sypney Youne, D.Sc., F.R.S., and Emmy C. Forrey, B.Sc. 


In the preparation of diisopropyl by the electrolysis of potassium iso- 
butyrate, it was found that the yield of hydrocarbon was exceedingly 
poor, but that, on the other hand, a considerable quantity of isopropyl 
tsobutyrate was formed. 

The isobutyric acid was carefully fractionated before its potassium 
salt was electrolysed, and the isopropyl isobutyrate was therefore 
easily purified ; after three fractionations, it boiled quite constantly at 
120-75° under normal pressure. 

A second specimen of the ester was prepared by saturating a mix- 
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ture of pure isobutyric acid and isopropyl alcohol with hydrogen 
chloride in the usual manner. The boiling point was found to be 
identical with that of the ester obtained by the electrolytic method. 
The sp. gr. of both specimens were determined at 0°, and that of 
the second specimen at 21°35°, with the modified Sprengel tube. The 
weighings were reduced to avacuum. As the ester, when even slightly 
moist, rapidly acquired an acid reaction owing to hydrolysis, it was ‘ 
found necessary to remove the free acid from time to time by means 
of sodium hydroxide, and the free alcohol and water by means of 
phosphoric oxide. The sp. gr. and boiling point were determined after 
each of these operations. 


Specific gravities. 


Ester obtained by electrolysis. Ester obtained from acid and alcohol. 
At 0° 0°86867 At 0° (1) 0°86874 
(2) 0°86874 d 


At 21°35° 0°84708 
Mixture at 0° (1) 0°86874 


(2) 0°86873 
Mean sp. gr. at 0° =0°86872 ; 
Boiling points. 
Ester obtained by electrolysis. Ester obtained from acid and alcohol. 
Temperature Temperature 
r . ’ 
corr. to corr. to 
Pressure. obs, 760 mm. Pressure. obs. 760 mm. 
753°0mm. 120-45° 120°77° 75615 mm. 120°6° 120°77° 


— ae na 7630 , 1209 120-72 
_ _ ini 7554 ,, 12055 120-76 


Mean 12075 : 
Mixture of the esters. 
Temperature. 

Pressure. obs. corr. to 760 mm. . 
761°0 mm. 120°80° 120°75° 
7713 ,, 121-32 120°81 
7639 ,, 120°9 120°72 
7388, 119°77 120°73 
7476 120°27 120°83 
Mean 120°77 


General mean = 120°76°. 


The value of dp/dt, calculated from Biot’s formula, is 22°0 mm. per 
degree. 
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Vapour Pressures at Low Temperatures. 


For pressures up to 170 mm., the method of Rameay and Young 
was used ; from 150 mm. to the atmospheric pressure, a modified dis- 
tillation bulb with a reflux condenser was employed. 


ae Tem- | Tem- — Tem- | Tem- 
Pressure. perature, | Pressure, | perature. Pressure, perature. | Pressure. perature. 
ee ee eee ie a ae if ay ee | 
58 7°85° 14°3 23°5° 36°7 40°7° || 91°05 | 60°7° 
655 | 10°35 || 16°55 | 25°7 41°8 43°55 || 102°65 | 68°6 
7°85 | 12°95 19°05 | 28°3 47°65 | 46°3 || 115°25 | 66°15 
8°85 | 14°95 || 21°55 | 30°4 54°85 49°4 || 129°75 | 69°0 
10°0 171 || 248 | 882 62°25 52°0 || 145°0 71°85 
11°25 | 192 || 281 | 35°55 || 70°6 54°83 || 163-0 74°85 
12°8 214 || «=: 82°15 | «~38°35 80°1 57°65 || 172°0 7671 
148°4 72°1 246°0 | 85°55 «|| 411°3 1004 || 645°9 | 115-2 
15865 | 73°9 || 272°7 | 88:28 449°9 103°3 || 703-9 | 118°15 
175°4 766 || 805°7 91°75 || 493-1 106°2 || 770°7 | 121° 
195°35 | 79°25 || 3389°0 94°8 || 541-4 109°2 | — ~_ 
220°3 82°5 || 378°6 | 97°45 || 590°8 | 1121 <— sae 


Vapour Pressures at High Temperatures. 


The vapour pressures at high temperatures were determined with 
the pressure apparatus employed in previous researches. It would 
have been of interest, if possible, to ascertain the critical constants of - 
isopropyl isobutyrate, on account of the presence of two iso-groups in 
the molecule, but, unfortunately, it was found that the ester began to 
decompose at about 230°, and that at 260° the decomposition was so 
rapid that it was quite impossible to obtain trustworthy results. The 
data above 230° are therefore not given, as they would only be mis- 
leading. 

The observed pressures from 130° to 230° (the mean of four read- 
ings in each case), together with those read from the curve constructed 
from the observations at low temperatures, are given in the following 
table : 

Vapour pressures : 


Dynamical method 


Temperature. from curve. Temperature, Statical method. 
10° 6°55 mm. 130° 994 mm. 
20 11°95 __,, 140 1290 ,, 
30 aa 150 1649 ,, 
40 35°05, 160 2096 ,, 


50 56°9 sé, 170 2612 ,, 
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Temperature. 


These were determined in the pressure apparatus, 
230°, they were calculated from observations of the volume of vapour 
and the total volume of liquid or vapour (Trans., 1893, 63, 1200) ; 


60° 
70 
80 
90 
100 
110 
120 


Dynamical method 


from curve, 

89°0 mm. 
136°0 es 
201°1 = 
289°4 a 
406°0 9 
553°4 ° 
743°9 e 


Temperature. 


180° 
190 
200 
210 
220 
230 


Volumes of a Gram of Liquid. 


the remaining volumes were read directly : 


Volumes of a Gram and Molecular Volumes of Liquid. 


Statical method. 
3216 mm. 


3916 
4742 
5700 
6785 
8058 


At 220° and 


Tem- 
perature. 


Volumes of a gram 


in ¢.c. 
From 
Observed. ouree, 
11511 | 1°1511 
oe 1'1646 
st 1°1788 
1-1939 | 11934 
1°2092 | 1°2085 
1°2240 | 1°2243 
1-2411 | 1-2405 
1°2575 | 1°2573 
1:2746 | 12749 
1°2923 | 1°2934 
13128 | 1:3126 
1°3325 | 1°3328 


Mole- 
cular 
volume 
in ¢c.c. 


152°90 
154°79 
156°75 
158°80 
160°91 
163 °08 
165 °37 


| 


167°76 | 


170°26 


| 172°88 | 


Volumes of a gram 
—a in ¢.c, 
‘perature. 

From 

Observed. eee. 

120° 1°3540 1°3539 
130 1°3769 1°3767 
140 1°4010 1°4005 
150 1°4256 1°4257 
160 1°4521 1°4528 
170 1°4814 1°4813 
180 1°5125 1°5128 
190 1°5460 1°5462 
200 1°5841 1°5845 
210 1°6270 1°6273 
220 1°6823 1°6765 
230 1°7327 1°7331 


Mole- 
cular 
volume 
in c.c. 


175°62 
178°57 
181°66 
184°93 
188°44 
192°14 
196°22 
200°56 
205 52 
211°08 
217°46 
224°80 


The volume of a gram of saturated vapour was only determined 
The result obtained was as follows: 


satisfactorily at 230°. 


Volume of a gram 
Molecular volume 
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LXXX.—Jnfluence of the Methyl Group on Ring 
Formation. 


By A. W. Gixsopy and C, H, G. SpranK.ine, 


Tus research was undertaken with the twofold object of studying the 
antipyretic effects obtained by successively introducing methyl groups 
into some substance already possessing the property of producing such 
effects, and of ascertaining what influence these methyl groups would 
have on the stability of the mother substance. 

Pyrantin (p-ethoxyphenylsuccinimide) was chosen as a basis because 
it had already been shown to be an excellent antipyretic (Piutti, Ber., 
1896, 29, 85), and by using methylsuccinic acids or their anhydrides 
instead of succinic acid itself for the preparation, methyl groups could 
readily be introduced into the imide ring. 

The first study was unsuccessful because the pyrantin derivatives 
were almost insoluble in weak (0°75 per cent.) sodium chloride solu- 
tion at 30°, the solubilities ranging from 1:713 for pyrantin to 
1 : 1272 for trimethylpyrantin. 

As another source of antipyretic substances, it was then attempted 
to prepare the sodium salts of the intermediate methyl-substituted 
p-ethoxyphenylsuccinamic acids containing an open chain, as for 
example, cis-s-dimethy]-p-ethoxyphenylsuccinamic acid (cis-s-dimethyl-p- 
ethoxysuccinanilic acid), but it was found that these sodium salts are 
unstable in aqueous solution when several methyl groups are pre- 
sent, owing to the great tendency to ring formation and consequently 
the study of the antipyretic action of the methyl group was abandoned. 

The second object of the research was more successful, as the authors 
were able to ascertain the stability constants of the methylpyrantins 
which they had prepared according to the method devised by Miolati 
and his colleagues for the alkyl-, phenyl-, tolyl-, and xylyl-succinimides, 
where the radicle mentioned was substituted for the hydrogen atom 
attached to the nitrogen of the succinimide ring (compare Miolati and 
Longo, Atti R. Accad. Lincei, 1894, [v], 3,515; 1895, [v], 4, 351; 
Miolati and Lotti, 1896, [v], 6,88). The results of the experiments 
were then calculated from the formula used by Hantzsch and Miolati for 


the measurements of the stability of the oxazolone ring, OH<ood 


1 
namely, 7-7 —~= Ae (Zeit. physikal. Chem., 1893, 11, 748). 


The reactions by which these substituted pyrantins were prepared 
took place in two stages, the open chain succinamic acid being first 
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prepared by the action of p-phenetidine upon the methylsuccinic 
anhydride, using benzene or toluene as the solvent : 


HR-CO CHR-CO-NH-0,H,:OEt 
bd wm ° = | 
bHR-co7? t NH2CsHOEt = dup.co-on 


where R=a methyl group. 

The substituted succinamic acid thus obtained was then heated 
alone above the melting point, when water was readily split off 
according to the equation : 


CHR-CO-NH-C,H,OEt _ CHR-CO 
| 6 4 
CHR:-CO-OH = bar-co7N CoH OBt + H,0. 


Theory requires that some of the substituted succinamic acids 
' should exist in two isomeric forms, as, for example, methyl-p-ethoxy- 
phenylsuccinamic acid (methyl-p-ethoxysuccinanilic acid), 
I CH, “CH: CO-NH:-C,H, Om II CH,*CO-NH-O,H,-OEt, 
; CH,: ‘CO,H '  CH,*CH:CO,H 
but in the authors’ experiments only one acid has been obtained, and 
they are unaware that any such isomerides have been prepared even 
in the case of the corresponding methylsuccinanilic acids. 

Pyrantin and cis-dimethylpyrantin can only exist in one form, but 
the other methylpyrantins which have been prepared, namely, methyl-, 
trans.s()-dimethyl-, as-dimethyl-, trimethyl-, or a-isopropyl-pyrantin, 
should exist in two forms. 

The authors have, however, been unable to determine experimentally 
which of the two possible formule is correct in the case of the methyl- 
p-ethoxyphenylsuccinamic acid obtained, but as Blaise (Compt. rend., 
1898, 126, 753) states that a tertiary carboxyl radicle is much 
more difficult to esterify than a primary one, it has been decided to 
adopt the formula in which the primary carboxyl is united with the 
amide group of the aromatic portion of the formula, and the secondary 
or tertiary group is free ; thus formula II is taken as being correct 
for methyl-p-ethoxyphenylsuccinamic acid in the absence of evidence 
to the contrary. 

The pyrantins were all obtained in a pure crystalline condition by 
removing any trace of colouring matter with a little glacial acetic 
acid and then crystallising from alcohol. 

The modification in the method of measuring the stability constant 
consisted in using a pure alcoholic solution of the alkylpyrantin, on 
account of its insolubility in water, but aqueous standard solutions of 
caustic soda and hydrochloric acid were retained. 

The values obtained for the pyrantins were then converted into those 
for the corresponding methylphenylsuccinimides in aqueous solution, 


—E 


ener eterna 


— 
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the detailed results, together with the conclusions deduced, being given 
after the experimental portion of the paper. 


EXPERIMENTAL. 
I. Preparation and Properties of the Succinamic Acids. 


p- Lthoxyphenylsuccinamic Acid (p-Ethoxysuccinanilic Acid), 
CO,H-CH,°CH,*CO-NH-0,H,:0-0,H;. 


Slightly more than 1 mol. (15 grams) of p-phenetidine was added 
to 1 mol, (10 grams) of finely powdered succinic anhydride dissolved 
in toluene by digestion on the water-bath with a large volume of the 
solvent until solution was complete. After standing, much heat was 
developed and in a short time crystals separated which were filtered 
off, dried on a porous plate, and recrystallised from water, or better 
still from dilute alcohol. 

The acid separated from alcohol in colourless, rectangular leaflets 
of pearly appearance which melted at 166—167°. After two or 
three recrystallisations, the melting point had not altered. On 
analysis : 


0:2494 gave 0°5545 CO, and 0°'1458 H,O. C=60-66; H=6-50. 
0:2416 ,, 12:4c.c. moist nitrogen at 13° and 756mm. N=6:03. 
C,,H,,0,N requires C= 60°76 ; H=6°32; N=5-'90 per cent. 


p-Ethoxyphenylsuccinamic acid has also been prepared indirectly by 
Piutti (Ber., 1896, 29, 85) from p-ethoxyphenylsuccinimide (pyrantin) 
and caustic potash. The substance he obtained in this manner could 
hardly have been pure, as the melting point was stated to be 160—161°. 
Piutti’s acid also differed from ours in its behaviour towards chlorine 
water, for although we were unable to obtain any coloration whatever, 
Piutti states that his acid gave a violet coloration with this reagent. We 
therefore conclude that, by the action of caustic potash on pyrantin, 
Piutti produced some impurity which he failed to remove entirely. 

The acid is soluble in alcohol or acetic acid, but only sparingly so 
in dry ether, It can be precipitated by the addition of phenylhydrazine 
to its solution in dilute acetic acid and heating for a short time. 

The sodium salt (soluble pyrantin) was also prepared, and Piutti’s 
previous statement that it is remarkably soluble in water confirmed. 
Pearly leaflets separate from its aqueous solution on the addition of 
ammonium sulphate. Its aqueous solution immediately gives a white, 
curdy precipitate on the addition of silver nitrate and lead acetate, and 
@ green, amorphous precipitate with copper sulphate. If barium nitrate 
be added, crystals slowly separate, and a precipitate also gradually 
comes down after the addition of calcium chloride. 
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Methyl-p-ethoxyphenylsuccinamic Acid (Methyl-p-ethoxysuccinanilic Acid), P 
CO,H:CH(CH,)-CH,*CO-NH°C,H,°0°C,H,. ‘ 
This acid, together with the higher homologues described in this 1 


communication, were prepared in a similar manner to p-ethoxyphenyl- 
succinamic acid with the exception that benzene was used as the 
solvent instead of toluene. As methylsuccinic anhydride is liquid at 
the ordinary temperature, much less solvent was required than in the 
former case. 

The acid separated from a 50 per cent. alcoholic solution in groups 
of microscopic, colourless needles melting at 149—150°. On analysis : 


0:1906 gave 0°4340 CO, and 0:1156 HO. C=6210; H=6°74. 
0°3028 ,, 13:5 c.c. moist nitrogen at 20° and 763 mm. N=5°57. 
C,,H,,O,N requires C=62°15; H=6°77 ; N=5-57 per cent. 


The sodiwm salt is readily soluble in water. It differs somewhat 
from the previous salt in its action towards reagents. Amorphous 
precipitates were obtained with silver nitrate and copper sulphate. Lead 
acetate gave a copious precipitate, which dissolved in large excess, but 
came down again on long standing. No precipitate was obtained with 
barium nitrate or calcium chloride. 


as-Dimethyl-p-ethoxyphenylsuccinamice Acid (as-Dimethyl-p-ethoxysuccin- 
anilic acid), CO,H*C(CH,),*CH,*CO*-NH:-C,H,°0-C,H,. 


This acid was obtained from freshly-prepared liquid as-dimethyl- 
succinic anhydride. It crystallised readily from alcohol in beautiful, 
small, colourless prisms melting at 160—161°, with a very slight 
evolution of gas. On analysis : 


0°1799 gave 04170 CO, and 01184 HO. C=63:21. H=7'31. 
04120 ,, 19:9 c.c. moist nitrogen at 16° and 74mm, N=5:36. 
C,,H,,0,N requires C= 63:39; H=7':17; N=5-28 per cent. 


The acid, which is only sparingly soluble in hot water, separated on 
cooling in thick, stumpy prisms. 

The sodium salt was prepared in the same manner as the salts of 
the other acids by neutralising on the water-bath as nearly as possible 
with a pure normal caustic soda solution. It remained as a thick, 
transparent gum on heating for about 3 hours in the air oven at 
140—160°. On cooling in a desiccator, it formed a transparent, 
brittle, hygroscopic, resinous mass, It was powdered while hot, 
transferred to a glass-stoppered vessel as rapidly as possible, and 
obtained as a white powder which became quite sticky when left for 
a few minutes in the open air. | 
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Its aqueous solution gave copious precipitates with silver nitrate 
and copper sulphate, and more slowly with calcium chloride. Lead 
acetate gave a precipitate which dissolved in a large excess of the 
reagent. Barium nitrate only produced a slight turbidity. 


trans-s-Dimethyl-p-ethoxyphenylsuccinamic Acid (trans-s-Dimethyl-p- 
ethoxysuccinanilic Acid), 
CO,H-CH(CH,):CH(CH,)*CO-NH-C,H,:0-C,H,. 


This acid was prepared from ¢rans-s-dimethylsuccinic anhydride and 
p-phenetidine. It crystallises from alcohol in needles melting at 
184—185° with slow decomposition, and is sparingly soluble in hot 
water, separating from the solution on cooling in prisms, On 
analysis : 


0:2100 gave 04873 OO, and 0°1376 H,O. C=63'28; H=7:28. 
03206 ,, 16 c.c. moist nitrogen at 17° and 760mm. N=5°81, 
C,,H,,0,N requires C= 63:39; H=7:17; N=5°28 per cent, 


The sodium salt gave colloidal precipitates with silver nitrate and 
copper sulphate. The precipitate given by lead acetate dissolved in a 
large excess of the reagent, but separated out again on stand- 
ing. No precipitate was obtained with barium nitrate or calcium 
chloride. 


cis-Dimethyl-p-ethoxyphenylsuccinamic Acid (cis-Dimethyl-p-ethoxysuccin- 
anilie Acid), CO,H*CH(CH,)-CH(CH,)-CO-NH-C,H,-0°O,H,. 


This compound crystallised from alcohol in warty groups consisting 
of microscopic needles which did not readily separate from the solvent 
on the filter pump and melted at 155—156°. On analysis: 


0°1500 gave 0°3479 CO, and 0°0989 H,O. C=63:26; H=7:33. 
0°2688 ,, 12-2 ¢.c. moist nitrogen at 11°and 758mm. N=5-39. 
C,,H,,0,N requires C = 63°39; H=7:17 ; N=5-28 per cent. 


The pure sodium salt was not obtainable under the conditions 
adopted. On attempting to neutralise the hot solution of the acid 
and evaporating down somewhat, a small quantity of crystals separated. 
After filtration, the aqueous solution had a slightly alkaline reaction 
and no further attempt to isolate this salt was undertaken. 

The crystals which separated were collected, washed, and dried on a 
porous plate. They then melted at 112—113°. On cooling the hot 
aqueous solution, they separated in crystalline groups of sandy appear- 
ance, which under the microscope were seen to consist of ball-shaped 
groups of needles, 


3G 2 
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As cis-dimethylpyrantin melts at 114—115° and crystallises similarly, 
there can be no doubt that under these conditions a portion of the salt 
condenses to the ring compound in preference to remaining as the 
sodium salt of the open-chain acid. 

So far as the observations went, this salt differs from the trans- 
sodium salt, as with the latter no crystals of a ring compound separated 
on evaporation of the aqueous solution of the salt. 


Trimethyl-p-ethoxyphenylsuccinamic Acid (Trimethyl-p-ethoxysuccinanilic 
Acid), CO,H-C(CHs),*CH(CH,)-CO-NH-C,H,°0-C,H;,. 


This acid crystallised from alcohol in warty groups of colourless 
plates or prisms melting at 128—129°, which were sparingly soluble 
in water. On analysis: 


0°1462 gave 0°3448 CO, and 0:1012 HO. C=64:31; H=7°69. 
0°3921 ,, 17°95 c¢.c. moist nitrogen at 18° and 753 mm. N=5-21. 
C,,H,,0,N requires C= 64:51; H=7:52 ; N=5:02 per cent. 


On allowing the mother liquors from the above recrystallisations to 
evaporate spontaneously, a further considerable quantity of the 
crystalline substance separated. This differed from the compound 
which had already separated in that it melted at 86—88°, and was 
obtained in the form of needles. After recrystallisation from acetic 
acid, it again melted at 87—88°, and was found to be érimethyl- 
pyrantin. 

As in the case of the cis-dimethyl-p-ethoxyphenylsuccinamic acid, a 
pure sodium salt could not be obtained under the conditions employed. 
When the acid was neutralised and the solution evaporated, crystals of 
trimethylpyrantin melting at 87—-88° were obtained, and the solution 
became alkaline. When the solution was evaporated down, and the 
residue dried at 140—150° and digested with water, a crystalline mass 
remained behind, and the solution was found to be strongly alkaline to 
litmus. On recrystallising this insoluble portion from dilute acetic acid, 
it separated in needles melting at 86—88°, and was therefore nothing 
more or less than trimethylpyrantin. Under these circumstances, no 
further attempts were made to prepare the sodium salt. 


isoPropyl-p-ethoxyphenylsuccinamice Acid (isoPropyl-p-ethoay- 
succinanilic Acid), CO,H+CH[CH(CH,),]*CH,*CO-NH-0,H,-0-0,H,. 


This acid crystallised from alcohol in beautiful, transparent leaflets, 
which had a pearly lustre when dry and melted at 151—152° It 
gave a faintly acid aqueous solution. On analysis: 
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0°1901 gave 0°4478 OO, and 0:1306 H,O. C=64:26; H=7°63. © 
02819 ,, 125 c.c, moist nitrogen at 17° and 763mm. N=5'16. 
C,,H,,0,N requires C=64'51 ; H=7'52 ; N=5-02 per cent. 


The pure sodium salt was not prepared, as on attempting to 
neutralise the acid on a water-bath and to crystallise the product a 
large amount of isopropylpyrantin was obtained. 


Il. The Pyrantins. 


Pyrantin (p-Ethouxyphenylsuccinimide), fon HOD C,H,'0-C,H,. 

When heated above its melting point, p-ethoxyphenylsuccinamic acid 
readily parts with 1 mol. of water, the general method of preparation 
of pyrantin and its homologues being to warm the corresponding acid 
at about 180° in a sulphuric acid bath for about 40 minutes or until 
the evolution of aqueous vapour ceased. The product, which in most 
cases had darkened slightly in colour, was poured into a dilute solution 
of sodium carbonate to dissolve out any unattacked acid, and the 
resulting nearly colourless and brittle product filtered off, washed with 
water, and recrystallised from a little glacial acetic acid to remove 
small traces of colouring matter, and then from alcohol, from which it 
separated readily in colourless needles melting at 155°. 

This substance has been previously prepared by Piutti (loc. cit.) by 
the direct condensation of p-aminophenetole hydrochloride or phen- 
acetin with succinic acid, and its melting point given as about 155°. 

We also prepared this substance and its homologues by the direct 
interaction of succinic or an alkyl-succinic acid and p-phenetidine at 
temperatures of about 160—180°. In all cases, the reaction was very 
vigorous, and the product readily solidified on cooling. To purify it, 
the substance was dissolved in the least possible quantity of glacial 
acetic acid, the solution cooled, and the crystalline mass spread on a 
porous plate. The coloured matter was thus absorbed and a second 
treatment, if necessary, followed by a recrystallisation, always yielded 
a colourless product. 

As obtained in this way, pyrantin melted at 155°. Its solubility was 
determined in a 0°75 per cent. solution of sodium chloride at 30° as 
best representing conditions in the human system to which the drug 
would have to be subjected if employed internally. It was found that 
only 0:0701 gram dissolved in 50 c.c. of the solution, which gives the 
ratio 1 : 713. 

The colourless crystals (m. p. 155°), after being carefully dried for 
about 20 minutes at 97°, were analysed, with the following results : 
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0:1996 gave 0°4771 CO, and 0:1050 H,O. O=65:20; H=5-90. 
», 16°6 c.c, moist nitrogen at 21° and 765 mm. 
C,,.H,,0,N requires C=65°75 ; H=5'93; N=6'39 per cent. 

The measurement of the stability of the succinimide ring was carried 
out by a slightly modified form of the method employed by Hantzsch 


N=6'52. 


x 
t, x. | A-2. a Ae. 
| 
(1.) A=10°20. 
12 5°61 4°59 1°2222 0°1018 
15 5°57 4°63 1°2030 00802 
18 6°56 3°64 1°8022 0°1001 
21 6°31 3°89 1°6221 0°0772 
24 7°36 2°84 2°5916 0°1079 
27 7°55 2°65 2°8492 0°1055 
Mean 0°0984 
(2.) A=10°20. 
6 4°20 6°00 0°7000 0°1166 
9 4°97 5°23 0°9503 0°1056 
12 5°33 4°87 1°0945 0:0912 
15 6°13 4°07 1°5061 071004 
18 6°24 3°96 1°5757 0°0875 
21 6°73 3°47 1°9395 00923 
24 7°00 3°20 2°1875 0°0911 
27 7°44 2°76 2°6956 0°0998 
Mean 0°0981 
(3.) A=9°40. 
12 4°90 4°5 1°0888 0:0907 
Sea 4°90 45 1°0888 0°0777 
16 5°30 4°] 1°2927 0°0808 
18 6°10 3°38 1°8484 0°1027 
20 6°20 3:2 1°9375 0:0969 
214 6°40 3°0 2°1333 0°0992 
Mean 0°0913 


water. 


The mean of the three series of determinations is 4c-=0°0949. 


and Miolati (Joc. cit.). ; 
account of the sparing solubility of the homologues of pyrantin in 


Alcohol had to be used as the solvent on 


0°2190 gram of pyrantin was dissolved in 190 ¢,c. of alcohol ; the 


ee 
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solution was allowed to stand in the thermostat for about a quarter of 
an hour at 25°, and then 10 c.c. of a 1/10 caustic soda solution were 
added. Twenty c.c. were then withdrawn at regular known intervals 
and titrated with V/100 hydrochloric acid, using phenolphthalein as 
indicator. Under these conditions, 10 c.c. of WV/100 standard acid 
solution should correspond exactly to the amount of caustic soda which 
would be present in the 20 c.c. withdrawn for titration if no opening 
of the ring had taken place. 


The results (p. 794) were calculated from the formula pre. -T 2 


already used for phenyl-, tolyl-, and xylyl-succinimides by Miolati and 
Longo (oc. cit.), where A represents the amount of substance present 
at the commencement of the reaction, x is the amount of the changed 
substance present after time ¢ (in minutes), and c is a constant. In 
this and the estimations which follow 4 =10 nearly. 


Methylpyrantin (Methyl-p-ethowyphenyleuccinimide), 


CH,-CH—CO 
én,: G07 CoH ‘O-C,H,, 


was crystallised first from glacial acetic acid and then from alcohol. 
It separated from the latter solvent in small clusters of flat prisms 
melting at 105—106°. Crystals having the same melting point were 
also obtained by melting the crude substance in alcohol, adding hot 
water to the warm solution until it became slightly turbid, and then 
allowing it to cool, but the methylpyrantin obtained in this manner 
had a slight greyish tinge. On analysis: 


0:2109 gave 05176 CO, and 0:1270 H,O. C=670; H=6°7. 
04106 ,, 21°9 cc. moist nitrogen at 18° and 754mm. N=6°09. 
C,,H,,0,N requires C= 66°96 ; H=6°43; N=6°00 per cent. 

It is only moderately soluble in hot water and separates in needles 
on cooling ; 0°0694 gram dissolved in 50 c.c. of 0°75 per cent. sodium 
chloride solution under the conditions given above for pyrantin gave 
the ratio 1 : 720. 

For the determination of the stability constant, as described above, 
02330 gram was required to make A= 10, 
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| ; 
t x. | A-2 yy Ac 
(1.) A=10-20. 
3 4°32 5°88 0°7347 0°2549 
6 5°79 4°41 1°3129 0°2188 
4 6-20 4°00 1°5500 01722 
12 6°80 3°40 20000 0°1666 
15 7°24 2°96 2°4459 01631 
18 77602 | 2°44 31803 0°1767 
21 778 =| 42 32149 0°1531 
24 805 =| 215 3°7542 0°1560 
27 8°42 1°78 4°7303 0°1752 
Mean 0°1807 
(2.) A=10-20. 

4 4°94 5°26 0°9391 02348 
7°5 5:79 4°41 1°3129 0°1750 
10 609 4-11 1°4817 01482 
12°5 7°30 2°90 25172 0-2013 
15° 7°36 2-84 2°5915 01672 
18 7°60 2°60 2°9231 0°1624 
21 8-14 2-06 39514 0-1881 
23°5 8:27 1-93 4°2850 0°1823 
26°5 8-65 1°55 55806 0:2106 
Mean 0°1855 


The mean of the two series of experiments is 4c=0°1831. 


as-Dimethylpyrantin (as-Dimethyl-p ethoxyphenylsuccinimide), 


CH 0. 
(CH), Nes : ODN 'OyH,-0°0,H,. 

The as-dimethyl-p-ethoxyphenylsuccinamic acid used in the prepara- 
tion of as-dimethylpyrantin effervesced very strongly as it melted, 
and as the product seemed to darken rather rapidly and the reaction 
appeared to be complete after about 20 minutes’ heating at 180°, the 
viscid liquid was at once slowly poured into a dilute sodium carbonate 

_ solution. It did not crystallise out at all readily from alcohol until 
a crystal of the substance had been added; colourless needles 
were then obtained melting at 73°. This pyrantin was also pre- 
pared by the direct method of heating together the equivalent amounts 
of as-dimethylsuccinic acid and p-phenetidine. The specimen obtained 
melted at 70—72°. On analysis : 
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0:1470 gave 0°3658 CO, and 0:0926 H,O. C=6788; H=7-00. 


04002 ,, 


20°5 c.c. moist nitrogen at 19°and 750mm. N=5°80. 


O,,H,,0,N requires C= 68:03 ; H=6'88 ; N=5-67 per cent. 


0:0502 gram of the compound dissolved in 50 c.c. of 0°75 per cent. 
sodium chloride solution giving the ratio 1: 996. 


It is only very 


moderately soluble in hot water, from which it separated in needles. 


For the determination of the stability constant, 0'2470 gram was 
required to make A = 10. 


x 
t. x. A-x ype Ac. 
(1.) A=10°20. 
| 

6 4°31 5°89 0°7317 0°1219 

9 4°68 5°52 0°8478 0°0942 
12 5°16 5°04 1°0238 0°0853 
15 5°44 4°76 1°1428 0°0762 
18 6°08 4°12 1°4514 0°0806 
21 6°29 3°91 1°6087 0°0766 
24 6°61 3°59 1°8412 0°0767 
27 7°00 3°20 2°1875 0°0810 

Mean 0°0866 
(2.) A=10°20. 

9 4°85 5°35 0°9065 0°1007 
12 5°60 460 1°2174 0°1014 
15 5°75 4°45 1°2919 0°0861 
18 6°02 4°18 1°4402 0°0800 
21 6°24 3°96 1°5757 0°0750 
24 6°81 3°39 2°0088 0°0837 

Mean 0°0878 


The mean of the two series is Ac=0°0872. 


cis-8- Dimethylpyrantin (cis-s-Dimethyl-p-ethoxyphenylsuccinimide), 


CH,°CH:CO 
CH,*CH:CO 

After having been crystallised from acetic acid, cis-s-dimethylpyr- 
antin separated from alcohol as a mass of small needles, which had a 
silky appearance when dry and melted at 114—115°. 
obtained in small quantity during the attempts to prepare the sodium 


>N:C,H,"0:C,H;,. 


salt, of cis-s-dimethyl-p-ethoxyphenylsuccinamic acid (p. 791). 


analysis $ 


It was also 


798 GILBODY AND SPRANKLING: INFLUENCE OF THE 


0°1841 gave 0-4953 CO, and 01130 H,O. C=6842; H= 68:3. 
0'2806 ,, 14°35 c.c. moist nitrogen at 11°and 762mm. N=5'81. 
O,,H,,0,N requires C= 68°03 ; H=6°88 ; N =5-67 per cent, 


00548 gram of the substance dissolved in 50 c,c. of 0°75 per cent. 
sodium chloride solution, giving a solubility ratio of 1:920. It is 
only moderately soluble in hot water, separating out in needles on 
cooling, 

For the determination of the stability constant 02470 gram was 
required to make A=10. 


x A-x. | p perm ¢. 
—~ re, 
(1.) A=10-20, 
6 5°09 5‘11 0°9961 01660 
9 5°77 4°43 1°3025 0°1447 
12 6°40 3°80 1°6843 0°1404 
15 6°76 3°44 1°9651 0°1310 
18 7°15 3°08 23443 0°1302 
21 7°41 2°79 2°6558 0°1265 
24 7°79 2°41 3'2323 0°1347 
27 8°03 2°17 3°7005 0°1371 
30 8°19 2°01 4°0746 0°1358 
Mean 0°1385 
(2.) A=10-20 

| 
6 511 509 1°0039 0°1673 
9 5°59 4°@l 1°2126 0°1336 
12 6°49 $71 1°7499 0°1458 
15 6°81 3°39 | 2°0088 0°1339 
18 7°21 2°99 | 2°4113 0°1339 
21 7°51 2°69 2°7913 0°1328 
24 7°69 2°51 3°0637 0°1276 
| Mean 0°1393 

| | 


The mean of the two series is 4c=0°1889. 


trans-s-Dimethylpyrantin (trans-s-Dimethyl-p-ethoayphenylsuccinimide), 
CH,:CH———CO 
bH(CH,)-CO7N CoH'0-CoH , 


As trans-s-dimethy]-p-ethoxyphenylsuccinamicacid meltsat 184—185°, 
a temperature of 190—195° was employed in the condensation, and main- 
tained until the evolution of aqueous vapour had ceased, After the 
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usual treatment with acetic acid and alcohol, colourless needles melt- 
ing at 104—105° were obtained, a temperature which is 10° lower 
than that at which the cis-compound melts. A couple of recrystal- 
lisations did not alter the melting point. 

trans-s-Dimethylsuccinic acid is easily converted into the cis-modifi- 
cation by simple heating ; it might therefore be expected that in an 
analogous manner a cis-pyrantin derivative, or at least a mixture of 
the cis- and t¢rans-compounds, would be obtained, and the low melting 
point also lends colour to this possibility. As, however, a determina- 
tion of the stability constant gave figures which are completely different 
from those of the cis-s-dimethylpyrantin, the results are published here, 
and the definite solution of the problem as to whether the substance 
was pure ¢rans-s-dimethylpyrantin or a mixture of the two modifica- 
tions must be postponed to a future occasion. The stability constant 
obtained with the material we had at our disposal gave a mean for one 
series of experiments of 0°1839. 


Trimethylpyrantin (Trimethyl-p-ethonyphenylsuccinimide), 
(CH,),C—CO 
CH,-CH-Co7N CcHy0 O.H,. 


Trimethylpyrantin has been isolated in several ways, as the ring 
compound is formed with remarkable readiness. Thus it is obtained 
(1) by heating trimethyl-p-ethoxyphenylsuccinamic acid to 180° ; (2) in 
large quantity in the alcoholic mother liquors from the recrystallisa- 
tion of the acid, especially on standing ; (3) from the alkaline solution 
produced on attempting to prepare sodium trimethyl-p-ethoxyphenyl- 
succinamate ; (4) on dissolving trimethyl-p-ethoxyphenylsuccinamic 
acid in dilute caustic soda and allowing the solution to stand, when 
beautiful leaflets gradually separate out, and (5) by heating together 
equivalent quantities of p-phenetidine and trimethylsuccinie acid. 
After recrystallisation from acetic acid followed by alcohol, it separates 
in colourless needles melting at 87—88°. On analysis: 


0°1802 gave 0°4562 CO, and 0:1218 H,O. C=69°06; H=751. 
01992 ,, 9°4c¢.c. moist nitrogen at 22° and 746mm. N=5°50. 
C,;H,,0,N requires C= 68°96; H=7:28 ; N=5°36 per cent. 


It is only very sparingly soluble in 0°75 per cent. sodium chloride 
solution, 0°0394 gram dissolving in 50 c.c., which gives the ratio 
1:1272. In boiling water, it is almost insoluble, and the little that 
dissolves crystallises out again on cooling in hair-like needles. 

For the determination of the stability constant, 0°2610 gram was 
required to make A = 10, 
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xz 
t x. A-«2 A-s° Ae. 
(1.) A=10°20. 
4 
9 3°35 6°85 0°4890 0°0548 
13 8°65 6°55 0°5578 0°0429 
17 4°08 6°12 0°6666 00392 
21 4°90 5°30 0°9245 0°0440 
25 5°00 5:20 09615 0°0385 
29 5°04 516 0°9767 0°0337 
33 538 4°82 1°1162 3°0338 
37 6°22 3°98 1°5628 0°0422 
41 6°36 | 3°84 16562 0°0404 
Mean 0°0410 
(2.) A=10-20. ' 
10 3°60 6°60 0°5454 0°0545 
20 4°60 5°60 0°8214 0°0411 
30 5:20 5°00 1:0400 0°0347 P 
40 5°85 4°35 1°3448 00336 
55 7°30 2°90 2°5172 00458 
Mean 0°0419 
(3.) A=10°20. 
11 3°80 6°40 0°5937 00540 
15 4°25 5°95 0°7148 0°0476 
19 4°62 5°58 0°8280 0°0436 
23 5°39 4°81 1°1206 0°0487 
27 5°32 4°88 10901 0°0404 
31 6°54 | 3°66 1°7870 0°0576 
35 6°51 3°69 1°7642 0°0504 4 
| Mean 00489 
(4.) A=10-20. 
9 3°37 6°83 | 0°4934 0:0548 
12 3°70 6°50 0°5602 0:0474 
15 4°22 598 0°7056 0-0470 
18 4°53 5°67 0°7989 0-0444 
21 4°92 528 09318 00473 
24 5:28 492 1:0731 0°0447 
27 5°39 4°81 | 1°1205 0°0415 
| Mean 0°0467 
' —— 
The mean of the four series is 4c=0°0446, ‘ 
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isoPropylpyrantin (isoPropyl-p-ethoayphenylsuccinimide), 


CH,),CH:CH—O 
(CH), co NCH 0-C Hy, 


This compound crystallised from alcohol in colourless, glistening 
needles melting at 98—99°. In addition to the ordinary mode of pre- 
paration, it was obtained in large quantity during the attempts to 
prepare a pure sodium salt from the isopropyl-p-ethoxyphenylsuccin- 
amic acid (p. 793) ; it then melted at 97°. On analysis : 


0:1980 gave 0:4988 CO, and 0:1338 H,O. C=68:70; H=7°51. 
04208 ,, 20°4c.c. moist nitrogen at 20° and 763mm. N=5°56. 
C,;H,,0,N requires C=68:96 ; H=7:28; N=5-36 per cent. 


It is very sparingly soluble in the 0°75 per cent. salt solution, 0°0451 
gram dissolving in 50 c.c., thus giving the ratioof 1:1110. It is only 
moderately soluble in boiling water and separates out in long needles 
on cooling. 

For the determination of the stability constant, 0°2610 gram was 
required to make A= 10. 


| . 

t &. | A-x ra Ae. 
) ees cee 
(1.) A=10°20. 

8 5°42 4°78 1°1339 0°1417 
ll 5°90 4°30 1°3721 0°1247 
14 6°90 3°30 2°0909 0°1493 
17 7°28 2°92 2°4931 0°1466 
20 7°44 2°76 2°6956 0°1348 
23 7°81 2 39 3°2678 0°142) 
26 8°27 1°93 4°2850 0°1646 

Mean 0°1434 
(2.) A =10°20. 

6 5°17 5°03 1°0278 0°1713 

9 5°78 4°43 1°3077 0°1453 
12 6°12 4°08 1°5000 0°1250 
15 6°94 3°26 2°1288 0°1419 
18 7°23 2°97 2°4343 0°1352 
21 7°54 2°66 2°8346 0°1350 
24 7°92 2°28 3°4737 0°1447 
27 8°17 2°03 4°0246 0°1491 

Mean 0°1484 


The mean of the two series is dc=0°1434, 
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_. .. OH,CO 
Phenylsuccinimide, HC oo’ C,H;. 


This compound was prepared in the usual manner, and its stability 
constant was determined in both alcoholic and aqueous solution. 

Three series of experiments were carried out in alcoholic solution 
with the following results : 


| Teg 
t | &. | A- | A-2 AC, 
| | 
(1.) A=9°56. 
7 3°34 6°22 0°5370 0°0767 
9 3°68 | 5°88 0°6259 00695 
12 4°46 | 5°10 | 0°8745 00729 
16 4°36 520 | 0°8387 0°0524 
18°5 4°72 4°84 0°9752 0°0527 
21 4°54 502 | 0°9044 00431 
24°5 | 4°83 4°73 1°0212 0°0417 
28 4°95 4°61 10738 00383 
32 5°86 3°70 1°5840 00495 
| | Mean 0-052 
(2.) A=10-20 
9 3°66 6°54 0°5596 00622 
12 | 4°20 | 6°00 07000 0°0583 
15 4°55 | 5°65 0°8053 0°0537 
18 5°14 | 5:06 1:0158 00564 
21 5°23 497 1°0523 0°0501 
24 5°54 | 4°66 1°1888 0°0497 
27 6°31 | 3°89 1°6195 00599 
| | Mean 0°0557 
| 
| (3.) 4=9°56, 
5°75 2°86 6°70 |» 0°4269 0°0742 
10 3°60 5-96 0°6040 00604 
12°75 3°91 5°65 0°6920 00543 
15°25 4°22 5 34 0°7908 0°0518 
19 4°76 4°80 | 0°9917 00522 
21°75 511 4°45 11483 00528 
25°25 5-21 4°35 11977 0°0474 
29°5 600 | 3°66 1°6854 0°0571 
| Mean 0°0563 
The mean of the three series is 4de=0°0557. 
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To obtain a means of comparing the results obtained above for the 
methylpyrantins with the tolyl- and xylyl-succinimides, it was 
necessary to know the stability constant of phenylsuccinimide in 
aqueous solution. This determination has already been made by 
Miolati and Longo (Atti R. Accad. Lincei, 1894, [v], 3, 601), but unfor- 
tunately there is an error in the calculations. These authors give the 
mean of three series of experiments as 2°27, but if the mistake in the 
first series be rectified, the mean works out to be 2°18. 

Two series of experiments were also carried out with phenylsuccin- 
imide in aqueous solution, with the following results: 


Lo 
t x A-2. a Ac 
| 
(1.) A=9-56 
3°3 8-09 1°47 5°435 1°5848 
44 8°76 08 10°950 2°4886 
55 8°96 0°6 14°933 2°7140 
6°6 8°91 0°65 13°708 2°0770 
9°9 9°16 0-4 22°900 2°3131 
| Mean 2°2551 
(2.) A=9°56. | 
30 8°26 13 6°354 2°1180 
4°25 8°76 0°8 10°950 | 2°5765 
5°25 8°81 0°75 11°747 2°2375 
6°25 8°91 0°65 13°708 | 2°1938 
7°25 9°06 0°50 18°120 2:4965 
9 9°14 0°42 21°762 | 2°4180 
11 9°20 0°36 | 25°555 | 23232 ° 
| Mean 2°3375 


The mean of the two series is 4c=2°29. 


If the mean of Miolati and Longo’s and of the authors’ experiments 
be taken as probably the most correct figure, namely Ac = 2°23, the 
values for the substituted pyrantins in alcoholic solution can be first 
converted into the corresponding values for the respective substituted 
phenylsuccinimides in the same solvent, and then the value of the 
latter compounds converted from the stability constant, Ac, in alcoholic 
to that in aqueous solution. 

The experimental data necessary to accomplish this have been deter- 
mined above with pyrantin in alcoholic solution and with phenylsuccin- 
imide in both alcoholic and aqueous solution, 
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The pyrantin was found to have a stability constant, 4c =0-0949, 
and phenylsuccinimide one of Ac=0°0557, so although the ethoxyl 
group is so far away as the para-position to the nitrogen in the succin- 
imide ring, it has a very great effect in decreasing the stability of the 
fatty nucleus. 

0557 
0-0949 
the conversion of the values of the substituted pyrantins into those of 
the corresponding phenylsuccinimides. 


The two measurements give a factor (or divide by 1°704) for 


In Alcoholic Solution. 


Ae found. Ac cale. 

SEE s204ckeosse cesses 0:0949 Phenylsuccinimide ......  0°0557 
Methylpyrantin ......... 0°1831 Methylphenylsuccinimide 0-:1075 
as-Dimethylpyrantin ... 0°0872 as-Dimethylphenylsuccin- 

I retietannreticceers 0°0512 
cis-s-Dimethylpyrantin... 0°1389 cis-s-Dimethylphenylsuc- 

CI ininsicdcrisecencse 00815 
trans-s-Dimethylpyrantin (0°1839 1) ¢rans-s-Dimethylphenyl- 

succinimide ............ (0°10791) 
Trimethylpyrantin ...... 0:0446 Trimethylphenylsuccin- 

ID siicessendossvnsihces 0-0262 
tsoPropylpyrantin......... 0°1432 isoPropylphenylsuccin- 

CIES xc cccncessevns weines 0:0840 


The stability constant, Ac, for phenylsuccinimide in alcoholic solu- 
tion being 0°0557, and in aqueous solution 2°23, we get the second 
factor for the conversion of the value in alcoholic to that in aqueous 
solution, namely, 40°03, since 0°0557 x 40°03 = 2°23, giving the follow- 
ing results : 


Constant calculated 
for alcoholic for aqueous 
solution. solution. 

Phenylsuccinimide  ...............0004 . 0°0557 (found) 2°23 (found) 
Methylphenylsuccinimide............... 0°1075 4°30 
as-Dimethylphenylsuccinimide ...... 0°0512 2°05 
cis-s-Dimethylphenylsuccinimide ...... 0:0815 3°26 
trans-s-Dimethylphenylsuccinimide... (0°1079 %) (4°32 ?) 
Trimethylphenylsuccinimide ......... 0°0262 1:05 
tsoPropylphenylsuccinimide............ 0:0840 3°36 


The values so obtained, in conjunction with the experimental data 
of Miolati and his colleagues, enable a comparison to be made of the 
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result of an introduction of the methy! group into almost any position 
in the phenylsuccinimide ring, 


8.00. / 
or aa OD, 


and such comparison is afforded in the following list : 


Ae. Ac. 
trans-s-Dimethylpheny]- 

succinimide ............++. (4:32?) Xylylsuccinimide ............ 1145 
Methylphenylsuccinimide 4°30 p-Tolylsuccinimide ......... 112 
isoPropy|phenylsuccin- 

HEED .cevevceccoseisessves 3°36 m-Tolylsuccinimide ......... 1:10 
cis-8-Dimethylphenylsuc- 

Cinimide .......cccccreevee 3:27  Trimethylphenylsuccinimide 1°05 
Phenylsuccinimide ......... 2:23 2:5-Xylylsuccinimide ...... 0°88 
as-Dimethylphenylsuccin- 

SD cccusesndudanttconnes 2:05  o0-Tolylphenylsuccinimide... 0°856 
3: 4-Xylylsuccinimide...... 1:27 2:3-Xylylsuccinimide ...... 0°815 


2 : 6-Xylylsuccinimide, 0°16. 


a III. Conclusions. 


The general conclusions to be drawn from the data obtained in this 
research would seem to be as follows for phenylsuccinimide and simi- 
larly constituted substances. 

(1) Methyl groups introduced into an aromatic ring which is linked 
to an imide ring by means of the nitrogen atom cause the latter to become 
more stable ; also the nearer the methyl group is to the nitrogen atom 
the more stable is the ring (compare work of Miolati and his 
colleagues). 

(2) A methyl group introduced into the imide ring renders that 
ring less stable, but on the introduction of more methyl groups 
the stability increases, and after a certain number have been intro- 
duced, the stability becomes greater than in the case of the ring 
which does not contain the methyl group. 

(3) For a corresponding number of methyl groups, a substance con- 
taining constituents in the aromatic ring is much more stable than 
one with substituents in the imide ring. 

(4) The introduction of an ethoxy] group into the para-position in 
the aromatic ring causes a great decrease in the stability of the imide 
ring. 

The deductions could not be carried further without completing the 
experimental study of the effect of introducing methyl groups in both 
the aromatic and imide rings at the same time. One or two other interest- 
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ing points had also to be left in an incomplete state owing to the authors 
leaving Owens College, where the practical part of the work was 
carried out ; it was therefore decided to publish the results obtained. 


BRADFORD TECHNICAL COLLEGE. GovERNMENT LABoraTory, 
AnTIGUA, LEEWARD ISLANDs. 


LXXXI.—The Preparation of Highly Substituted 
Nitroaminobenzenes. 


By K. J. P. Orton. 


In the action of nitric acid on s-trihalogen anilines (this vol., p. 490), 
the nitroamino-s-trihalogen benzenes are always formed in smallamount. 
These nitroamines, under appropriate conditions, yield products identical 
with those obtained by the direct action of nitric acid on the anilines. 
It was suggested (/oc. cit.) that possibly the following series of changes 
took place : 


NH — 

NH,,HNO, NH-NO, Ta NH, 
x(x a x/ \k tg 
®. —>~) | = oI, a ) 

a 
Br Br - Br inU, — NO, 


The final transformation only occurs when a bromine atom is in the 
para-position relatively to the amino-group. When a chlorine atom 
is in the para-position, the iminoquinone, if formed, undergoes change 
in some other manner.* 

In order to study more minutely the transformations of these 
nitroamino-s-trihalogen benzenes, it was necessary to devise means of 
readily preparing them in quantity. The methods at present known 
(Bamberger, Ber., 1893, 26, 471, 485 ; 1894, 2'7, 584; 1895, 28, 401) 
of preparing nitroaminobenzenes are (1) oxidation of alkaline solutions 
of diazotates by potassium ferricyanide or permanganate ; (2) addition 
of dry aniline nitrate to acetic anhydride ; (3) treatment of the aniline 
in solution in ether or chloroform with nitrogen pentoxide. Owing 

* It is doubtful if in the nitration of anilines and anilides it is justifiable to assume 
that the nitroamino-derivatives necessarily occur as an intermediate stage. The 
course followed by the reaction must depend on whether, under the given conditions, 
the velocity of the formation of the nitroamino-derivative exceeds that of the direct 
action of the nitric acid with the aniline (or anilide) or with its tautomeric (imino- 
quinone) form. The same considerations apply to the chlorination and bromination 
of anilines and anilides. 
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to the feeble basic characters of the s-trihalogen anilines, the first two 
methods could only be applied with difficulty, and the use of nitrogen 
pentoxide is attended by many obvious disadvantages. 

I have found that the s-trisubstituted anilines (s-tribromoaniline, 
3 :5-dibromotoluidines, &c.) can be converted with ease and practically 
quantitatively into nitroamino-derivatives when a solution (or suspen- 
sion) of the aniline in glacial acetic acid is treated successively with 
some excess of nitric acid (free from nitrous acid) and acetic anhydride. 
The nitrate of the aniline, first formed, rapidly goes into solution, 
being converted nearly completely into the nitroamine. There is 
some development of heat in the reaction. The method is also applic- 
able to anilines in which one ortho-position is occupied by hydrogen 
(for example, 2 : 4-dichloroaniline) ; in this case, the conversion of nitrate 
into nitroamine does not take place so easily, and some nitration of the 
aniline in the ortho-position also occurs. With p-halogen anilines, the 
formation of the nitroamine from the nitrate is still more difficult, and 
is accompanied by more nitration. 

The nitroamino-s-trihalogen benzenes, which have a bromine atom 
in the para-position relatively to the imino-group, are largely con- 
verted into dihalogen-p-nitroanilines (compare this vol., p. 491), when 
their solutions in acetic acid, to which a drop of sulphuric acid 
has been added, are allowed to stand for several hours. With 
2-nitroamino-3 :5-dibromotoluene and 1-nitroamino-2 : 4 : 6-tribromo- 
3-nitrobenzene, the replacement of the p-bromine atom by the nitro- 
group scarcely appears to take place under these conditions. 

When added to concentrated sulphuric acid, the majority of the nitro- 
aminobenzenes here described give a deep purple or violet solution, with 
development of heat; if the sulphuric acid contains a little water, 
the solution is much paler and magenta-coloured. So long as a rise of 
temperature is avoided, only a small quantity of the oxides of nitrogen 
is evolved. Bromine is given off if a p-bromine atom is present. When 
a nitroamine containing an o-hydrogen atom is dissolved in sulphuric 
acid and the purple solution poured on to ice, the colour changes sharply 
to yellow, and a yellow precipitate of the isomeric nitrated aniline is 
thrown down ; thus nitroamino-2 : 4-dichlorobenzene is nearly entirely 
converted into 2: 4-dichloro-6-nitroaniline in this way. When the 
purple solution of a nitroamino-s-trihalogen benzene containing a 
p-bromine atom (s-tribromoaniline, 4c.) is poured on to ice, the colour 
changes to red and a red precipitate is thrown down; this precipitate 
contains a small amount of the dihalogen-p-nitroaniline and a well 
crystallised, red substance, probably nearly related to the substances 
obtained by the action of nitric acid on s-dihalogen-p-chloroanilines 


(loc. cit.) If the nitroamino-s-trihalogen benzene contains a p-chlorine 


atom, its behaviour resembles that of the last case, except that no 
3 H 2 
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chlorine or bromine is evolved and no p-nitrated aniline formed. The 
products, whether s-dihalogen nitroanilines or red substances, obtained 
by pouring these purple solutions on to ice, dissolve in concentrated 
sulphuric acid ; they no longer give a deep purple coloration, but pro- 
duce respectively a yellow or reddish-brown solution. Further, as 
above mentioned, the nitroamino-derivative of 2 : 4-dichloroaniline under 
this treatment yields 2 : 4-dichloro-6-nitroaniline nearly quantitatively. 
Hence, it seems highly probable that the purple solution corresponds to 
an intermediate stage between the nitroamine and the nitrated aniline, 

In the ordinary nitration of anilines in the presence of a large excess 
of sulphuric acid (for example, in the nitration of m-bromoaniline, this 
vol., p. 499), a purple solution is formed, which changes to yellow 
on pouring the acid liquor on to ice. 

Concentrated nitric acid (sp. gr. 1°5) readily dieses the nitro- 
amines, producing a solution which is more or less transiently of a 
purple colour ; the nitroamines derived from tetra-substituted anilines 
(2: 3:4: 6-tetrabromoaniline, &c.) give only a brown solution. 


EXPERIMENTAL. 


1-Nitroamino-2 : 4: 6-tribromobenzene, O,H,Br,-NH-NO,.—Thirty 
grams of finely powdered s-tribromoaniline were suspended in 300 c.c, 
of cold glacial acetic acid* (m. p. 15°5°). Twenty-five to 30 cc. of 
nitric acid (sp. gr. 1°5) free from nitrous acid were then added, and 
30 c.c. of acetic anhydride slowly poured in, while the mixture was 
kept cold and well stirred. The solid slowly and completely dissolved, 
forming a solution of a pale reddish or magenta colour. The liquid 
was now poured on to about 600 grams of ice and water ; a copious 
buff precipitate appeared, which was collected, washed free from acid, 
and then extracted with a cold solution of 10 grams of sodium 
carbonate in 150 c.c. of water. The solid nearly completely dissolved, 
leaving 2 grams of a yellow substance, consisting mainly of s-tribromo- 
aniline together with a little 2 : 6-dibromo-4-nitroaniline. The colour- 
less alkaline solution, after filtration, was diluted to 2 or 3 litres, 
warmed to about 80°, and then slowly acidified with a slight excess 
(about 100 c.c.) of 10 per cent. hydrochloric acid. The hot liquid, 
from which the nitroamine separated in small, slender needles, was 
rapidly cooled and the solid collected and dried. It weighed 
31 grams. 

Although the needles appear to be colourless in suspension in the 
mother liquor, they are found to be flesh-coloured when in mass. 
They can be obtained free from all colour by carefully acidifying a 


* Itis inadvisable to use sufficient acetic acid to completely dissolve this sparingly 
soluble aniline. 
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dilute lukewarm solution of the barium salt. The nitroamines 
derived from s-trisubstituted anilines seem to have a greater tendency 
to become coloured than other nitroaminobenzenes (see nitroamino- 
2: 4-dichlorobenzene), and their solutions in organic solvents deposit. 
coloured crystals. 

This substance, thus prepared, melted and decomposed at 143°, and 
was in every respect identical with the specimen previously obtained 
by the action of nitric acid on s-tribromoaniline (this vol., p. 493). It 
can be titrated by 1/10 potassium hydroxide in the presence of 
phenolphthalein : 


0'3368 neutralised 9°18 c.c. V/10 KOH. Equivalent =366'8. 
C,H,O,N,Br, requires equivalent = 375. 


The silver salt is a white, insoluble powder insensitive to light. 

The barium salt is prepared by mixing warm solutions of barium 
chloride and the ammonium salt, when it immediately separates in 
lustrous plates. On analysis of the air-dried salt : 


0'9684, at 100°, lost 0:019 H,O. H,O=1°96. 

04934, over sulphuric acid, lost 00112 H,O. H,O=2°27. 
0:5242 gave 01312 BaSO,. Ba=14°73. 

Ba(C,H,O,N,Br,),,H,O requires H,O=2:00 ; Ba=15-21 per cent. 


On attempting to crystallise the salt from boiling water, it is 
observed that at first short, transparent, four-sided prisms separate as 
the liquid cools, and then plates. These crystals arg not pure barium 
salt, but contain a little of the nitroamine, as on analysis the numbers 
found for barium are too low (about 0°7 per cent.) and those for 
bromine are too high (about 1 per cent.). The salt is dissociated 
hydrolytically to a small extent in water, and owing to the great 
insolubility of the nitroamine, the latter separates on cooling the 
hot solution of the salt. This was found to be the case with the 
barium salts of all the insoluble nitroamines, whilst those of the 
soluble nitroamines (1l-nitroamino-2 : 4-dibromo-6-nitrobenzene and 
1-nitroamino-2 : 4-dichlorobenzene) exhibit no such peculiarity. 

Methyl Ethers of Nitroamino-s-tribromobenzene.—As Bamberger, 
Franchimont, and others have found, the sodium salts of nitroamines, 
on treatment with methyl iodide, yield mainly ethers, *NMe-NO,, in 
which the methyl group is attached to nitrogen, whereas the silver 
salts yield mainly the isomeric oxygen ethers, ‘N,O-OMe. 

Two grams of the sodium salt were dissolved in 15 c.c. of methyl 
alcohol and a slight excess of methyl iodide was added. The mixture 
was left for 24 hours and then heated to gentle ebullition for 8 hours, 
On cooling, clumps of long needles separated ; addition of water threw 
down a further quantity of solid. This substance is practically a pure 
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methyl derivative; it is readily soluble in chloroform, benzene, or 
acetone, sparingly so in boiling petroleum, and can easily be crystal- 
lised from boiling alcohol, from which it separates in lustrous, long 
bands, or in transparent, four-sided prisms from very dilute solutions, 
or in needles, when the hot solution is rapidly cooled. These various 
forms melt at 95:5°. There was no indication of the formation of the 
isomeric o-methy] derivative : 


0°1683 gave 0'2438 AgBr. Br=61°63. 
C,H,0,N,Br, requires Br = 61°69 per cent. 


In concentrated sulphuric acid, the ether dissolves very slowly with 
a magenta coloration ; in fuming nitric acid, it dissolves immediately 
without giving any coloration and is apparently nitrated. 

When the silver salt of nitroamino-s-tribromobenzene is suspended 
in methyl alcohol and treated with methyl iodide, silver iodide is 
rapidly formed. After filtration, the solvent was evaporated, and the 
residual oil dissolved in chloroform and extracted with aqueous sodium 
bicarbonate. An oil was thus obtained which did not solidify at — 20°, 
but after standing for some weeks deposited a few crystals. These 
were separated and dissolved in hot alcohol, from which short prisms 
crystallised melting at 55—56° ; they are easily soluble in the lightest 
petroleum. 

1-Nitroamino-2 : 4: 6-trichlorobenzene, O,H,Cl,-NH-NO,.—Fifteen 
grams of s-trichloroaniline were dissolved in 150 c.c. of glacial acetic 
acid ; 12 c.c. of nitric acid were added,* and then 10 c.c. of acetic anhy- 
dride ; 16°5 grams of the pure nitroamino-derivative were obtained. It 
crystallised from a mixture of petroleum and chloroform in slightly 
coloured prisms, melting and decomposing at 135°, and was identical 
with the substance previously obtained from s-trichloroaniline and 
nitric acid (Joc. cit.). The bariwm salt crystallised in plates and was 
sparingly soluble in cold water : 


0°413, at 100°, lost 0°016 H,O. H,O=2°8. 
Ba(C;H,O,N,Cl,),,H,O requires H,O = 2°83 per cent. 


1-Nitroamino-2 : 6-dichloro-4-bromobenzene, C,H,Ci,Br-NH'NO,, was 
prepared from 2: 6-dichloro-4-bromoaniline ; it crystallised in slender, 
curved needles melting and decomposing at 137°: 


* s.Trichloroaniline nitrate.—The solid obtained by adding nitric acid to a 
solution of s-trichloroaniline in glacial acetic acid was collected and washed with dry 
ether, which dissolved a considerable quantity ; the remainder consisted of a felted 
mass of needles and was immediately decomposed by water into s-trichloroaniline 
and nitric acid. 

0°225 neutralised 81 c.c. N/10 Na,CO, when titrated in the presence of methyl 
orange, instead of 8°7 c.c., the calculated amount for CgH,Cl,"NH2,HNO;. 
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0'1286 gave 0'2122 AgCl+AgBr. AgOl+AgBr=165. 
C,H,0,N,Cl,Br requires AgCl + AgBr = 166 per cent. 


In solution in acetic acid, to which a drop of sulphuric acid has been 
added, this compound is transformed irito 2 : 6-dichloro-4-nitroaniline. 

1-Nitroamino-2-chloro-4 : 6-dibromobenzene, O,H,C1IBr,-NH°NO,, was 
obtained from 2-chloro-4 : 6-dibromoaniline ; it crystallised in slender, 
curved needles melting and decomposing at 137°: 


0'1886 gave 02969 AgCl+AgBr. AgCl+AgBr=157°4. 
C,H,0,N,CIBr, requires AgCl + AgBr=157'1 per cent. 


From this nitroamine, 2-chloro-6-bromo-4-nitroaniline can be obtained, 
but the yield is not so good as in the case of the preceding compound. 

1-Nitroamino-4-chloro-2 : 6-dibromobenzene, C,H,CIBr,*NH*NO,, pre- 
pared from 4-chloro-2 : 6-dibromoaniline crystallised in slender, curved 
needles melting and decomposing at 137°: 


0:2158 gave 0°339 AgOl+AgBr. AgCl+AgBr=157:09. 
C,H,0,N,CIBr, requires AgCl+AgBr=157'1 per cent. 


1-Nitroamino-2 : 4-dichloro-6-bromobenzene, C,H,Cl,Br*NH*NO,, pre- 
pared from 2 : 4-dichloro-6-bromoaniline, crystallised in slender, curved 
needles melting and decomposing at 137° : 


0°1816 gave 0°2992 AgCl+AgBr. AgOl+AgBr=164-75. 
C,H,O,N,Cl,Br requires AgCl + AgBr = 166°0 per cent. 


1-Nitroamino-2 : 4-dibromo-6-nitrobenzene, NO,’C,H,Br,-NH*NO,.— 
In this case, no precipitation occurred on pouring the acetic acid solu- 
tion containing the nitroamine into water. The yellow acid liquid was 
therefore repeatedly extracted with small quantities of chloroform and 
the dark brown chloroform extract shaken up with aqueous sodium 
carbonate, into which the nitroamine passed and from which it 
separated on acidifying the solution with sulphuric acid. It dissolves 
moderately both in hot and cold water, and crystallises in yellow 
plates from its aqueous solution when a little sulphuric acid is added. 
From a mixture of chloroform and petroleum it crystallises in well- 
formed, lustrous, orange prisms melting at 91—92°. With acetone, it 
forms an oil which is not decomposed by water. Its solution in con- 
centrated alkali hydroxides may be boiled for many hours without 
suffering any decomposition. In this behaviour, it offers a marked 
contrast to o-nitroacet- or o-nitroform-anilide, which are hydrolysed 
very readily by alkalis : 


0°1426 gave 0'1580 AgBr. Br=47'15. 
0,H,0,N,Br, requires Br= 46-9 per cent. 


The barium salt crystallises in yellow plates moderately soluble in 
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cold, and readily so in hot water. An air-dried specimen was analysed 
with the following results : 


03304, over sulphuric acid, lost 0:0054 H,O. H,O=1°63. 
0°3304 gave 0°091 BaSO,. Ba=16-23. 
Ba(C,H,0,N,Br,),,H,O requires H,O=2:15; Ba=16-4 per cent. 


This nitroamine could not be converted into 2-bromo-4 : 6-dinitro- 
aniline by the means previously described. 

1-Nitroamino-2 : 3 : 4 ; 6-tetrabromobenzene,C,HBr,*NH-NO,, prepared 
from 2:3 : 4: 6-tetrabromoaniline, crystallises in plates with a silvery 
lustre melting and decomposing at 136°: 


0°234 gave 03869 AgBr. Br=70°36. 
C,H,O,N,Br, requires Br = 70°46 per cent. 


This nitroamine dissolves in nitric acid with a brown and not a 
violet coloration ; with concentrated sulphuric acid, the violet solution 
is more slowly formed than with the majority of the nitroamines here 
described. 

1-Nitroamino-2 : 4 : 6-tribromo-3-nitrobenzene, NO,*C,HBr,-NH°NO,, 
is a little difficult to isolate, as it does not separate well on pouring 
the acetic acid solution on to ice ; it is best to extract the mixture with 
chloroform. It crystallises from a mixture of chloroform and petroleum 
in short, transparent, dull yellow, four-sided prisms melting and 
decomposing at 108—109°: 


0°3516 gave 0°4702 AgBr. Br=56°92. 
C,H,O0,N,Br, requires Br = 57°14 per cent. 


This substance neither dissolves in sulphuric nor in nitric acid with 
the characteristic purple coloration. 

1-Nitroamino-2 : 4-dichlorobenzene, C,H,Cl,*NH-NO,.—Five grams of 
2: 4-dichloroaniline were dissolved in 40 ¢.c. of glacial acetic acid and 
4 cc. of nitric acid added, whereupon the nitrate of the aniline 
separated as needles. The mixture was cooled to 10° and 5 c.c. of 
acetic anhydride added slowly. The temperature slowly rose and the 
nitrate gradually dissolved. It is best to keep the temperature bet ween 
20° and 25° ; below 20°, the nitrate is very slowly attacked, and above 
25° there is danger of acetylating the aniline. The solution, which 
was of a reddish-purple colour, was poured on to 150 grams of ice and 
the turbid liquid extracted three times with ether. The ethereal 
solution was shaken with water and then evaporated at a low 
temperature. The oil thus obtained was poured into 200 c.c. of hot 
water containing 3 grams of barium hydroxide, the alkaline solution 
filtered from a little solid (2 ; 4-dichloro-6-nitroaniline), and then 
exactly neutralised with acetic acid. On cooling, the barium salt 
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crystallised in aggregates of plates, which were quite pure after re- 
crystallisation : 


0°4532, at 100°, lost 0°0456 H,O. H,O=10°07. 
0'4532 gave 0°174 BaSO,. Ba=22°59. 
Ba(C,H,O,N,Cl,).,34H,O requires H,O=10°26 ; Ba=22°43 per cent. 


Nitroamino-2 : 4-dichlorobenzene is prepared by extracting an acidified 
aqueous solution of the barium salt with chloroform. The residue left 
after evaporating the chloroform is dissolved in boiling petroleum, 
from which the nitroamine separates in lustrous leaflets which may 
have very irregular edges, or be elongated into bands. It is moderately 
soluble in water, and crystallises therefrom in needles. It melts at 
55—56° to a coloured liquid : 


0°1834 gave 0°2524 AgCl. Cl=34-03. 
C,H,0,N,Cl, requires Cl = 34°25 per cent. 


This nitroamine is easily transformed into the isomeric 2 : 4-dichloro- 
6-nitroaniline ; its aqueous solution slowly becomes yellow and de- 
posits crystals of the aniline ; in solution in acetic acid, the same 
change takes place, and is much hastened by the presence of a mineral 
acid. From the purple solution which it forms with concentrated 
sulphuric acid, water throws down the nitrated aniline. 

4-Nitroamino-3 :5-dibromotoluene, CH,*C,H,Br,*N H*NO,.—This sub- 
stance is very easily prepared from 3:5-dibromo-p-toluidine by the 
method described above for the nitroamino-s-trihalogen benzenes, which 
it closely resembles. It crystallises in slender, curved needles melting 
and decomposing at 122-—123°: 


0:2332 gave 0'282 AgBr. Br=51-44. 
C,H,0,N,Br, requires Br =51'59 per cent. 


The barium salt crystallises in plates and is far more soluble in 
water than the other barium salts which have been prepared : 


0'288, at 100°, lost 0°0055 H,O. H,O=1°91. 
0:288 gave 0°0828 BaSO,. Ba=16°92. 
Ba(C,H,O,N,Br,).,H,O requires H,O = 2°33 ; Ba= 17°76 per cent. 


2-Nitroamino-3 : 5-dibromotoluene, CH,*C,H,Br."NH*NO,, was pre- 
pared from 3: 5-dibromo-o-toluidine and crystallised in the usual 
needles which melted at 112° and decomposed with evolution of gas 
at 122°: 


0°1355 gave 0°163 AgBr. Br=51'19. 
C,H,O,N.Br, requires Br=51°59 per cent. 


The barium salt crystallises in sparingly soluble plates : 
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0'5234, at 100°, lost 0:0122 H,O. H,O=2°33, 
0°5234 gave 0'151 BaSO,. Ba=16°9. 
(C,H,O,N,Br,),Ba,H,O requires H,O = 2°33 ; Ba=17°76 per cent. 


Although a solution of this nitroamine in acetic acid containing 
sulphuric acid gives off bromine, a very small amount of a nitrated 
base could only be obtained, and it was not possible to demonstrate 
satisfactorily that this product was 3-bromo-5-nitro-o-toluidine. 


The method here described affords a means of obtaining the nitro- 
amino-derivatives of aromatic diamines, substances which have not 
been hitherto prepared; these compounds will be described in a 
subsequent paper. 


St. BARTHOLOMEW’s HosPITAL AND COLLEGE, 
Lonpon, E.C. 


LXXXII.—WNitrogen Bromides containing the Propionyl 
Group. 


By F. D. Cuarraway. 


NitRoGEN bromides are more difficult to prepare than nitrogen chlor- 
ides, partly because hypobromous acid is less easily obtained and less 
stable than hypochlorous acid, and partly because they undergo trans- 
formation and are hydrolysed much more readily. 

Except in colour they closely resemble the corresponding nitrogen 
chlorides, and undergo similar isomeric changes when an unsubstituted 
or partially substituted phenyl residue is also attached to the nitrogen. 

Propionanilide and the bromopropionanilides readily react with 
hypobromous acid, the iminic hydrogen atom being replaced by bromine. 
A hypobromite is probably formed as an intermediate product thus: 


WoCET Pi 
C NG CHyCHs HOB = ¢ yc 


cpr Fs Hh0. 


I 


The action is a reversible one, for when nitrogen bromides are 
placed in water the opposite change takes place, until a position of 
equilibrium is reached. The ready hydrolysis with evolution of brom- 
ine which nitrogen bromides undergo when heated with water depends 
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on this and on the rapidity with which hypobromous acid passes into 
bromine and bromic acid : 


15HOBr = 10HBr + 5HBrO, = 6Br, + 6H,O + 3HBr0,. 


These nitrogen bromides show the characteristic behaviour of the 
nitrogen halogen linking, reacting readily with hydriodic acid, sul- 
phurous acid, hydrogen sulphide, alcohol, or potassium cyanide. 

When hydrogen is attached to the phenyl nucleus, either in the 
para- or ortho-position relatively to the nitrogen, the nitrogen brom- 
ides undergo isomeric change more readily than the corresponding 
chlorides. These changes are brought about in the same way as the 
latter by heating alone or with water or an acid. Owing to the 
readiness with which nitrogen bromides are hydrolysed, a little of 
the original anilide is generally re-formed in the process if water be 
present. 

The following scheme shows the directions of transformation, but 
whilst the general course of the transformations is similar in the two 
cases, it is important to note that the para-derivative is the -sole 
product of the transformation of propionyl phenyl nitrogen bromide : 


NBrPr NHPr NBrPr 


NHPr NBrPr NHPr 
/ ye 
Br ( - (“Br Br/ Br 
y, WY, 
NBrPr x r Br 
/ \ pr J) 


All nitrogen bromides when treated with an excess of a solution of 
hydrobromic acid are decomposed, bromine is liberated, and the corre- 
sponding aniline is re-formed. On the other hand, when an anilide is 
treated with an excess of bromine suspended or dissolved in water, a 
nitrogen bromide and hydrobromic acid are produced. These changes 
are the related parts of a reversible action, the direction of which is 
determined by the conditions. An addition of halogen acid or halogen 
to the nitrogen probably takes place thus :— 


Br Br Beri Br 
Pr p= Br _, Babe Pr 
Be yN<Gr + HBr = Br NKR Br NH + Br,. 
Br Br NB Br 


A large excess of hydrobromic acid or the continuous removal of the 
free bromine vauses the anilide to be re-formed, whilst on the other 
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hand the action proceeds in the opposite direction and a nitrogen 
bromide is produced when a salt of a weaker acid, as an acetate or 
borate, which can remove the hydrobromic acid, is added. 

The reversible nature of the reaction is only seen clearly when 
the nucleus is already fully substituted, as otherwise isomeric change 
and substitution into the ring may take place. 


EXPERIMENTAL. 
Propionyl Phenyl Nitrogen Bromide, C,H,*NBr-CO-CH,°CH,. 


This compound is prepared by shaking a solution of propionanilide 
in chloroform with a little more than the calculated quantity of a 
dilute solution of hypobromous acid* containing an equivalent weight 
of potassium bicarbonate, the temperature not being allowed to rise 
above 0°. The solution is separated, thoroughly dried over fused 
calcium chloride, and the chloroform completely evaporated off in a 
current of air, when a yellow, viscid mass is left which solidifies if 
cooled below 0° and stirred with a little petroleum of low boiling point. 
The pale yellow solid is dissolved in warm petroleum from which, on 
cooling, the nitrogen bromide separates in slender, very pale yellow 
somewhat irregularly grown pyramids. It melts at 88°. 


0°3684 liberated I= 32:2 c.c. V/10 1.4 Br as ‘(N*Br=34:94. 
C,H, ,ONBr requires Br as ‘-N-Br = 35°05 per cent. 


When rapidly heated above its melting point, it darkens somewhat 
in colour, and at about 125° is transformed almost explosively, with 
considerable development of heat, into a reddish-brown mass consisting 
mainly of p-bromopropionanilide. When melted and kept for some 
minutes at its melting point, it quietly changes into p-bromopropion- 
anilide, and solidifies to a white, crystalline mass, which, on further 
heating, melts at_ 145—146°, or about three degrees below the melting 
point of the pure isomeride. This transformation takes place slowly 
on allowing the compound to stand exposed to moist air, or rapidly on 
heating it under water or on adding to its solution in chloroform a 
little hydrobromic or hydrochloric acid; some hydrolysis, however, 
takes place under these circumstances, Although a very careful search 
has been made, no o-bromopropionanilide has been isolated from the 
product obtained by the transformation of propionyl phenyl nitrogen 

* The solutions of hypobromous acid referred to in this paper are easily made by 
shaking bromine with about three times its weight of precipitated mercuric oxide 
suspended in from 10 to 100 times its weight of water. 

+ All the nitrogen bromides and chlorides described in this paper were analysed 
in the usual way. A weighed quantity was dissolved in chloroform and shaken with 
an excess of a solution of potassium iodide acidified by acetic acid. The liberated 
iodine was then estimated by a solution of sodium thiosulphate. 
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bromide ; y-bromopropionanilide is apparently the exclusive product of 
the change, and can be obtained pure by once crystallising from 
alcohol. 


p-Bromopropionanilide, C,H,Br-NH-CO-CH,°CH,. 


This is most economically prepared by mixing p-chloroaniline with 
the calculated quantity of propionic anhydride, when much heat is 
developed, and heating for an hour at 120°. It is readily soluble in 
alcohol or chloroform, and from the latter solvent it separates in 
brilliant, colourless, rectangular plates with two domed edges. It 
melts at 149°. 


0:2147 gave 0°1766 AgBr. Br=35. 
C,H, ,ONBr requires Br= 35-05 per cent. 


Propionyl p-Bromophenyl Nitrogen Bromide, O,H,Br*N Br-CO-CH,°CH3. 


This substance can be obtained either from propionanilide,* or better, 
from p-bromopropionanilide by shaking a chloroform solution with a 
strong solution of hypobromous acid containing a little potassium bicar- 
bonate and a little precipitated mercuric oxide. On filtering and 
treating as described under propionyl phenyl nitrogen bromide, it is 
obtained in bright yellow, transparent, glistening prisms and melts 
at 78°: 


0'3008 liberated I=19°6 c.c. V/10 I, Br as -N-Br=26°05. 
C,H,ONBr, requires Br as -N-Br = 26-04 per cent. 


When heated above its melting point, it darkens in colour and is 
transformed with development of heat at about 150—160° into a dark 
coloured mass, from which 2 : 4-dibromopropionanilide can be isolated. 
The transformation takes place with some little hydrolysis when the 
compound is heated under water to 100°, and is best effected by dis- 
solving it in chloroform, adding a drop of propionic acid, and heating 
in a sealed tube for a short time at 100°. 


Propionyl p-Bromophenyl Nitrogen Chloride, C,H, Br*NCl-CO-CH,-CH,. 


This, like all the nitrogen chlorides described in this paper, was pre- 
pared by shaking for a few hours a solution of the anilide in chloroform 
with a half normal solution of potassium hypochlorite containing an 
excess of potassium bicarbonate. The chloroform solution was separ- 
ated, dried over fused calcium chloride, and the solvent evaporated. The 
pale yellow oil thus obtained was cooled and treated as previously 

* When an excess of a strong solution of hypobromous acid is used, the transforma- 


tion of the propionyl phenyl nitrogen bromide first formed takes place at the 
ordinary temperature, even in presence of potassium bicarbonate and mercuric oxide. 
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described until it solidified, when it was separated and recrystallised 
from light petroleum. 

Propionyl p-bromopheny! nitrogen chloride crystallises in colourless, 
transparent, four-sided plates, apparently flattened rhombs, and melts 
at 59°: 

0°4208 liberated I=32'1 cc. W/10 I. Olas -N-Cl=13°52. 

O,H,ONCIBr requires Cl as :NCl=13°5 per cent. 


When dissolved in chloroform, to which a drop of propionic acid 
has been added, and heated slowly in a sealed tube to 100°, it is 
transformed into 2-chloro-4-bromopropionanilide, 


o-Bromopropionanilide, C,H, Bre NH-CO-CH,°CH,. 

This is conveniently obtained by heating o-bromoaniline for two 
hours to 120° with the equivalent quantity of propionic anhydride. 
It is best recrystallised from dilute alcohol, and finally from petroleum 
(b. p. 60—80°), in which it is readily soluble. It forms slender, 
colourless prisms and melts at 93°: 


0°1996 gave 0°1646 AgBr. Br=35-09. 
C,H, ,ONBr requires Br = 35-05 per cent. 


Propionyl o-Bromophenyl Nitrogen Bromide, C,H, Br*NBr*CO°CH,°CH, 

This can be prepared from o-bromopropionanilide by the method 
previously described. It is, however, not necessary to prepare hypo- 
bromous acid, as a freshly made, cooled solution of bromine in caustic 
potash, to which excess of a solution of potassium bicarbonate has been 
added, may be used. The latter may often be employed instead of 
hypobromous acid in the preparation of those nitrogen bromides 
which do not undergo transformation very readily. 

Propionyl o-bromophenyl nitrogen bromide is very soluble in 
chloroform, but only sparingly so in petroleum (b. p. 60—80°). From 
the latter solvent, it separates in very pale yellow, long, transparent, 
glistening prisms and melts at 117°: 


0°2296 liberated I=14'9 c.c. V/10 I. Bras -N-Br= 25°94. 
C,H,ONBr, requires Br as -N*Br = 26-04 per cent. 
When slowly heated in a sealed tube to about 150° with a little 
propionic acid, it is transformed into 2 : 4-dibromopropionanilide. 


Propionyl o-Bromophenyl Nitrogen Chloride, C,H,BreNCl-CO-CH,°CH,. 
This substance crystallises from petroleum (b. p. 60—80°) in 
glistening, transparent, flattened rhombs and melts at 59°: 


0°3392 liberated I= 25-8 c.c. V/10 I. Clas -N-Cl=13°48. 
C,H,ONCIBr requires Cl as -N*Cl=13°5 per cent. 


THE PROPIONYL GROUP. 819 


When slowly heated in a sealed tube to about 150° with a little 
propionic acid, it is transformed into 2-bromo-4-chloropropionanilide. 


2 : 4-Dibromopropionanilide, C,H, Br," NH: CO-CH,* CH,. 


This is easily obtained by heating the aniline with the equivalent 
quantity of propionic anhydride for 3 hours at 150°. It is readily 
soluble in alcohol or chloroform, moderately so in petroleum, and erys- 
tallises from alcohol in fine, long, colourless, silky needles which melt 
at 136°. These become electrified on rubbing, and, when dry, the 
particles fly apart on drawing a platinum spatula over them : 


01670 gave 0:2046 AgBr. Br=52°14. 
©,H,NOBr, requires Br = 52°08 per cent. 


Propionyl 2 :4-Dibromophenyl Nitrogen Bromide, 
C,H,Br,*N Br-CO-CH,"CH,. 


This compound can be obtained from 2 : 4-dibromopropionanilide in 
the ordinary way, and also by shaking for several hours a solution of 
the anilide in chloroform with bromine suspended in water at 0° con- 
taining an excess of sodium acetate or borax; the chloroform solution 
is separated, thoroughly washed with water, dried over calcium chloride, 
and treated as usual. It crystallises from petroleum (b. p. 60—80°) 
in glistening, transparent, very pale yellow rhombs and melts at 87°: 


0'3253 liberated I=16'8 c.c. W/10 I. Br as :N-Br=20°64. 
O,H,ONBr, requires Br as :N*Br= 20°71 per cent. 
When heated slowly in a sealed tube with a drop of propionic acid 
to about 120°, it is transformed into 2 : 4 : 6-tribromopropionanilide, 


Propionyl 2:4-Dibromophenyl Nitrogen Chloride, 
O,H,Br,*NCl-CO-CH, CH,,. 
This crystallises from petroleum in transparent, flat, four-sided, 
apparently rectangular plates and melts at 71°: 


0°6435 yielded 1=37°8 c.c, W/10 I. Clas N:Cl=10°41. 
C,H,ONCIBr, requires Cl as N:Cl= 10°38 per cent. 


When heated in a sealed tube with a little propionic acid to about 
120°, it is transformed into 2-chloro-4 : 6-dibromopropionanilide, which, 
however, is somewhat impure, probably owing to the formation of a 
little 2 : 6-dibromo-4-chloropropionanilide. 


2:4:6-Zribromopropionanilide, O,H,Br,*NH*CO-CH,°CH,. 


2:4:6-Tribromoaniline was suspended in chloroform in which waa 
dissolved the calculated quantity of propionyl chloride, an equivalent 


nnn ene De = nn 
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amount of pyridine was then added, when at once the solution became 
warm and the aniline dissolved. The liquid was boiled for an hour 
and then poured into water and heated until the chloroform had 
volatilised. The white solid which separated was filtered off and 
recrystallised from alcohol, in which it was readily soluble. It separated 
from this solvent in long, colourless, flattened prisms and melted at 203°: 


0°1880 gave 0°2744 AgBr. Br=62°11. 
C,H,ONBr, requires Br = 62°14. 


Propionyl 2:4: 6-Tribromophenyl Nitrogen Bromide, 
O,H,Br,*N Br°CO-CH,°CH,. 


In the preparation of this substance from 2: 4: 6-tribromopropion- 
anilide, a solution of hypobromous acid or a solution of bromine in 
caustic potash or bromine suspended in excess of a solution of sodium 
acetate or borate can be employed. The last method shows the 
reversible character of the reaction of a nitrogen bromide with hydro- 
bromic acid. 

This nitrogen bromide is readily soluble in chloroform, moderately so 
in petroleum (b. p. 60—80°), and crystallises from the latter in clusters 
of slender, flattened, bright yellow prisms melting at 82°: 


0°3762 liberated I=16-1 c.c. V/10 1. Bras -N-Br=17°11. 
C,H,ONBr, requires Br as ‘N-Br=17°19 per cent. 


When heated above its melting point, it decomposes at about 190° 
with evolution of bromine, leaving a dark coloured residue from which 
2:4: 6-tribromopropionanilide can be isolated. 


Propionyl 2:4: 6-Tribromophenyl Nitrogen Chloride, 
C,H,Br,*NCl*CO-CH,°CHs. 
This compound crystallises from petroleum in clusters of small, 
colourless, flattened prisms and melts at 75°: 


0:2828 liberated I=13°5 c.c. W/10 I. Cl as -N-Cl=8:46. 
C,H,ONCIBr, requires Cl as -N-Cl=8-43 per cent. 


It may be noted that, as in the case of the nitrogen bromides of the 
corresponding chloropropionanilides, propionyl p-bromopheny] nitrogen 
bromide and propionyl 2:4: 6-tribromophenyl nitrogen bromide are 
bright yellow in colour, whilst propiony] o-bromopheny] nitrogen bromide 
and propionyl 2 : 4-dibromopheny] nitrogen bromide are of a very pale 
yellow. Propionyl phenyl nitrogen bromide itself is, however, very 
pale yellow. 
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LXXXIII.—Substituted Dihydrobenzenes. Part I. 
A*** Dimethyldihydrobenzene. 
By ArTHuR WILLIAM CrossLey and Henry Ronpet Le Suecr. 


WueEn dimethyldihydroresorcin is treated with phosphorus penta- 
chloride, two oxygen and two hydrogen atoms are removed apparently 
as hydroxyl groups, and these are replaced by chlorine atoms, giving 


rise to dichlorodimethyldihydrobenzene: CMe, . -O(OH H 
CH: CCl H:CCl 
thus becomes CMe<on coi? OH or OMe, o:q¢)> OF - 


) II. 

The action of phosphorus haloids on substituted dihydroresorcins is 
at present being thoroughly investigated, and a detailed discussion of 
the course of the reaction will therefore be left over for future con- 
sideration. It need only be pointed out here that there are two 
possible formule for dichlorodimethyldihydrobenzene as represented 
above (I and II). 

The position of the two chlorine atoms in this substance can be 
readily proved, for on oxidation with dilute nitric acid it yields, among 
other substances, 3 : 5-dichlorobenzoic acid, 


CH :CCl CH:CCl 
OMe.<oH cc? e4 > 0047 SoH: ogi cs 
and on boiling with dilute sulphuric acid, dimethyldihydroresorcin is 
regenerated. Presumably this is a case of simple hydrolysis, whereby 
the dienolic form of dimethyldihydroresorcin is momentarily produced, 


2001 H-OH B 
CMe OH, oor? + HoH = : 


2HCl + OMe<on Oo, 
and which at once oo over into the more stable and usual ketoenolic 


om, OMe O10 -C(0H 


Ber., 1894, 27, 3020). 

A similar result follows from the action of halogen acids, for if dichloro- 
dimethyldihydrobenzene be dissolved in glacial acetic acid saturated 
with hydrogen bromide, dimethyldihydroresorcin or its hydrobromide 
is obtained, and in glacial acetic acid, saturated with hydrogen 
chloride, dimethyldihydroresorcin or its hydrochloride is formed, 
according to the length of time that the substances are allowed to 
remain in contact. 

If, on the other hand, the dichloride be treated with hydrogen 
VOL. LXXXI. 3 I 


HCH (compare Klages and Knoevenagel, 
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chloride in absolute alcoholic solution, the dihydroresorcin, or its 


monoethyl ether, OMes<oH come cE is obtained. Presumably 
2 ? 


this is also a time reaction, the dichloride being first hydrolysed with 
production of dimethyldihydroresorcin, which is then’esterified by the 
alcohol and hydrogen chloride. 

After many experiments, it has also been found possible to decide 
on the position of the double bonds in dichlorodimethyldihydrobenzene, 
or, in other words, to establish the fact that this substance is homo- 
geneous and not a mixture of two substances of the formule I and II 
(page 821). When oxidised with nitric acid, with chromic acid mix- 
ture, or with potassium permanganate, the two main products are 
as-dimethylsuccinic and dimethylmalonic acids, a fact which would at 
first sight seem to prove definitely that the substance is a mixture, 
dimethylsuccinic acid resulting from the oxidation of a compound 
having formula I: 


CH-CCl CO,H 
OMe<oycoi?CH => OMe ont -co,H 
and dimethylmalonic acid from a substance having formula II: 


Canon, > omy QOH 4 28cm, 

The most satisfactory experiments are those in which potassium 
permanganate is used, and the authors therefore base their conclusions 
mainly on them. Dichlorodimethyldihydrobenzene is attacked only 
very slowly by potassium permanganate in the cold, and at first the 
oxidations were carried out by boiling the solution, when the results 
arrived at were those just indicated. If, however, the oxidation is 
allowed to take place at the ordinary atmospheric temperature, 
dimethylsuccinic acid is the sole oxidation product, and although care- 
ful search was made for dimethylmalonic acid, not a trace could be 
isolated. 

This is strong evidence in favour of the supposition that the 
dichlorodimethyldihydrobenzene is homogeneous and has the formula 


CH: CCl 
CMe on ocr? OH ‘ 


The formation of dimethylmalonic acid when heat was employed 
during the oxidation is therefore probably due to the further oxidation 
of dimethylsuccinic acid at the moment of its production. 

Moreover, if dimethylmalonic acid resulted from the oxidation of a 
substance of formula II, then malonic (or acetic) acid should also have 
been obtained, but not a trace could be detected. 
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Lastly, there can be no doubt that the usual form in which dihydro- 
resorcins exist is the ketoenolic form, for example, 


OMe or ‘(ony ams 


and if further proof of this were needed, it is to be found in the action 
of phosphorus trichloride on this substance, which gives rise to & com- 


pound of the formula OMe, <o OH "002 OH (details of this reaction 


will be published in a cslunenans communication). Presumably, 
phosphorus pentachloride would act in a similar manner, replacing the 
hydroxyl group by chlorine, in which case the position of one of the 
double bonds is assured. The ketone group would then be replaced 
by two chlorine atoms, and hydrogen chloride eliminated as follows 
(compare Klages and Knoevenagel, Ber., 1894, 27, 3020) : 


CH,°CCl H: CCl 
OMe,<oH-ooi>CH = HO + CMe<oHt oo OE- 

It is therefore concluded that the above is the correct formula of 
dichlorodimethyldihydrobenzene, a conclusion which is furthersupported 
by a consideration of the constitution of dimethyldihydrobenzene 
itself (see below). 

When dichlorodimethyldihydrobenzene is treated with sodium in 
moist ethereal solution, the chlorine atoms are replaced by hydrogen 
atoms, giving rise to dimethyldihydrobenzene, OMe,<oH cH? CH, a 
substance which shows a strong resemblance to the natural terpenes 
in its odour and general chemical behaviour. It is very readily attacked 
by potassium permanganate in the cold, and only one single oxidation 
product could be obtained, namely, as-dimethylsuccinic acid : 

OMe,<on cH? CH —> OMe, 00,1 

This seems to prove definitely the correctness of the proposed 
formula for dimethyldihydrobenzene and also that of its dichloro. 
derivative from which it is obtained to the extent of more than 70 per 
cent. of the calculated quantity. 

Towards bromine or hydrobromic acid, dimethyldihydrobenzene 
behaves as if it contained only one double linking, for it absorbs one 
molecular proportion of each. In view of the fact that Knoevenagel 
(Annalen, 1896, 289, 131) described a series of hydrocarbons which he 
believed to be dihydrobenzenes, but which were shown at a later date 
(Annalen, 1897, 207, 113) to be tetrahydrobenzenes, every care has 
been taken to prove that the hydrocarbon described in the present 
communication is really a dihydro- and not a tetrahydro-benzene, 
312 
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There seem to be two possible explanations of the behaviour of the 

hydrocarbon towards bromine and hydrobromic acid. First it will be 
C 

noticed that dimethyldihydrobenzene contains the complex O>0-C%6, 


which, as is well known, exhibits an exceedingly feeble tendency to form 
additive products (compare Trans., 1901, 79, 379, 1287). Only one 
mol. of hydrogen bromide would then be added on giving the substance, 
CH——CH, 

OH,‘ CHBr7 CH 

Secondly, if the above formula be correct, it contains the grouping 
*C:0°C:C*, with which Thiele (Annalen, 1899, 306, 87) has dealt in 
his theory of partial saturation. According to this theory, when 
hydrogen bromide adds itself on to dimethyldihydrobenzene, only one 
mol. would become attached, and this at the two extreme carbon atoms 
of the above grouping, thus necessitating a rearrangement of the bonds 
with production of a substance having one of the yen formule : 


IV. OMe,<GH OH, SCH or 


Ill. OMe,< 


V. OMe, CH. = foe 


and in order to obtain some evidence on this point the hydrobromide 
was submitted to oxidation with potassium permanganate. The 
reaction takes place readily in the cold, and the amount of per- 
manganate required is about one-half of that needed for the oxidation 
of the hydrocarbon. The products obtained were as-dimethylsuccinic 
and #@-dimethylglutaric acids, and the lactone of a-hydroxy-Bf- 
dimethylglutaric acid. The formation of the two latter substances 
effectively disprovesthesupposition that the hydrobromide is represented 
by formula III (above), from which (if a glutaric acid resulted) only 
aa-dimethylglutaric acid could be formed. 

Formula IV must also be rejected, for although it readily accounts 
for the production of the lactone by first supposing that the bromine 
atom is converted into a hydroxyl group, giving: 


OMe HOH n> CH le OMe <OH COOH sign 


H 
OMe,< on — So, 


it does not admit of the formation of BB-dimethylglutaric acid, but 


only of aa-dimethylglutaric acid, 
0,H: CO, H 
—_ OMe, 7. H, 


CH(OH)-CH 
CMe CH 
‘on,—on,” 
From a compound of the formula V, BA-dimethylglutaric acid and 
also the lactone may easily result : 
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H,*00,H 
OMe,<oR — a: OMe<on". ‘00H: 


As the oxidation proceeds as thus represented, the solution becomes 
alkaline, and the elements of hydrogen bromide may be removed from 
the hydrobromide, partial oxidation taking place at the double bond thus 
formed, giving rise to an intermediate product, which can suffer oxida- 
tion in two ways, giving either dimethylsuccinic or hydroxydimethyl- 
glutaric acids : 


H.'00.H 
CH(OH) 7 ©MeS\co%n ’ 
OM CH-OH 2 
°c > a a 
"UUs 


and moreover it is shown in the experimental part of this paper that 
the lactone itself, on further oxidation, gives a-dimethylsuccinic acid. 
It is can concluded that the hydrobromide has the formula 


CMe OR OH -CHBr HS0n, and is 5-bromo-]: 1-dimethyl-A*-tetrahydro- 


benzene, wal the evidence on which this is founded seems strongly to 
favour the supposition that the addition of hydrogen bromide to 
dimethyldihydrobenzene takes place in accordance with Thiele’s 
suggestions. 

The physical properties of the hydrocarbon and its dichloro-deriva- 
tives have also been examined, with results deciding in favour of these 
compounds being substituted dihydrobenzenes, 

This work has been done by Dr. W. H. Perkin, senr., to whom 
the authors desire to express their appreciative thanks for his valuable 
assistance. 

The magnetic rotation of dimethyldihydrobenzene is 11°024, whereas 
if it were a tetrahydrobenzene it would be about the same as tetra- 
hydrobenzene +2CH,:, or 


Tetrahydrobenzene ..........++s000 6393 
2 x CH, =1:023 K2 ....ceccereceevene 2°046 
8°439 


Again, the refractive value of dimethyldihydrobenzene for H, is 
practically identical with that calculated : 


C, = 5x 8=40 
H,,=1°3 x 12=15°6 
2 Ethylene linkings =2°3x 2= 4°6 


60°2 
Found 60°217 
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It is also interesting to observe how very different the rotation of 
a dihydrobenzene is from that of tetrahydrobenzene and of benzene 
itself, as may be seen from the following comparison : 


Dimethyldihydrobenzene............ eeseee C,H,, 11:024 
Tetrahydrobenzene + CH, x 2= 
639842046... cc.cecssecaee } CoH, 8-439 


—_— —__ — 


Difference= + 2°585 


Ai licticcstnsneqetnnesccsvuneusmmeme C,H, 11-284 
Dimethyldihydrobenzene - CH, x 2= 
11-024 - 2:046 } Cols sie 


Cem ee eee ewer eneereeeeeeese 


Difference — 2'306 


‘The magnetic rotation of dichlorodimethyldihydrobenzene lies be- 


tween that of dichlorocyclohexane and p-dichlorobenzene, allowing for 
difference of composition : 


Dichlorocyclohexane + CH, x 2........+++ = 10976 
Dichlorodimethyldihydrobenzene ......... =13°377 
p-Dichlorobenzene +CH, x2 ........+06 =15°701 


On comparing the magnetic rotation of dichlorodimethyldihydro- 
benzene with that of the hydrocarbon, the influence of chlorine 
displacing hydrogen in this substance is seen thus : 


Dichlorodimethyldihydrobenzene ......... 13:377 
Dimethyldihydrobenzene ...... ...csssse 11:024 
Cl, displaces Hy........sseeseeees 2°353 


This is a very low number, but is very similar to that found for 
p-dichlorobenzene (2371) ; the low value is most probably due to the 
relative position of the radicles, which in this compound as regards the 
halogen is 1 : 3, since the rotations of substances of this class are usually 
very similar to those of para-compounds. 


EXPERIMENTAL. 
3:5-Dichloro-1 : 1-dimethyl-A?' -dihydr obenzene, 


‘ CH :CCl 
(CH,),C<on co CH- 

One hundred and fifty grams (1 mol.) of dimethyldihydroresorcin and 
450 grams of dry chloroform were placed in a flask attached toa reflux 
condenser and 450 grams (2 mols.) of phosphorus pentachloride added. 
A somewhat vigorous reaction sets in and the dimethyldihydroresorcin, 
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which is not completely soluble in the amount of chloroform used, 
readily goes into solution, After adding about one-fourth of the 
phosphorus pentachloride in small quantities, the remainder may be 
added in one lot, and the whole gently heated on a water-bath until 
complete solution is effected. The heating is continued more strongly 
for 14 to 2 hours, when the evolution of hydrogen chloride is practic- 
ally complete ; the chloroform is then evaporated, and the clear yellow 
liquid product poured into ice-cold water and extracted with ether. The 
ethereal solution, after shaking with sodium hydroxide solution until 
alkaline, is washed with water, carefully dried over calcium chloride, 
the ether evaporated off, and the residue distilled in a vacuum. 

The following fractions were collected under 23 mm. pressure : 

91—92°=133 grams ; 92—98°=35 grams; 98—115°*=5 grams, 
On redistilling the fraction 92—98°, a considerable quantity was found 
to boil between 91° and 92°, and on finally redistilling this fraction 
155 grams (82 per cent. of theory) were obtained of constant boiling 
point. On analysis, the following numbers were obtained : 


0°1580 gave 0°3120 CO, and 0:0788 H,O. C=53'86; H=5-54. 
0:2026 required 0°3915 AgNO,.t Ol=40°34. 
0,H,,Cl, requires C= 54:23 ; H=5°65; Cl=40-11 per cont. 


3: 5-Dichloro-1 : 1-dimethyl-A?'*-dihydrobenzene is a colourless, mobile, 
highly refractive liquid boiling at 92° under 23 mm. pressure, and 
having a sp. gr. 11394 at 15°/15°. It is volatile with steam, but not 
without slight decomposition. It has a sharp, although not very pro- 
nounced, aromatic odour, resinifies slowly on exposure to air, and 
cannot be kept for very long, even in well-stoppered bottles, as it 
slowly decomposes, turning yellow and evolving hydrogen chloride. 
On heating with 20 per cent. sulphuric acid, it is slowly reconverted 
into dimethyldihydroresorcin. 

Action of Bromine.—Two grams of dichlorodimethyldihydrobenzene 
were dissolved in dry chloroform and a solution of bromine in chloro- 
form slowly added in the dark. The colour of the bromine remained 
permanent when 1°8 grams had been added, which corresponds with 
the formation of a dibromide, but this compound could not be isolated 
in a pure state owing to the ease with which it undergoes decomposi- 
tion with evolution of hydrogen bromide. 

Action of Halogen Acids.—Dichlorodimethyldihydrobenzene was 
mixed with excess of a solution of hydrogen bromide in glacial acetic 
acid, when, on shaking, the former gradually went into solution, and on 


* Evidence has been obtained of the presence of other substances in this higher 
fraction, and the results will be communicated shortly. 

+ The volumetric method for the determination of halogens as recommended by 
Walker has been used in al] cases mentioned in this investigation, 
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standing crystals separated which were found to melt at 168° with 
decomposition and evolution of gas. This substance was proved to be 
identical with the hydrobromide of dimethyldihydroresorcin previously 
described (Crossley, Trans., 1899, '75, 776). If, however, the reaction 
be interrupted, as soon as the dichlorodimethyldihydrobenzene has 
gone into solution, by pouring the whole into ice-cold water, dimethy]l- 
dihydroresorcin separates out in theoretical amount. 

Dichlorodimethyldihydrobenzene is also acted on by solution in 
glacial acetic acid saturated with hydrogen chloride, and on allowing 
the solution to stand crystals formed, which were separated, washed by 
decantation with cold acetone, dried on bibulous paper, then in a vacuum 
for a short time, and the chlorine determined : 


0°1180 required 0°1113 AgNO,. Cl=19°69. 
C,H,,0,,HCl requires Cl = 20°11 per cent. 


Dimethyldihydroresorcin hydrochloride crystallises in large, rhombic 
plates which, when heated in a capillary tube, soften at 105°, partially 
melt and give off gas at 126°, and melt to a clear yellow liquid at 131°. 
It is a very unstable substance, which could only be obtained crystalline 
in the above-mentioned manner. On solution in other solvents, 
hydrogen chloride is given off, and dimethyldihydroresorcin crystallises 
out. 

A specimen of the hydrochloride made by dissolving dimethyldi- 
hydroresorcin in glacial acetic acid saturated with hydrogen chloride 
showed all the above properties. 

Dichlorodimethyldihydrobenzene is also acted on by hydrogen chloride 
in alcoholic solution. Two grams of the dichloride were dissolved in 
15 grams of absolute alcohol, and after saturating with hydrogen 
chloride allowed to stand for 44 hours. The whole was then poured 
into water, extracted with ether, &c., when 2 grams (calc. 2°2 grams) 
of an oil were obtained, distilling at about 250° and solidifying on 
cooling. The solid was boiled with light petroleum (b. p. 40—60°), 
filtered from a very small amount of solid (dimethyldihydroresorcin), 
when large crystals separated which melted at 58—59°, and proved to 
be the monoethyl ether of dimethyldihydroresorcin (compare Crossley, 
Trans., 1899, '75, 775). 


Densities, Magnetic Rotation, and Refractive Values of Dichlorodimethyl- 
dihydrobenzene. 


The following physical data were determined by Dr. W. H. Perkin, 
sen, : 

Densities: d 4°/4°=1:1493; d 10°/10°=1°1435; d 15°/15°=1:1394; 
d 20°/20° =: 1:1357; d 25°/25°=1'1318., 
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Magnetic Rotation. 


t. Sp. rot. Mol. rot. 
145° 15508 13°377 


Refractive Values. 


Density : d 15°5°/4° = 113787. 


p—1 w—1 
Line. t. Me a” 
Seen 15°5° 1°50458 0°44344 78°489 
He eS eee 155 1°51798 0°45681 80°855 
Hy vee see eee ees 15°5 1°52986 0°46565 82°420 


Dispersion : H,— H, 3°931. 


Calculated value for H,,. 


C, = 40°00 

H,, = 13°00 

Cl, = 19:74 

2 Ethylene linkings = 4°60 
77°34 


Dichlorodimethyldihydrobenzene therefore gives a higher value than 
the calculated by 1:149. Dichlorohexahydrobenzene also gives a higher 
number than the calculated by 0°919 (Trans., 1898, '73, 994). 


Oxidation of Dichlorodimethyldihydrobenzene. 


I. Oxidation with Potassium Permanganate.—Eighteen grams of di- 
chlorodimethyldihydrobenzene were suspended in 500 c.c. of water, 
45 grams of potassium permanganate added, and the whole heated in 
a flask attached to a reflux condenser for 3 hours, when reduction was 
complete. A further 40 grams of permanganate were then added and 
the heating continued for 4 hours, at the end of which time no further 
reduction took place. The last traces of permanganate were removed 
by sulphurous acid, the solution filtered from manganese dioxide, 
the alkaline filtrate evaporated to a small bulk, acidified with sulphuric 
acid, and extracted six times with ether. On evaporating the ether, 
11 grams of a white solid were obtained. This was dissolved in water 
and the solution saturated with hydrogen chloride, when well-formed, 
needle-shaped crystals separated, which melted between 115° and 121°, 
but did not become clear until 150°, when a gas was evolved ; although 
the crystallisation was repeated several times, it was found impossible 
to obtain a substance of definite melting point. 
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It was then thought that this material might be a mixture of 
as-dimethylsuccinic and dimethylmalonie acids, a supposition which 
was borne out by the following experiments. 

The substance was heated in a small distillation flask to 180°, when 
@ gas was evolved and a volatile liquid passed over smelling strongly 
of isobutyric acid. This liquid was then distilled, when all but a few 
drops passed over between 150° and 160°; a portion boiling at 155° 
was converted into the silver salt and analysed : 


01984 gave 01102 Ag. Ag=5554 
C,H,0,Ag requires Ag = 55°38 per cent. 


This conclusively proves the presence of isobutyric acid, produced 
by the elimination of carbon dioxide from dimethylmalonic acid. 

The residual liquid which did not distil on heating to 180° was 
found to be insoluble in cold water (dimethylsuccinic anhydride) but 
dissolved readily on boiling, and on saturating the solution with 
hydrogen chloride stout, needle-shaped crystals separated which melted 
at 140—141°. It was not considered necessary to analyse the sub- 
stance, as the oxidation of dimethyldihydrobenzene (see page 836) had 
been completed before these experiments, but in order further to 
prove its identity with as-dimethylsuccinic acid, a portion was con- 
verted into the anilic acid, which crystallised from methyl alcohol in 
nacreous needles melting at 186—187° (compare Trans, 1899, '75, 861). 

If potassium permanganate is allowed to act on dichlorodimethyl- 
dihydrobenzene in the cold, oxidation takes place very slowly, and the 
results obtained differ from the above, inasmuch as dimethylsuccinic 
acid is then the sole oxidation product, 

The method of procedure was as already described, except that the 
mixture was allowed to stand for 16 days at the ordinary atmospheric 
temperature, The solid oxidation product was heated to 180° but no 
trace of isobutyric acid was given off, and on boiling the residual liquid 
with water and saturating the solution with hydrogen chloride, crystals 
separated which melted at 140—i41°. 

In a second experiment, in which the mixture was allowed to stand 
for 24 days, the oxidation product was crystallised from hydrochloric 
acid, without previously heating to 180°, and again crystals were 
obtained melting quite sharply at 140—141°, 

Il. Oxidation with Nitric Acid.—Forty grams of dichlorodimethyl- 
dihydrobenzene were heated with 320 c.c, of dilute nitric acid to the 
boiling point for 50 hours. The whole was then extracted with ether 
seven times (mother liquor from extraction =A) the ethereal solution 
washed with potassium hydroxide (washings =), then with water, 
dried over calcium chloride, and the ether evaporated. The light 
yellow, oily residue (9 grams) thus obtained had a penetrating odour 
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and its vapours attacked the eyes, It contained both chlorine and 
nitrogen, and consisted probably of nitro-derivatives of dichlorodi- 
methyldihydrobenzene, but no definite substance could be isolated, for 
on distillation a vigorous decomposition took place accompanied by 
evolution of nitrous fumes. 

A. This liquid was evaporated on the water-bath with constant 
addition of water until all the nitric acid had been driven off. The 
solid residue (8 grams) crystallised from water in long needles melting 
at 100°, evolved carbon monoxide on warming with concentrated 
sulphuric acid, and gave a yellow precipitate on heating with ferrous 
sulphate solution, thus proving it to be oxalic acid. 

B. The alkaline liquid was acidified and distilled with steam (residue 
of steam distillation=C). From the distillate, which smelt strongly 
of isobutyric acid, a solid separated (0°12 gram) which was filtered 
off and purified by recrystallisation from water, in which solvent the 
substance is very sparingly soluble. The needle-shaped crystals thus 
obtained melted at 182° and were found to contain chlorine, which was 
estimated ; 


0:0774 required 0°1385 AgNO,. Cl=37°38 
C,H,0,Cl, requires Cl= 37:17 per cent. 


The analysis and properties of this substance prove it to be identica] 
with the 3 : 5-dichlorobenzoic acid melting at 181—181°5°, described 
by Lellmann and Klotz (Annalen, 1885, 231, 324). 

C. This liquid was evaporated toa small bulk and then repeatedly 
extracted with ether, the ethereal solution dried over calcium chloride, 
and the ether evaporated, when the residue (3 grams) solidified com- 
pletely. It was heated to 180°, when a gas was evolved and isobutyric 
acid distilled over, which was converted into its silver salt and 
analysed ; 


0:0808 gave 00450 Ag. Ag=55'69 
C,H,0,Ag requires Ag = 55°38 per cent, 


The non-volatile residue from the substance heated to 180° was boiled 
with water and the solution saturated with hydrogen chloride, when 
as-dimethylsuccinie acid, melting at 140—141°, crystallised out in 
needles. 

The original solid substance was therefore a mixture of dimethyl- 
succinic and dimethylmalonic acids. 

Experiments were also made in which nitric acid of various strengths 
was used, in the hope of getting larger quantities of the dichloro- 
benzoie acid, but without appreciable success. When concentrated 
nitric acid was employed, a mixture of crystalline nitro-products was 
obtained, which has not so far been more fully investigated, 


- 
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III. Oxidation with Potassiwm Dichromate and Sulphuric Acid.— 
Eighteen grams of dichlorodimethyldihydrobenzene were suspended in 
250 c.c. of water, 40 grams of potassium dichromate and 55 grams of 
concentrated sulphuric acid added, and the whole was heated on the 
water-bath. Oxidation took place so slowly that heating was continued 
on a sand-bath for 14 hours. The whole was then distilled with steam, 
when traces of volatile acid passed over, together with 9 grams of un- 
altered dichlorodimethyldihydrobenzene, The residue of the distillation 
on extraction with ether yielded 3°5 grams of a solid substance, which 
was proved to consist of a mixture of as-dimethylsuccinic and dimethy]- 
malonic acids by the method already described. 


Dimethyl-A?'*-dihydrobenzene, (CH,),C < oH, oH> OE: 


Large quantities of dichlorodimethyldihydrobenzene were worked 
up in the following manner. Sixteen grams of dichlorodimethyldihydro- 
benzene were dissolved in 350 grams of moist ether and 14 grams of 
sodium, cut in very thin slices, gradually added. The whole was gently 
heated on a water-bath, and towards the end of the operation, which 
occupied 5—6 hours, small quantities of water were added from time 
to time. The ethereal solution was then poured into water, washed 
until no longer alkaline, very carefully dried over calcium chloride, 
and then distilled, using a column, when the following fractions were 


collected : 
34—40° 40—130° above 130°. 


The fraction above 130° (56 grams from 112 grams of dichloro 
dimethyldihydrobenzene) was again treated with sodium in moist 
ethereal solution, as above described, when a further quantity of the 
fraction 40—130° was obtained. The fraction 40—130°, which con- 
tained only traces of chlorine, was then heated with metallic sodium 
for 2 hours and distilled, using a column. A small amount of ether 
came over between 35° and 45°, then the thermometer rose rapidly to 95°, 
and between this temperature and 115° the whole of the residue passed 
over. The liquid 95—115° was then twice distilled over metallic 
sodium, when the following fractions were obtained : 


95—100°=2drops. 105—109°=1 gram. 110—111°=30 grams. 
100—105°=4 drops. 109—110°=10 grams, 111—111°5°=10 grams. 


Taking the substance 110—111°5° as pure material, this is a 59 per 
cent. yield of the theoretical from 112 grams of dichlorodimethyl- 
dihydrobenzene, or if the fraction 109—111°‘5° be accepted as pure, 
the yield becomes 72:5 per cent. of the theoretical. A portion of the 
substance boiling at 111° was analysed : 
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0°1018 gave 0°3294 CO, and 0°1047 H,O. C=88:24; H=11°42. 
01060 ,, 0343400, ,, 0:1062 H,O. C=8835; H=11°13. 
O,H,, requires C= 88°88 ; H=11-11 per cent. 

Dimethyldihydrobenzene is a clear, colourless, mobile, highly refractive 
liquid with a faint odour of garlic, and at the same time strongly 
resembling that of the terpenes. Out of contact with air, it may be 
kept for some time without undergoing any change, but on exposure 
to air it polymerises, and ultimately sets to a pale yellow, gelatinous 
mass. It boils at 111° at 770 mm., and has a sp. gr. 0°8153 at 
15°/15°. With concentrated sulphuric acid, it gives a blood-red colour, 
changing to a beautiful violet-purple on standing, a colour change 
which is best seen when the sulphuric acid is added to a solution of 
the hydrocarbon in acetic anhydride. 

No evidence of the production of a nitro-derivative could be 
obtained by the action of a mixture of concentrated nitric and 
sulphuric acids on the hydrocarbon, which is violently attacked if the 
mixture is allowed to assume the ordinary atmospheric temperature. 

Dibromide, O,H,,Br,.—A solution of the hydrocarbon in chloroform 
or carbon tetrachloride rapidly decolorises a solution of bromine in 
the same solvent, absorption being complete when two atomic pro- 
portions of bromine have been added on: 

1:0794 absorbed 1:56 Br. Molecular absorption = 155-6. 

C,H,, requires 160 for Br, and 320 for Br,. 


All attempts to obtain the dibromide in a pure condition were un- 
successful, as the liquid product rapidly decomposes with evolution of 
hydrogen bromide. 

Hydrobromide (5-Bromo-1 : 1-dimethyl-A*-tetrahydrobenzene), C,H, ,Br. 
—The hydrocarbon dissolved in glacial acetic acid was added to an 
excess of a saturated solution of hydrogen bromide in glacial acetic 
acid and allowed to stand for 12 hours. It was then poured into 
ice-cold water, extracted with ether, the ethereal solution washed with 
very dilute sodium carbonate solution, then with water, and after 
careful drying with calcium chloride the ether was evaporated. The 
residue distilled quite constantly without any sign of decomposition at 
90'5° under 16 mm, pressure. 

The hydrobromide was previously (Proc., 1901, 17, 246) but 
erroneously described as crystalline ; it is a clear, colourless liquid, 
smelling strongly of turpentine. When pure, it can be kept for 
some time out of contact with air, but on exposure to air it rapidly 
absorbs moisture and decomposes. A bromine determination in the 
freshly-distilled liquid gave the following numbers : 


0°2114 required 0°1918 AgNO, Br=42°70. 
O,H,,Br requires Br = 42°33 per cent. 
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It has not been found possible to add on a second mol. of hydrogen 
bromide to the hydrocarbon. 

Oxidation of the Hydrobromide.—Twenty grams of the hydrobromide 
were suspended in 800 c.c. of water and a cold saturated solution of 
potassium permanganate was added (70 grams of permanganate were 
required) until the colour remained permanent after 12 hours. The 
excess of permanganate was then destroyed with sulphurous acid, the 
solution filtered, evaporated to a small bulk, acidified, and extracted 
eight times with ether. The residue (13 grams) from evaporation of the 
ethereal solution solidified completely on standing. It was dissolved 
in the smallest possible quantity of boiling chloroform, when, on 
cooling, needle-shaped crystals (3°5 grams) separated which, after 
crystallisation from hydrochloric acid, melted at 140°, gave an anilic 
acid melting at 186°, and therefore consisted of as-dimethylsuccinic acid. 

The chloroform mother liquors were then evaporated, and the solid 
residue was heated for 3 hours with excess of acetyl chloride; after 
evaporation of the latter the residual liquid was distilled in a vacuum, 
when the following fractions were collected under 25 mm. pressure : 
140—170°=1°5 grams ; 170—187°=2 grams ; 220—240°= 3:2 grams. 
The thermometer rose very rapidly between 187° and 220°. 

The fraction 140—170° was proved to consist of as-dimethylsuccinic 
anhydride, for since the corresponding acid is not completely insoluble 
in cold chloroform, it had not been entirely removed by this treatment. 

The fraction 170—187° (@G-dimethylglutaric anhydride, b. p. 181° 
under 25 mm. pressure) solidified on standing. It was purified by 
crystallisation from benzene, from which solvent it separated in thin, 
transparent plates melting at 124°; it gave an anilic acid melting at 
134°, and on boiling with water an acid melting at 100°, which is thus 
proved to be #B-dimethylglutaric acid (compare Perkin and Goodwin, 
Trans., 1896, 69, 1475). 

The fraction 220—240° solidified on standing. After repeated 
crystallisation from benzene, it separated in stellar aggregates of 
transparent needles melting at 110°5°, and was analysed with the 
following results : 


0°1034 gave 0:2020 CO, and 00602 H,O. C=53:27; H=6°47. 
C,H,,0, requires C=53°16 ; H=6°33 per cent. 
Towards caustic soda, it behaves as a lactonic acid ; when neutralised 
in the cold, the following figures were obtained : 
0°5730 required 3°60 c.c, V-sodium hydroxide. Calculated = 3°62 c.c. 
C,H,,0,, mol. wt. cale, = 158 ; found = 159. 


On heating the above solution, a further 8°66 c.c. of V-sodium hydr- 
oxide were necessary for neutralisation, which proves that in the cold 
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the substance behaves as a monobasic acid, but on heating with 
alkali the lactonic ring is destroyed, with production of a dibasic acid. 
On adding silver nitrate to a solution of the lactonic acid neutralised 
in the cold with ammonium hydroxide, no precipitate is formed, 

This substance is evidently the lactone of a-hydroxy-88-dimethyl- 


glutaric acid, (CH,),0< CH (OOF So, previously described by 
2 


Perkin and Thorpe (Trans., 1899, '75, 56). 

Oxidation of the Lactone.—A solution of potassium permanganate 
was added to a boiling solution of the lactone in water until no longer 
decolorised. After working up the resulting liquid in the usual way, 
the residue obtained was heated with excess of acetyl chloride, &. 

The anhydride so obtained did not solidify even after distillation, 
but on boiling it with water and saturating the solution so formed 
with hydrogen chloride, needle-shaped crystals separated melting at 
140° and consisting of as-dimethylsuccinic acid. . 

Silver salt of a-hydroxy-BB-dimethylglutaric acid, C,H,.0,Ag,, is ob- 
tained as a caseous precipitate on adding silver nitrate to a solution of 
the lactone. When neutralised in hot solution with pure sodium 
hydroxide ; 


0:1654 gave 00910 Ag. Ag=655-02. 
C,H,,0;Ag, requires Ag = 55:38 per cent, 


The nitrosochloride of dimethyldihydrobenzene, C,H,,*NOCI, was ob- 
tained by adding a mixture of equal volumes of glacial acetic acid and 
concentrated hydrochloric acid to a well-cooled solution of the hydro- 
carbon in amyl nitrite (compare Wallach, Annalen, 1888, 245, 251). 
It was purified by crystallisation from methyl alcohol and the chlorine 
determined : 


01040 required 0°1030 AgNO,. Cl= 20°68. f 
C,H,,ONCI requires Cl = 20°46 per cent. 


The nitrosochloride, of which the yield is only 7 per cent, of the 
theoretical, crystallises in slender, silky needles. As its melting point 
is also a decomposition point, it is somewhat indefinite and varies 
according to the rate at which it is heated from 118°5° to 126°. 

An attempt to prepare a nitrosate of the hydrocarbon was unsuc- 
cessful. 


Densities, Magnetic Rotation, and Refractive Values of Dimethyl- 
dihydrobenzene. 


The following physical data were determined by Dr. W. H. Perkin, 
sen. ; 
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Densities: d 4°/4°=0°8246 ; d 10°/10°= 90-8193 ; d 15°/15° = 08153; 
d@ 20°/20°=0°8117; d 25°/25° =0°8083, 


Magnetic Rotation. 


te Sp. rot. 
154° 14977 


Refractive Value. 
Density : d 14°/4° = 0°81573. 
u-l 
t. ps d- 
14° 1°45482 0°55756 
14 1°46733 057290 
14 1:47530 058267 62°928 
Dispersion: H,-H, 2°711. 


Oxidation of Dimethyldihydrobenzene. 


Ten grams of the hydrocarbon were suspended in 300 c.c. of water 
and a cold saturated solution of potassium permanganate was added. 
The permanganate was very rapidly decolorised and the solution became 
appreciably warm. As soon as the pink colour remained permanent 
(36 grams of permanganate required), the alkaline solution was filtered 
from manganese dioxide, evaporated to a small bulk, acidified with 
sulphuric acid, and distilled in steam. Five hundred c.c. of the distil- 
late were neutralised by 17 c.c. of WV/10 potassium hydroxide, corre- 
sponding to 0°15 gram of a volatile acid of the formula 0,H,0,, for all 
practical purposes a negligible quantity. The residue of the steam 
distillation was extracted five times with ether, when a residue of 
6°5 grams, which gradually solidified, was obtained. After crystal- 
lisation from hydrochloric acid, this melted at 140—141°, which is the 
melting point of as-dimethylsuccinic acid, and the identity of the 
two substances was further proved by analysis : 


0'1590 gave 0:2862 CO, and 0:0990 H,O. C=49°09; H=6-91. 
C,H, ,0, requires C = 49°31 ; H = 6°85 per cent. 


When it had been found that on oxidising dichlorodimethyldihydro- 
benzene with potassium permanganate, dimethylmalonic acid was 
obtained, as well as dimethylsuccinic acid, the oxidation of 5 grams of 
the hydrocarbon was repeated with omission of the steam distillation. 
The solid material obtained (3°5 grams), instead of being crystallised 
from hydrochloric acid, was heated in a distillation flask to 180°. No 
trace of isobutyric acid was obtained, and after boiling the residue 
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with water and saturating the solution with hydrogen chloride, the 
crystals obtained melted at 140—141°. as-Dimethylsuccinic acid is 
therefore the sole oxidation product of the hydrocarbon. 


The authors desire to express their thanks to the Research Fund 
Committee of the Chemical Society for a grant which has, in part, 
defrayed the expenses of this investigation. 
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LXXXIV.—The Radioactivity of Thorium Compounds. 
II. The Cause and Nature of Radioactwnity. 


By E. Rurwerrorp and FrepErick Soppy. 


Art the close of the first paper on this subject (this vol., p. 321), it was 
shown that a constituent responsible for part of the radioactivity of 
thorium could be separated from its compounds by chemical means. 
Two methods were given. In one,a thorium solution was precipitated 
by ammonia, and the thorium hydroxide precipitate showed only about 


one-third of the normal activity, whilst the filtrate, on evaporation and 
removal of the ammonium salts by ignition, left a very active residue 
—in some cases more than a thousand times as active as an equal weight 
of thoria. In the other method, thorium oxide was washed repeatedly 
with large quantities of water. ‘The washings, on evaporation, deposited 
very active residues, whilst the radioactivity of the thoria was appreci- 
ably diminished by the process. 
In both these- methods, the active residues are extremely small, 
and the view was put forward that even the most active specimens 
consisted largely of accidental impurities, ThX, the active constituent 
of thorium, being only present in minute amount. By the kindness 
of Dr. Knéfler, of Berlin, who in the friendliest manner placed at our 
disposal a large specimen of his purest thorium nitrate, we were at 
once able to confirm this opinion. This specimen, which had been 
purified by many processes, did not contain any of the impurity pre- 
cipitable by sodium phosphate after the removal of the thorium with 
ammonia, which was present in the commercial nitrate previously used. 
The radioactivity and emanating power of Dr. Kniéfler’s specimen were, 
however, at least as great as any other in our possession, and the 
residues obtained from the filtrate after precipitating with ammonia 
were no less active, 
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I. Scope of the Present Paper. 


In the present communication, the results of a further detailed in- 
vestigation of the radioactivity and emanating power of thorium 
compounds are given, and these have led to a theoretical interpretation 
of the processes involved which give rise to the phenomenon of natural 
radioactivity. 

The Influence of Time on the Activity of Thorium and ThX.—The 
preparations employed in our previous experiments were allowed to 
stand over during the Christmas vacation. On examining them about 
three weeks later it was found that the thorium hydroxide, which 
originally possessed only about 36 per cent. of its normal activity, had 
almost completely recovered the usual value. The active residues, on 
the other hand, prepared by both methods had almost completely lost 
their original activity. The chemical separation effected was thus not 
permanent in character. At this time, M. Becquerel’s paper (Compt, 
rend., 1901, 133, 977) came to hand, in which he shows that the same 
phenomena of recovery and decay are presented by uranium after it 
has been partially separated from its active constituent by chemical 
treatment. 

A long series of observations was at once started to determine: 

1, The rate of recovery of the activity of thorium rendered less 

active by removal of ThX, 

2, The rate of decay of the activity of the separated ThX, 
in order to see how the two processes were connected. The results led 
to the view that may at once be stated. The radioactivity of thorium 
at any time is the resultant of two opposing processes : 

1. The production of fresh radioactive material at a constant rate 

by the thorium compound, 

2. The decay of the radiating power of the active material with time. 
The normal or constant radioactivity possessed by thorium is an equili- 
brium value, where the rate of increase of radioactivity due to the 
production of fresh active material is balanced by the rate of decay of 
radioactivity of that already formed. It is the purpose of the present 
paper to substantiate and develop this hypothesis. 


II. The Rates of Recovery and Decay of Thorium Radioactivity. 


A quantity of the pure thorium nitrate was separated from ThX in 
the manner described by several precipitations with ammonia. The 
radioactivity of the hydroxide so obtained was tested at regular inter- 
vals to determine the rate of recovery of its activity. For this purpose, 
the original specimen of 0°5 gram was left undisturbed throughout the 
whole series of measurements on the plate over which it had been 
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sifted, and was compared always with 0°5 gram of ordinary de-eman- 
ated thorium hydroxide spread similarly on a second plate and also left 
undisturbed. The emanation from the hydroxide was prevented from 
interfering with the results by a special arrangement for drawing a 
current of air over it during the measurements. 

The rate of increase of emanating power of the same preparation 
was determined at the same time (see section VII). The methods and 
apparatus employed have been described in the previous paper. 

The active filtrate from the preparation was concentrated and made 
up to 100 c.c. in volume. One-fourth was evaporated to dryness, the 
ammonium nitrate expelled by ignition in a platinum dish, and the 
radioactivity of the residue tested at the same intervals as the hydr- 
oxide to determine the rate of decay of its activity. The comparison in 
this case was made with a standard sample of uranium oxide kept 
undisturbed on a metal plate, which repeated work has shown to be a 
perfectly constant source of radiation. The remainder of the filtrate 
was used for other experiments (sections V and VII). 

The following table gives an example of one of a numerous series 
of observations made with different preparations at different times. 
The maximum value attained by the hydroxide and the original value 
of the ThX are taken as 100 : 


Time in days, Activity of hydroxide. Activity of ThX. 
0 44 100 
1 37 117 
2 48 100 
3 54 88 
4 62 72 
5 68 oo 
6 71 53 
8 78 a 
9 — 29°5 
10 83 25°2 
13 — 15°2 
15 — 11‘1 
17 96°5 _ 
21 99 — 
28 100 — 


Fig. 1 (p.840) shows the curves obtained by plotting the radioactivities 
as ordinates, and the time in days as abscisse. Curve II illustrates the 
rate of recovery of the activity of thorium, curve I the rate of decay 
of activity of ThX. It will be seen that neither of the curves is 
regular for the first two days. The activity of the hydroxide at 
first actually diminished, and had about the same value after two days 

$x 3. 
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as when first prepared. The activity of the ThX, on the other hand, 
at first increases, and does not begin to fall below its original value 
until after the lapse of two days (compare section VIII). These results 
cannot be ascribed to errors of measurement, for they have been 
regularly observed whenever similar preparations have been tested. 
The activity of the residue obtained from thorium oxide by the second 


Fie. 1. 


Mi, 


8 
Time in days. 


method of washing decayed very similarly to that of ThX, as shown 
by the above curve. 

If for present purposes the initial periods of the curve are dis- 
regarded and the latter portions only considered, it will be seen at 
once that the time taken for the hydroxide to recover one-half of its 
lost activity is about equal to the time taken by the ThX to lose half 
its activity, namely, in each case about 4 days, and speaking generally 
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the percentage proportion of the lost activity regained by the hydroxide 
over any given interval is approximately equal to the percentage pro- 
portion of the activity lost by the ThX during the same interval. If 
the recovery curve is produced backwards in the normal direction to 
cut the vertical axis, it will be seen to do so at a minimum of about 
25 per cent., and the above result holds even more accurately if the 
recovery is assumed to start from this constant minimum, as indeed 
it has been shown to do under suitable conditions (fig 4, p. 853). 
This is brought out by figure 2, which represents the recovery curve 


Fie, 2. 


Time in days. 


in which the percentage amounts of activity recovered, reckoned from 
this 25 per cent. minimum, are plotted as ordinates. In the same 
figure, the decay curve after the second day is shown on the same scale. 

The activity of ThX decreases very approximately in a geometrical 
progression with the time, that is, if Z, represent the initial activity, 
and J; the activity after time ¢ 


It .-™ 
Th = 6 ig ET ene ae (1) 


where J is a constant and ¢ the base of natural logarithms. 
The experimental curve obtained with the hydroxide for the rate of 
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rise of its activity from a minimum to a maximum value will there- 
fore be approximately expressed by the equation 


+ a bee ioises Wats 
0 
where J, represents the amount of activity recovered when the maxi- 
mum is reached, and J; the activity recovered after time ¢, A being the 
same constant as before. 

Now this last equation has been theoretically developed (Rutherford, 
Phil, Mag., 1900, [v], 49, 10, 181) to express the rise of activity toa 
constant maximum of a system consisting of radiating particles in 
which 

(i). The rate of supply of fresh radiating particles is constant, 

(ii). The activity of each particle dies down geometrically with the 
time according to equation (1). 

It therefore follows that if the initial irregularities of the curves 
are disregarded and the residual activity of thorium is assumed to 
possess a constant value, the experimental curve obtained for the 
recovery of activity will be explained if two processes are supposed to 
be taking place: 

1, That the active constituent ThX is being produced at a constant 
rate, 

2, That the activity of the ThX decays geometrically with time. 

Without at first going into the difficult questions connected with the 
initial irregularities and the residual activity, the main result that 
follows from the curves given can be put to experimental test very 
simply. The primary conception is that the major part of the radio- 
activity of thorium is not due to the thorium at all, but to the presence 
of a non-thorium substance in minute amount which is being continu- 
ously: produced. 


Ill. Chemical Properties of ThX. 


The fact that thorium, on precipitation from its solutions by ammonia, 
leaves the major part of its activity in the filtrate does not of itself 
prove that a material constituent responsible for this activity has been 
chemically separated. It is possible that the matter constituting the 
non-thorium part of the solution is rendered temporarily radioactive by 
its association with thorium, and this property is retained through the 
processes of precipitation, evaporation, and ignition, and manifests 
itself finally in the residue remaining. 

This view, however, can be shown to be quite untenable, for according” 
to it any precipitate capable of removing thorium completely from its 
solution should yield active residues similar to those obtained from 
ammonia. Quite the reverse, however, holds, 
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When thorium nitrate is precipitated by sodium or ammonium car- 
bonate, the residue from the filtrate, after evaporation and ignition, is 
free from activity, and the thorium carbonate obtained possesses the 
normal value for its activity. 

The same holds true when oxalic acid is used as the precipitant. 
This reagent, even in strongly acid solution, precipitates almost all 
the thorium. When the filtrate is rendered alkaline by ammonia, 
filtered, evaporated, and ignited, the residue obtained is inactive. 

In the case where sodium phosphate is used as the precipitant in 
ordinary acid solution, the part that comes down is more or less free 
from ThX, On making the solution alkaline with ammonia, the re- 
mainder of the thorium is precipitated as phosphate and carries with it 
the whole of the active constituent, so that the residue from the filtrate 
is again inactive. 

In fact, ammonia is the only reagent of those tried capable of separat- 
ing ThX from thorium. 

The result obtained by Sir William Crookes with uranium, which we 
have confirmed by the electrical method, may here be mentioned. 
UrX is completely precipitated by ammonia together with the uranium, 
and the residue obtained by the evaporation of the filtrate is quite 
inactive. 

There can thus be no question that both ThX and UrX are distinct 


types of matter with definite chemical properties. Any hypothesis 
that attempts to account for the recovery of activity of thorium and 
uranium with time must of necessity start from this primary con- 
ception, 


IV. The Continuous Production of ThX. 


If the recovery of the activity of thorium with time is due to the 
production of ThX, it should be possible to obtain experimental evidence 
of the process. The first point to be ascertained is how far the re- 
moval of ThX by the method given reduces the total radioactivity of 
thorium. A preliminary trial showed that precipitation in hot dilute 
solutions by dilute ammonia is the most favourable condition for the 
separation. Five grams of thorium nitrate, as obtained from the maker, 
were precipitated by ammonia, the precipitate being redissolved in nitric 
acid, and reprecipitated under the same conditions successively without 
lapse of time. The removal of ThX was followed by a measurement of 
the activity of the residues obtained from the successive filtrates. The 
activity of the ThX from the first filtrate was equivalent to that of 
4:23 grams of thoria, from the second to 0°33 gram, and from the third 
to 0-07 gram. It will be seen that by two precipitations the whole of 
the ThX is removed. The radioactivity of the separated hydroxide 
was 48 per cent. of that of the standard de-emanated sample of thoria, 
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Rate of Production of ThX.—A quantity of thorium nitrate solution 
which had been freed from ThX about a month before was again subjected 
to the same process. The activity of the residue from the filtrate, in an 
experiment in which 10 grams of this nitrate had been employed, was 
equivalent to that of 8:3 grams of thorium oxide. This experiment 
was performed on the same day as the one recorded above, in which 5 
grams of the new sample of nitrate had been employed, and it will be 
seen that there is no difference in the activity of the filtrates in the 
two cases. In one month, the activity of the ThX in a thorium com- 
pound again reaches its maximum value. 

If a period of 24 hours is allowed to elapse between the successive 
precipitations, the activity of the ThX formed during that time cor- 
responds to about one-sixth of the maximum activity of the total 
thorium employed. In three hours, the activity of the amount pro- 
duced is about one-thirtieth. The rate of production of ThX worked 
out from these figures well agrees with the form of the curve obtained 
for the recovery of activity of thorium if the latter is taken to 
express the continuous production of ThX at a constant rate and 
diminution of the activity of the product in geometrical progression 
with the time. 

By using the Dolezalek electrometer, on which the radioactivity of 
1 mg. of thoria produces a measurable effect, the course of produc- 
tion of ThX can be followed after extremely short intervals. Work- 
ing with 10 grams of thorium nitrate, the amount produced in the 
minimum time taken to carry out the successive precipitations is as 
much as can be conveniently measured. If any interval is allowed to 
elapse, the effect is beyond the range of the instrument, unless the 
sensitiveness is reduced to a fraction of its ordinary value by the 
introduction of capacities into the system. Capacities of 0°01 and 
0:02 microfarad, which reduce the sensitiveness to less than one- 
hundredth and one two-hundredth of the normal, were frequently em- 
ployed in dealing with these active residues. For ordinary work with 
0:25 to 0 gram of thorium compound, 0°001 microfarad was 
necessary. Most of the measurements in the course of the present 
paper were made with this instrument, and a range from that repre- 
sented by 1 milligram of thoria to any desired maximum could 
readily be obtained. Of course, the greatest care is necessary in 
working with so sensitive an instrument to prevent electrostatic 
disturbances of every kind. 

The process of the production of ThX is continuous, and no alteration 
was observed in the amount produced in a given time after repeated 
separations. In an experiment carried out for another purpose (section 
VIII), after twenty-three successive precipitations extending over 9 
days, the amount formed during the last interval was, so far as 
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could be judged, no less than that produced at the beginning of the 
process. 

The phenomenon of radioactivity, by the aid of the electrometer as 
its measuring instrument, thus enables us to detect and measure 
changes occurring in matter after a few minutes’ interval which have 
never yet been detected by the balance or suspected to take place. 


V. Influence of Conditions on the Changes occurring in Thorium. 


It has been shown that in thorium compounds the decay of 
radioactivity with time is balanced by a continuous production of 
fresh active material. The change which produces this material must 
be chemical in nature, for the products of the action are different in 
chemical properties from the thorium from which they are produced. 
The first step in the study of the nature of this change is to examine 
the effect of conditions upon its rate of production. 

Effect of Conditions on the Rate of Decay.—Since the activity of the 
products affords the means of measuring the amount of change, the 
influence of conditions on the rate of decay must first be found. It 
was observed that, like all other types of temporary radioactivity, the rate 
of decay is not altered by any known agency. It is not affected by 
ignition or chemical treatment, and the material responsible for it can 
be dissolved in acids and reobtained by the evaporation of the solution 
without affecting the activity. The following experiment shows that 
the activity decays at the same rate in solutions as in the solid state 
The remainder of the solution that had been used to determine the 
decay curve of ThX (Fig. 1) was allowed to stand, and at the end of 
12 days a second fourth part was evaporated to dryness and ignited, 
and its activity compared with that of the first, which had been left 
since evaporation in its original platinum dish. The activities of the 
two specimens so compared with each other were the same, showing that, 
in spite of the very different conditions, the two fractions had decayed 
at equal rates. After 19 days, a third fourth part was evaporated, and 
the activity, now very small, was indistinguishable from that of the 
fraction first evaporated. Resolution of the residue after the activity 
had decayed does not regenerate it. The activity of ThX thus decays 
at a rate independent of the chemical and physical condition of the 
molecule. 

The rate of recovery of activity under different conditions in 
thorium compounds therefore affords a direct measure of the rate of 
production of ThX under these conditions. The following experiments 
were performed. 

One part of thorium hydroxide, newly separated from ThX, was 
sealed up in a vacuum obtained by a good Tépler pump, and the other 
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part exposed to air. On comparing the samples 12 days later, no 
difference could be detected between them either in their radioactivity 
or emanating power. 

In the next experiment, a quantity of hydroxide freed from ThX 
was divided into two equal parts ; one was exposed for 20 hours to the 
heat of a Bunsen burner in a platinum crucible and then compared 
with the other. No difference in the activities was observed. In a 
second experiment, one-half was ignited for 20 minutes over the blow- 
pipe and then compared with the other with the same result. The 
difference of temperature and the conversion of thorium hydroxide 
into oxide thus exercised no influence on the activity. 

Some experiments that were designed to test in as drastic a manner 
as possible the effect of the chemical condition of the molecule on the 
rate of production of ThX brought to light small differences, but 
these are almost certainly to be accounted for in another way. It 
will be shown later (section VIII) that about 21 per cent. of the normal 
radioactivity of thorium oxide under ordinary conditions consists of 
a secondary activity excited on the mass of the material. This por- 
tion is, of course, a variable, and since it is divided among the total 
amount of matter present, the conditions of aggregation, &c., will 
affect the value of this part. This effect of excited radioactivity in 
thorium makes a certain answer to the question difficult, and on this 
account the conclusion that the rate of production of ThX is indepen- 
dent of the molecular conditions is not final. The following experi- 
ment, however, makes it extremely probable that this is the case. 

A quantity of thorium'nitrate, as obtained from the maker, was con- 
verted into oxide in a platinum crucible by treatment with sulphuric 
acid and ignition to a white heat. The de-emanated oxide so obtained 
was spread on a plate, and any change in radioactivity with time, 
which under these circumstances could certainly be detected, was 
looked for during the week following the preparation. None whatever 
was observed, whereas if the rate of production of ThX in thorium 
nitrate is different from that in the oxide, the equilibrium point, at which 
the decay and increase of activity balance each other, will be altered in 
consequence of the treatment. There should have therefore occurred a 
logarithmic rise or fall from the old to the new value. As, however, 
the radioactivity remained constant, it appears very probable that the 
changes involved are independent of the molecular condition. It will 
be seen that the assumption is here made that the proportion of ex- 
cited radioactivity in the two compounds is the same, and for this 
reason compounds were chosen which possess but low emanating power 
compare section VII, last paragraph). 

Uranium is a far simpler example of a radioactive element than 
thorium, as the phenomena of excited radioactivity and emanating 
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power are here absent. The separation of UrX and the recovery of 
the activity of the uranium with time appear, however, analogous to 
these processes in thorium, and the rates of recovery and decay of 
activity in uranium are at present under investigation. It is proposed 
to test the influence of conditions on the rate of change more 
thoroughly in the case of uranium, as here secondary changes do not 
interfere. 


VI. The Cause and Nature of Radioactivity. 


The foregoing conclusions enable a generalisation to be made in the 
subject of radioactivity. Energy considerations require that the 
intensity of radiation from any source should die down with time 
unless there is a constant supply of energy to replace that dissipated. 
This has been found to hold true in the case of all known types of 
radioactivity with the exception of the “naturally ” radioactive ele. 
ments, to take the best established cases, thorium, uranium, and 
radium. In their first paper on the present subject, the authors 
showed that the radioactivity of the emanation produced by thorium 
compounds decayed geometrically with the time under all conditions, 
and was not affected by the most drastic chemical and physical treat- 
ment. The same has been shown by one of us (Rutherford, Phil. 
Mag., 1900, [v], 49, 161) to hold for the excited radioactivity pro- 
duced by the thorium emanation. This decays at the same rate 
whether on the wire on which it is originally deposited, or in solution 
of hydrochloric or nitric acid. The excited radioactivity produced by 
the radium emanation appears analogous. All these examples satisfy 
energy considerations. In the case of the three naturally occurring 
radioactive elements, however, it is obvious that there must be a 
continuous replacement of the dissipated energy, and no satisfactory 
explanation has yet been put forward to account for this. 

The nature of the process becomes clear in the light of the foregoing 
results. The material constituent responsible for the radioactivity, 
when it is separated from the thorium which produces it, behaves in 
the same way as the other typically radioactive substances cited. Its 
activity decays geometrically with the time, and the rate of decay is 
independent of the molecular conditions. The normal radioactivity is, 
however, maintained at a constant value by a chemical change which 
produces fresh radioactive material at a rate also independent of 
the conditions. The energy required to maintain the radiations will 
be accounted for if we suppose that the energy of the system after the 
change has occurred is less than it was before. 

The work of Crookes and of Becquerel on the separation of UrX 
and the recovery of the activity of the uranium with time makes it 
appear extremely probable that the same explanation holds true for 
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this element. The work of M. and Mme. Curie, the discoverers of 
radium, goes to show that this substance easily suffers a temporary 
decrease of its activity by chemical treatment, the normal value being 
regained after the lapse of time, and this can be well interpreted on 
the new view. All known types of radioactivity can thus be brought 
into the same category. 


VII. The Place of Emanating Power in the Radioactivity of Thorium. 


Turning from radioactive solids to gases which manifest this 
property, many of the very puzzling results obtained in the investi- 
gation of the radioactive emanation produced by thorium compounds 
can now also be simply explained. This section is devoted to the 
purpose and to further work which has been carried out in order to 
determine more exactly the place of emanating power in the radio- 
activity of thorium. 

It was shown that the solutions from which thorium hydroxide had 
been precipitated by ammonia possessed abuut as much emanating 
power as the solutions from which they were prepared, whilst the 
precipitated hydroxide in all cases but one was more or less completely 
de-emanated, but spontaneously regained its normal value with lapse 
of time. In one solitary instance that could not be repeated (this vol., 
p. 344) the hydroxide had an abnormally high emanating power, decay- 
ing to nearly normal value in 14 days; this can now be explained. 
The thorium was first partly precipitated as thorium carbonate by 
means of sodium carbonate, and nitric acid added to redissolve a part. 
Under these circumstances, all the ThX remained in solution, and on 
adding ammonia the thorium only should be precipitated, which, as 
always occurred when the experiment was repeated, ought to be more 
or less free from emanating power. But if, as apparently happened in 
this case, care was not taken to boil off all the carbon dioxide produced 
before adding ammonia, the latter would reform a carbonate which 
completely precipitated both ThX and thorium. Hence the small 
hydroxide fraction contained all the ThX originally present, and 
possessed a high emanating power decaying to normal value with 
time. The fact that the carbonate fraction in this same experiment 
behaved abnormally and did noé recover its emanating power is more 
difficult to explain and the point will be reverted to later. 

In further explanation of the results then obtained it is only neces- 
sary to point out that since emanating power and not radioactivity 
was the first object of the investigation, any measurements of the latter, 
especially in the earlier part of the paper, were, as a rule, performed long 
after the specimens had been prepared, that is, after they had regained 
their normal values. In some cases, if these measurements had been 
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made immediately after preparation the results would have doubtless 
been different. 

The conclusion was arrived at that emanating power was the mani- 
festation of a dynamical change of the nature of a chemical reaction 
rather than a function of matter in the static state, even before it 
was known that the emanating material ThX was being continuously 
reproduced, The latter discovery, however, enables a fairly complete 
explanation of the phenomenon to be given. 

On resuming the work after the Christmas vacation, it was found 
on the one hand that some concentrated filtrates possessing high 
emanating power originally had completely lost it with lapse of time, and 
on the other, that the emanating power of almost all of the numerous 
samples of thorium hydroxide and carbonate prepared had regained 
about the same value, namely, between three and four times that of 
thorium oxide, The rate of decay of the emanating power of ThX and 
the recovery of this property by the thorium from which it had been 
separated were then investigated in parallel with the similar experi- 
ments on radioactivity already described. One-fourth of the concen- 
trated filtrate used for the latter purpose was taken, and the decrease 
of its emanating power with time measured. The increase of emanat- 
ing power of the thorium hydroxide from which it had been prepared 
was also measured. Thecurves (Fig. 3, p. 850) express the results, The 
decay curve is merely approximate, for it is not easy to determine ac- 
curately the emanating power of a liquid without special arrangements 
to ensure the constancy of the air current and the shaking of the 
solution. The experiments, although merely approximate, bear out 
the conclusion that emanating power decays and recovers according to 
the same law as the radioactivity of ThX, and that it is therefore one 
of the properties of the latter and not of thorium. If care be taken 
to remove the ThX, the thorium almost entirely loses its emanating 
power. The small fraction that remains, often only a few per cent. of 
the maximum, can be accounted for by the reproduction of ThX during 
the time taken to dry the precipitate. The decay curve given, so far 
as it can be relied on, shows that the emanating power of ThX at any 
instant is proportional to its radioactivity. 

It was shown in the first paper that the emanation consisted of a 
chemically inert gas continuously emitted from thorium compounds, 
The results therefore find their simplest expression on the view that 
just as a chemical change is proceeding in thorium whereby a non- 
thorium material is produced, so the latter undergoes a further trans- 
formation, giving rise to a gaseous product which in the radioactive 
state constitutes the emanation. 

It will be seen at once that this secondary change is of a different 
kind from the primary, for it is affected apparently by the conditions 
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in a very marked manner. It was shown that moisture, the state of 
aggregation, and temperature influenced the value of emanating power. 
From — 80° to a red heat, the latter regularly increases in the ratio of 
1 ; 40 in the case of thorium oxide, whilst the ratio between the values 
for thorium nitrate in the solid state and in solution is as1:200. The 
secondary reaction appears therefore at first sight much more nearly 
allied to ordinary chemical reaction than the primary. It must not be 
forgotten, however, that the laws controlling the manifestation of the 
two phenomena, radioactivity and emanating power, are of necessity 
very different. In the former, we deal with the intensity of radiations 
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emitted by a solid, in the latter with the rate of escape of a gas into 
the surrounding air from either a solid or a liquid. Since this gas 18 
detected by its radioactivity, and this decays extremely rapidly with 
time, a very slight delay in the rate of its escape will enormously affect 
the experimental value obtained for emanating power. It is possible 
that this cause is sufficient to account for the results obtained at differ- 
ent temperatures and with solids and liquids. De-emanation by 
ignition, on this view, would mean that at a certain temperature the 
crystalline form of thoria is permanently altered in such a way that 
the emanation is delayed in its escape, 
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On the other hand, it is now well established by experiment that 
sometimes thorium compounds de-emanated chemically by removal of 
ThX do not recover their normal emanating power with time, but 
remain constant at a lower value. The carbonate mentioned in the 
last paper and already referred to is an example of this, for it possessed 
hardly any emanating power until it was again dissolved and precipit- 
ated. On one occasion, two samples of hydroxide, prepared from 
different nitrates, were tested together for rise of emanating power. 
That of the one rose normally to its maximum (as in Fig. 3), which was 
twenty times the minimum. The other started from the same minimum, 
but rose toa maximum only one-fourth as great. When the experi- 
ment was repeated under the same conditions, using the same sample 
of nitrate, the compound behaved normally. It thus appears that the 
emanation can be almost entirely prevented from escaping in the radio- 
active state in some cases, and partially prevented in others where no 
visible peculiarity of physical condition exists and where other pre- 
parations similarly prepared behave normally. 

The question is further complicated by the property possessed by the 
emanation of exciting radioactivity on a// surfaces with which it comes 
into contact. This process must be going on in the matter of the 
thorium compound itself, and it will be shown (section VIII) that this 
effect contributes an important quota to the total radioactivity of the 
compound, It seemed reasonable to suppose that the effect will be the 
greater the less the extent to which emanation succeeds in escaping in 
the radioactive state, and therefore that de-emanated compounds should 
possess a greater proportion of excited radioactivity than those with high 
emanating power. This conclusion was tested by converting a specimen 
of thorium carbonate with an emanating power five times that of ordinary 
thoria into oxide and de-emanating it by intense ignition. The energy 
that before escaped in the form of emanation is now, all but a few per 
cent., prevented from escaping. The radioactivity of the oxides soprepared 
rose in the first three days to about 30 per cent, of its original amount, 
and there thus seem to be grounds for the view that the excited 
radioactivity will contribute a much greater effect in a non-emanating 
thorium compound than in one having great emanating power, Ad- 
ditional confirmation of this view is to be found in the nature of the 
radiations emitted by the two classes of compounds (section X), 

It will be seen that the phenomenon is too complicated to allow of 
an answer at the present stage to the question whether the secondary 
change which produces the emanation is, like the primary, independent 
of the conditions or not, 
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VILL. The Initial Portions of the Curves of Decay and Recovery. 


The curves of the recovery and decay of the activities of thorium 
and ThX with time suggested the explanation that the radioactivity of 
thorium was being maintained by the production of ThX at a constant 
rate. Before this can be considered rigidly established, two outstanding 
points remain to be cleared up. (1) What is the meaning of the early 
portion of the curves? The recovery curve drops before it rises, and 
the decay curve rises before it drops. (2) Why does not the removal 
of ThX render thorium completely inactive? A large proportion of 
the original radioactivity remains after the removal of ThX. 

A study of the curves (Fig. 1) shows that in each case a double 
action is probably at work. It must be supposed that the normal 
decay and recovery are taking place, but are being masked by a 
simultaneous rise and decay from causes unknown, From what is 
known of the radioactivity of thorium, it was surmised that an action 
might be taking place similar to that effected by the emanation of 
exciting radioactivity on surrounding inactive matter. On this view, 
the residual activity of thorium might consist in whole or part of a 
secondary or excited radioactivity produced on the whole mass of the 
thorium compound by its association with the ThX. The drop in the 
recovery curve on this view would be due to the decay of this excited 
radioactivity proceeding simultaneously with, and at first reversing the 
effect of, the regeneration of ThX. The rise of the decay curve would 
be the increase due to the ThX exciting activity on the matter with 
which it is associated, the increase from this cause being greater than 
the decrease due to the decay of the activity of the ThX. It is easy 
to put this hypothesis to experimental test. If the ThX is removed 
from the thorium as soon as it is formed over a sufficient period, the 
former will be prevented from exciting activity on the latter, and that 
already excited will decay spontaneously. The experiment was 
therefore performed. A quantity of nitrate was precipitated as hydr- 
oxide in the usual way to remove ThX, the precipitate redissolved in 
nitric acid, and again precipitated after a certain interval, From time 
to time a portion of the hydroxide was removed and its radioactivity 
tested. In this way, the thorium was precipitated in all 23 times in a 
period of 9 days, and the radioactivity reduced to a constant minimum. 


The following table shows the results : 
Activity of hydroxide. 


After precipitations : 
At three intervals of 24 hours seccecsteceee OF per cont. 
At three more intervals each of 24 hours, and 
three more each of 8 hours ............0000: PY om 
At three more each of 8 hours ...........4.5 sons 
At six more each of 4 hours ... 
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The constant minimum thus attained—about 25 per cent. of the 
original activity—is thus about 21 per cent. below that obtained by two 
successive precipitations without an interval, which has been shown 
to remove all the ThX separable by the process. The rate of recovery 
of this hydroxide precipitated 23 times was then measured (Fig. 4)- 
It will be seen that it is now quite normal and the initial drop char” 
acteristic of the ordinary curve is absent. It is, in fact, almost 
identical with the ordinary curve (Fig. 1) produced back to cut the 
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vertical axis, and there is thus no doubt that there is a residual 
activity of thorium unconnected apparently with ThX, and constitut- 
ing about one-fourth of the whole. 

The decay curves of several of the fractions of ThX separated in 
this experiment after varying intervals of time were taken for the 
first few days. All of them showed the initial rise of about 15 per 
cent. at the end of 18 hours, and then a normal decay to zero. The 
position is thus proved that the initial irregularities are caused by 
the secondary radiation excited by ThX upon the surrounding matter. 

VOL, LXXXI. 3 L 
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By suitably choosing the conditions, the recovery curve can be made to 
rise normally from a constant minimum, and the decay curve be shown 
to consist of two curves, the first the rate of production of excited 
radioactivity, and the second the rate of decay of the activity as a 
whole. It is a significant fact that exactly similar curves have 
already been obtained by one of us (Phys. Zeit., 1902, 3, 254) for the 
excited radioactivity produced by the thorium emanation under very 
similar conditions. If a negatively charged wire be exposed for a 
few minutes only to the thorium emanation, the excited radioactivity 
produced at first increases to several times its value for the first few 
hours after the exciting cause is removed, and then commences to 
decay, exactly as in the case of ThX. 

So far nothing has been stated as to whether the excited radio. 
activity which contributes about 21 per cent. of the total activity of 
thorium is the same or different from the known type produced by the 
thorium emanation. All that has been assumed is that it should 
follow the same general law, that is, the effect should increase with the 
time of action of the exciting cause, and decrease with time after the 
cause is removed. If the rate of increase of the excited activity be 
worked out from the curves given (Fig. 5) it will be found to agree with 
that of the ordinary excited activity, that is, it rises to half the value 
in about 12 hours. Curve I is the observed decay curve for ThX, 
curve II is the theoretical curve, assuming that it decreases geometric- 
ally with the time and falls to half value in four days. Curve III is 
obtained by plotting the difference between these two, and therefore 
constitutes the curve of excited activity. Curve IV is the experimental 
curve obtained for the rise of the excited radioactivity from the 
thorium emanation when the exciting cause is constant. But the 
exciting cause (ThX) in the present case is not constant, but is itself 
falling to half value in 4 days, and hence the difference curve, at first 
almost on the other, drops away from it as time goes on, and finally 
decays to zero. Curve IIT, Fig. 1, represents a similar difference curve 
for the decay of excited activity, plotted from the recovery curve of 
thorium. There is thus no reason to doubt that the effect is the same 
as that produced by the thorium emanation, which is itself a secondary 
effect of ThX. 


IX. The Non-separable Radioactivity of Thorium. 


It has not yet been found possible by any means to free thorium 
from its residual activity, and the place of this part in the scheme of 
radioactivity of thorium remains to be considered. Disregarding the 
view that it is a separate phenomenon and not connected with the 
major part of the activity, two hypotheses can be brought forward 
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capable of experimental test, and in accordance with the views advanced 
on the nature of radioactivity, to account for the existence of this 
part. First, if there was a second type of excited activity produced 
by ThX, similar to that known, but with a very slow rate of decay, 
it would account for the existence of the non-separable activity. If 
this is true, it will not be found possible to free thorium from 
this activity by chemical means, but the continuous removal of ThX 
over a very long period would, as in the above case, cause its spontaneous 
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Secondly, if the change which gives rise to ThX produces a 
second type of matter at the same time, that is, if it is of the 
type of a decomposition rather than a depolymerisation, the second 
type would also in all probability be radioactive, and would cause the 
residual activity. On this view, the second type of matter should also 
be amenable to separation by chemical means, although it is certain 
from the failure of the methods already tried that it resembles thorium 
much more closely than ThX. But until it is separated from the 
thorium producing it, its activity will not decay spontaneously. Thus 
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what has already been shown to hold for ThX will be true for the 
second constituent if methods are found to remove it from the 
thorium. 

It is shown in the following communication by one of us (p. 860) 
that uranium also possesses a non-separable radioactivity extremely 
analogous to that possessed by thorium, and whatever view is taken 
of the one will in all probability hold also for the other. This con- 
sideration makes the second hypothesis that the residual activity is 
caused by a second non-thorium type of matter produced in the original 
change the more probable of the two. 


X. The Nature of the Radiations from Thorium and ThX. 


It has recently been found (Rutherford and Grier, Phys. Zeit., 1902, 
3, 385) that thorium compounds, in addition to a type of easily 
absorbed Roéntgen rays, non-deviable in the magnetic field, emit also 
rays of a very penetrating character deviable in the magnetic field. 
The latter are therefore similar to cathode rays, which are known to 
consist of material particles travelling with a velocity approaching 
that of light. But thorium, in comparison with uranium and radium, 
emits a much smaller proportion of deviable radiation. 

From the view of radioactivity put forward, it necessarily follows 
that the total radioactivity of thorium is altered neither in character 
nor amount by chemical treatment. This conclusion can be tested by 
comparing the radiations of thorium and ThX with the mixture which 
constitutes the thorium radiation. It must, however, be pointed out 
that it is difficult to make any absolute measurement of radioactivity 
on account of the different extents in different cases to which the 
radiations are absorbed in the material of the substance emitting 
them. The total radioactivity of the original thorium is derived from 
a small quantity of the substance in the form of powder, whilst 
the radiations from ThX are produced by a very thin film of the 
material on the platinum dish. The radiation from thorium is 
absorbed to the extent of one-half by aluminium foil 0°0004 cm. thick, 
and as thorium oxide is far denser than aluminium, it is probable that 
the radiation in this case is confined to a surface layer only 0:0001 
em. deep. In the ThX, on the other hand, there is probably but little 
absorbed in the substance itself. The difficulty can be overcome to 
some extent by taking for the comparison the radioactivity of a thin 
film of a soluble thorium salt produced by evaporating a solution to 
dryness over a large metal plate. Compared in this way, the 
radioactivity of ThX when first separated is almost exactly equal to 
the activity of the nitrate from which it is produced, whilst the hydr- 
oxide retains about two-fifths of this amount. The difference is in the 
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expected direction, for it is certain that more absorption takes place 
in the nitrate than in the products into which it is separated. The 
requirements of the hypothesis can thus be said to be satisfied, but the 
example illustrates the difficulty of making absolute measurements of 
radioactivity. These throughout have almost completely been avoided. 
It is possible to trace with great accuracy the change of radioactivity 
of any preparation by leaving it undisturbed on its original plate and 
comparing it always with the same comparison sample ; but to express 
the radioactivity of one body like ThX in terms of that of another like 
thoria, except for the purposes of comparison, is misleading, as the 
above consideration shows. 

Similar difficulties stand in the way of an answer to the second 
question, whether the nature of the radiations is affected by chemical 
treatment, for it has been observed experimentally that the penetrative 
power of these radiations decreases with the thickness [of material 
traversed. The character of the radiations from ThX and thorium 
have, however, been compared by the method of penetrative power. 
A large number of comparisons justifies the view that the character 
of thorium radioactivity is unaltered by chemical treatment and the 
separation of ThX, although the different types are unequally dis- 
tributed among the separated products. 

The determination of the proportion between the deviable and non- 
deviable rays affords a new means of approaching the question. The 
general result is that the radiations from ThX and the excited radia- 
tion it produces both comprise deviable and non-deviable radiation. 
But in the experiment in which the excited radiation was allowed to 
decay spontaneously by removing the ThX as formed, the final pro- 
duct, after 23 precipitations, was found to be quite free from deviable 
radiation. This, as will be shown in the following paper, is one of the 
most striking resemblances between the non-separable radioactivities 
of uranium and thorium. 

Finally, it may be mentioned that the proportion of deviable and 
non-deviable radiation is different for different compounds of thorium. 
The nitrate and ignited oxide, compounds which hardly possess any 
emanating power, have a higher proportion of deviable radiation than 
compounds with great emanating power. This is indirect evidence of 
the correctness of the view already put forward (section VII), that when 
the emanation is prevented from escaping it augments the proportion 
of excited radioactivity of the compound. 


XI. Summary of Results. 


The foregoing experimental results may be briefly summarised. 
The major part of the radioactivity of thorium—ordinarily about 
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54 per cent.—is due to a non-thorium type of matter, ThX, possessing 
distinct chemical properties, which is temporarily radioactive, its 
activity falling to half the value in about four days. The constant 
radioactivity of thorium is maintained by the production of this 
material at a constant rate. Both the rate of production of the new 
material and the rate of decay of its activity appear to be independent 
of the physical and chemical condition of the system. The ThX is 
undergoing a further change, and one of the products is gaseous and 
in the radioactive state constitutes the emanation produced by thorium 
compounds. The ThX further possesses the property of exciting 
radioactivity on surrounding inactive matter, and about 21 per cent, 
of the total activity under ordinary circumstances is derived from this 
source. Its rate of decay and other considerations make it probable 
that it is the same as the excited radioactivity produced by the 
thorium emanation, which has been shown to be produced by ThX. 
There is evidence that if by any means the emanation is prevented 
from escaping in the radioactive state, the energy of its radiation goes 
to augment the proportion of excited radioactivity in the compound. 

Thorium can be freed by suitable means from both ThX and the 
excited radioactivity which the latter produces, and then possesses an 
activity about 25 per cent. of its original value, below which it has 
not been reduced. This residual radiation consists entirely of rays 
non-deviable by the magnetic field, whereas the other two components 
comprise both deviable and non-deviable radiation. Most probably 
this residual activity is caused by a second non-thorium type of matter 
produced in the same change as the ThX, and it should therefore 
prove possible to separate it by chemical methods. 


XII. General Theoretical Considerations. 


Turning from the experimental results to their theoretical interpre- 
tation, it is necessary first to consider the generally accepted view of 
the nature of radioactivity. It is well established that this property 
is the function of the atom and not of the molecule, Uranium and 
thorium, to take the most definite cases, possess the property in what- 
ever molecular condition they occur, and the former also in the ele- 
mentary state, So far as the radioactivity of different compounds of 
different density and states of division can be compared together, the 
intensity of the radiation appears to depend only on the quantity of 
active element present. It is not dependent on the source from which 
the element is derived or the process of purification to which it has 
been subjected, provided sufficient time is allowed for the equilibrium 
point to be reached. It is not possible to explain the phenomena by 
the existence of impurities associated with the radioactive elements, 
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even if any advantage could be derived from the assumption, for 
these impurities must necessarily be present always to the same extent 
in different specimens derived from the most widely different sources, 
and moreover they must persist in unaltered amount after the most 
refined processes of purification. This is contrary to the accepted 
meaning of the term impurity. 

All the most prominent workers in this subject are agreed in con- 
sidering radioactivity an atomic phenomenon. M. and Mme. Curie, the 
pioneers in the chemistry of the subject, have stated (Compt. rend., 1902, 
134, 85) that this idea underlies their whole work from the beginning 
and created their methods of research, M. Becquerel, the original 
discoverer of the property for uranium, in his announcement of the 
recovery of the activity of the same element after the active con- 
stituent had been removed by chemical treatment, points out the 
significance of the fact that uranium is giving out cathode rays. These, 
according to the hypothesis of Sir William Crookes and Professor 
J. J. Thomson, are material particles of mass one-thousandth that of 
the hydrogen atom. 

The present researches had as their starting point the facts that 
had come to light with regard to the emanation produced by thorium 
compounds and the property it possesses of exciting radioactivity on ~ 
surrounding objects. In each case, the radioactivity appeared as the 
manifestation of a special kind of matier in minute amount. The 
emanation behaved in all respects like a gas, and the excited radio- 
activity it produces as an invisible deposit of intensely active 
material independent of the nature of the substance on which it was 
deposited, and capable of being removed by rubbing or the action 
of acids, 

The position is thus reached that radioactivity is at once an 
atomic phenomenon and the accompaniment of a chemical change in 
which new kinds of matter are produced. The two considerations _ 
force us to the conclusion that radioactivity is a manifestation of sub- 
atomic chemical change. 

There is not the least evidence for assuming that uranium and 
thorium are not as homogeneous as any other chemical element, in the 
ordinary sense of the word, so far as the action of known forces is 
concerned. The idea of the chemical atom in certain cases spontane- 
ously breaking up with evolution of energy is not of itself contrary 
to anything that is known of the properties of atoms, for the causes 
that bring about the disruption are not among those that are yet under 
our control, whereas the universally accepted idea of the stability of 
the chemical atom is based solely on the knowledge we possess of the 
forces at our disposal. 

The changes brought to knowledge by radioactivity, although 
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undeniably material and chemical in nature, are of a different order 
of magnitude from any that have before been dealt with in chemistry. 
The course of the production of new matter which can be recognised 
by the electrometer, by means of the property of radioactivity, after 
the course of a few hours or even minutes, might possibly require 
geological epochs to attain to quantities recognised by the balance. 
it is true that the well-defined chemical properties of both ThX and 
UrX are not in accordance with the view that the actual amounts 
involved are of this extreme order of minuteness, yet, on the other 
hand, the existence of radioactive elements at all in the earth’s crust 
is an @ priori argument against the magnitude of the change being 
anything but small. 

It is a significant fact that the radioactive elements are all at the 
end of the periodic table. If we suppose that radium is the missing 
second higher homologue of barium, then the known examples— 
uranium, thorium, radium, polonium (bismuth), and lead are the five 
elements of heaviest atomic weight. Nothing can yet be stated of 
the mechanism of the changes involved, but whatever view is ultimately 
adopted it. seems not unreasonable to hope that radioactivity affords 
the means of obtaining information of processes occurring within the 
chemical atom. 
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LXXXV.—The Radioactivity of Uranium. 


By Freperick Soppy. 


Durine the course of the investigation contained in the preceding 
paper on the radioactivity of thorium, it became advisable to 
investigate in parallel a radioactive element that does not give out an 
emanation or excite radioactivity on surrounding bodies. It has 
been shown that these secondary actions always form a possible factor 
in the results obtained with thorium. For this purpose, the radio- 
activity of uranium was chosen, but at the outset great differences 
arose between the results obtained and those published by prior 
investigators. These differences led to a comparative study being 
made in certain cases of the photographic and electrometer methods 
of measuring uranium radioactivity, which result in an explanation of 
the anomalous results that had been obtained. 

Sir William Crookes (Proc. Roy. Soc., 1900, 66, 409) made the 
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remarkable discovery that in one chemical operation uranium could be 
obtained inactive to the photographic plate, whilst the whole of the 
activity was concentrated in a small non-uranium residue. This residue, 
to which he gave the name UrX, was at least a hundred times more 
active than the uranium from which it had been separated. 

On repeating this separation, which consists in precipitating solutions 
of uranium with ammonium carbonate and redissolving the precipitate 
in excess of the reagent, it was found that the small residue of UrX 
was almost inactive, whilst the uranium contained in the ammonium 
carbonate filtrate, possessed about the normal amount of activity. The 
electrical methods of Professor Rutherford were employed for measur- 
ing radioactivity. The same negative result was obtained by the 
other method of separation employed by Crookes. If crystallised 
uranium nitrate is dissolved in ether, the uranium divides itself in 
two unequal fractions between the ether and water present. That 
dissolved in the ether layer, which is the major fraction, was found by 
Crookes to be inactive to the photographic plate, whilst the small 
part dissolved in the aqueous layer possessed all the activity contained 
in the original uranium nitrate. As in the former case, however, on 
repeating the operations, both fractions appeared almost equally 
active to the electrometer, and no separation had apparently been 
effected. 

The same preparations were then examined for their action on the 
photographic film, and gave results exactly the converse of those 
observed with the electrometer and in accord with the published 
results of Sir William Crookes. 

Rutherford (Phil. Mag., 1899, [v], 47, 109) showed that uranium 
radiation consists of two different types which he named a and £. 
The a-radiation is absorbed very readily even by gases, being reduced 
to half its value by passage through 4°3 mm. of air. The #-radiation, 
on the other hand, is very penetrating in character, and is but little 
absorbed by gases. It is able to pass through 0°5 mm. of aluminium 
before it is reduced to half its value. The latter part constitutes only 

‘a few per cent. of the total radiation of the uranium. In addition, by 
the electrometer method of measurement, under ordinary circumstances, 
a fraction only of the intensity of f-radiation is recorded, for this 
method depends on the ionisation of the air, and this is pro- 
portional to the absorption of the rays by the air. It follows there- 
fore that under ordinary circumstances, in which the rays traverse a 
few cm. only of air, the electrometer method measures practically the 
a-radiation of uranium alone. The photographic method employed by 
Crookes, in which the rays are made to pass through glass or card 
before reaching the sensitive film, will, on the other hand, measure only 
the B-radiation. Hence the results obtained would be explained if 
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the methods employed separated the B-radiation only, and left the 
a-radiation intact. 

Becquerel has shown (Compt. rend., 1900, 130, 1584) that the rays 
from uranium are deflected in the magnetic field, and therefore con- 
sist of cathode rays. Rutherford and Grier, Phys. Zeit., 1902, 3, 385), 
in a general investigation of the rays from various radioactive sub- 
stances to determine what proportion in each case was deviable in the 
magnetic field, and therefore cathodic in nature, had already shown 
that the B-radiation of uranium is entirely cathodic, and the a-radiation 
not at all. They undertook the examination of the specimens that 
had been prepared in the course of the present work, the details of 
which appear in their paper, with the special apparatus employed. It 
suffices to state here that in the arrangement they adopted the rays 
are made to pass through a sufficient thickness of air to absorb a con- 
siderable part, and the sensitive Dolezalek electrometer was employed. 
Under these circumstances, UrX was found to be giving out ionising 
rays abundantly. ‘This radiation was shown to be the B-radiation of 
uranium only, practically free from a, for it passed through aluminium 
foil without great loss, and is deviable to the same extent as the 8 by 
the magnetic field. The rays from the photographically inactive 
uranium were found, on the other hand, to consist entirely of a-radiation 
and gave no rays deviable in the magnetic field or capable of passing 
through thin aluminium foil. I must here express my great obliga- 
tion to Professor Rutherford and Mr. Grier for permission to use 
these results. 

It thus appears that the methods of chemical separation employed 
by Crookes effect a separation only of the constituent responsible 
for the fA-radiation. The uranium after the process still retains 
the whole of the non-deviable radiation, which in the electrometer 
method contributes the greater part of the effect. In this respect, 
uranium is analogous to thorium, as shown in the preceding 
paper (p. 854). The excited radioactivity produced by ThX as 
a secondary effect, which itself comprises both deviable and non- 
deviable radiation, makes it impossible at present, however, to say 
whether the primary radiation of ThX is, like that of UrX, wholly 
cathodic or not. The non-separable parts in both cases consist 
entirely of rays non-deviable in the magnetic field. 

The next point to be decided was whether the a-radiation of uranium 
could affect the photographic plate. A sample of the preparation, free 
from f-radiation, was exposed about 5 mm. away from a sensitive film 
for 72 hours without an intervening screen. Only a very slight 
darkening occurred, so that the action, if any, of the a-radiation may be 
considered negligible in comparison to the effect of the #-radiation. 
It is not possible to try longer exposures than 3 days by this method, 
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owing to the regeneration of the f-radiation, which will be referred to 
later. However, Becquerel (Compt. rend., 1902, 134, 208) exposed 
plates for 20 and 49 days near uncovered uranium salts in a magnetic 
field where the f-radiation would be deflected and eliminated, and 
failed even after these long periods to obtain an impressien on the 
sensitive film. He concluded that the whole of the uranium radiation 
is cathodic, and can be deflected by the magnetic field. The fore- 
going considerations make it clear that the a- or non-deviable radiation 
of uranium, which contributes the major part of the ionisation effect, 
is without appreciable action on the photographic plate. 

In the light of these results, and those obtained for thorium in the 
preceding paper, the method employed by Becquerel (Compt. rend., 1900, 
131, 157) to separate the active constituent of uranium is of interest. 
Becquerel precipitated barium as sulphate in solutions of uranium, and 
found that after successive precipitations the activity of the latter was 
much enfeebled, both towards the electrometer and the sensitive film. 
As, however, he enclosed the salt in paper for the electrometer 
measurements, and this absorbs the a-radiation almost, or quite, com- 
pletely, the result must not be taken to mean that both the a- and the 
B-radioactive materials were separated by the process. On repeating 
the separation, it was found that, as in the case of the methods of 
Crookes, the B-radioactive constituent only was removed. After four 
successive precipitations in one day, the f-radiation was found to be 
reduced to 8 per cent. of its original value, and eight more precipita- 
tions on the day following completely removed it. But the activity of 
the resulting uranium preparation to the electrometer under ordinary 
circumstances was hardly appreciably decreased. The a-radiation had 
therefore not been affected. 

Becquerel has already shown (Compt. rend., 1901, 133, 977) that the 
uranium after this treatment recovered its normal activity on standing. 
With the sensitive electrometer, the presence of cathode-rays in a pro- 
duct originally quite freed from them can be detected after three days. 
It thus appears probable that what has been shown to hold true for 
ThX applies equally to UrX, and the subject is under investiga- 
tion conjointly ‘with Professor Rutherford. The question already 
discussed for thorium therefore arises in connection with the non- 
separable activity of uranium : 

1. Is this residual activity to be regarded as a secondary radiation 
produced by the presence of UrX? Or, 

2. Is it caused by a distinct material substance capable of chemical 
separation ? 

On the first view, if UrX—the cause of the phenomenon—is removed, 
the residual activity will decay with time. The following experiment 
was therefore performed. The solution of uranium nitrate, which had 
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been successively precipitated with barium sulphate twelve times, and 
had been shown to be free from f-radiation, was allowed to stand. 
Every three or four days it was once more precipitated in the same 
manner, and the UrX produced during that period removed from the 
uranium. After twenty-one days, the uranium in the solution was 
precipitated with ammonia and converted into the green oxide. For 
comparison, a sample of the same uranium nitrate, as obtained from 
the maker, was subjected to two precipitations with barium sulphate 
to remove some of the f-radioactive constituent, the uranium then 
being precipitated and converted into oxide as in the former case. The 
radiations from the two samples were then directly compared. In the 
one, the a-radiation had been given three weeks to decay, and by com- 
parison with the other a direct measure of the diminution suffered 
during this period could be obtained. Not the least difference, how- 
ever, could be detected in the intensities of the radiations in the two 
cases. The actual values obtained were within 1 per cent. of each 
other. If it is assumed that in this experiment a difference of 5 per 
cent, could be withcertainty detected, the conclusionis reached that if the 
_a-radiation of uranium is a secondary phenomenon produced by the £, 
it takes at least a year to decay to half value. As this is not in 
accordance with what is known of the nature of excited radioactivity, 
the view cannot be regarded as probable. 

On the second view, the a-radiation is produced by a second distinct 
type of matter. Asin the case of thorium, however, all attempts made 
to separate such a constituent of uranium by chemical methods have so 
far failed, although the methods have not yet been exhausted. It is 
however, interesting to note that polonium, discovered by Curie, fulfils 
in almost all respects the functions of this hypothetical constituent. 
It gives only non-deviable radiation, and Professor Rutherford, to 
whom the suggestion is due, found that the penetrative power of the 
rays from polonium is very similar to that of the uranium radiation, 
Moreover, M. and Mme. Curie (Compt. rend., 1902, 1384, 85) have 
stated that its activity slowly decays with" time, which is to be 
expected after, but not before, it has been separated from the uranium 
producing it. However, experimental work has not yet justified this 
suggestion. 

The actinium of Debierne, according to a recent paper by Crookes 
(Chem. News, 1902, 85, 109), has been found to be identical with UrX 
although no reference is given. 

In the paper just quoted, Crookes brings forward some results 
obtained by the photographic method which led him to the conclusion 
that UrX gives a radioactive emanation similar to that given by 
thorium and radium. No evidence of such a radioactive emanation 
has been obtained in the course of the present work, even with th 
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most sensitive electrometer, and it appears probable that the cause of 
the darkening of the photographic plate by this substance in the cases 
where the film is shielded from direct radiation is not a radioactive 
substance in the accepted sense of the word, but an agent similar to 
hydrogen peroxide in its photographic actions. 
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LXXXVI.—Studies in the Cumphane Series, Part IX. 
Comparison of Bromonitrocamphane with Bromo- 
nitrocamphor. 


By Martin Onstow Forster. 


A.tTHouGH the recorded observations which relate to camphor and its 
derivatives are now exceedingly numerous, the vast majority have 
reference to changes occurring in that ring which contains the carbonyl 
group. Reliable methods for replacing hydrogen atoms in the second 
ring, and for recognising the position of substituents when introduced, 
remain to be discovered, and the interest attaching to derivatives of 
the class indicated will be very considerable. 

The series of operations by which f-bromocamphor has been 
obtained from camphoroxime (Forster, Trans., 1901, '79, 644, and this 
vol., 264) and the evidence furnished in favour of the expression 

CH,—CH—OH, 

CMe, 

CHBr-CMe—CO 
for the first named substance, suggested a possible means of replacing 
hydrogen in the remaining methylene group of the second ring. The 
change in question depends on the removal of hydrogen bromide from 
bromonitrocamphane, ©,,H,,Br-NO,, the resulting nitro-derivative, 
C,»H,,"NO,, being then converted into a hydroxylic isomeride of 
camphor, ©,,H,,-OH ; addition of bromine to this compound, followed 
by elimination of hydrogen bromide, gave rise to 8-bromocamphor, It 
was hoped, therefore, that by corresponding steps from aa-bromonitro- 
camphor, the hydroxy-derivative of a dehydrogenised camphor, 
C,)H,,0°OH, might be obtained, from which a bromocamphorquinone, 


O,H,,Br<i» would result on addition of bromine, followed by 


removal of hydrogen bromide. 
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On heating bromonitrocamphor with alcoholic silver nitrate, however, 
an unexpected change ensued. Instead of yielding an unsaturated 
nitro-compound, the bromonitro-derivative was converted into camphor- 
quinone, silver bromide being ‘precipitated; the yield of quinone 
amounted to little more than 25 per cent. of the theoretical, but the 
oily bye-product was not reducible to the expected amine, This is the 
first occasion on which direct conversion of bromonitrocamphor into the 
quinone has been observed, but Lapworth (Trans., 1896, 69, 322) has 
obtained 5 per cent. of camphorquinone by heating small quantities of 
aa-chloronitrocamphor during several hours at 200°. The yield by this 
process would appear to be less satisfactory than by the one described in 
the present communication, and, although it cannot be claimed that the 
new method has the advantage of that described by Claisen and Manasse 
in point of convenience, the fact that dsonitrosocamphor is ten times 
more expensive than a-bromocamphor renders the cost of producing a 
given weight of camphorquinone from each source approximately the 
same. 

In view of this difference between aa-bromonitrocamphor and | : 1- 
bromonitrocamphane, it appeared of interest to compare the behaviour 
of these substances towards phenylhydrazine, with the result that the 
latter, acting on bromonitrocamphor, has been found a most convenient 
agent for the preparation of nitrocamphor. When the base acts 
under regulated conditions, 84 per cent. of the theoretical quantity of 
nitrocamphor is obtained in such a condition that a single crystallisa- 
tion from petroleum yields a colourless product melting at 103° and 
giving [ a], — 123°8° in a 10 per cent. solution in benzene. This method 
of preparing nitrocamphor appears to be a distinct improvement, both 
in quantity and quality of the material, on the process described by 
Lowry (Trans., 1898, '73, 995). 

During the preparation of nitrocamphor by the action of phenyl- 
hydrazine on bromonitrocamphor, there is produced, in addition to 
camphor phenylhydrazone, a small quantity of a crystalline substance 
having the empirical formula C,,H,ON,. From the circumstances 
attending the formation of this compound, the possibility of its being 
the phenylhydrazone of camphorquinone suggested itself, and direct 
comparison with that substance, which has been described by Claisen and 
Manasse (Annalen., 1893, 274, 87), shows that chemically the substances 
are unquestionably identical. There is, however, a difference between 
them which reveals itself in the crystalline form, but whether this 
distinction is due merely to physical structure or depends on stereo- 
isomerism is a question which can be decided only when more of the 
substance becomes available. Unfortunately, it is produced in quanti- 
ties amounting to less than 4 per cent. of the material employed. 

The action of phenylhydrazine on 1:1-hromonitrocamphane is 
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analogous to the change which the camphor derivative undergoes. 
Reduction takes place, and 1-nitrocamphane is produced, but the yield 
is not satisfactory, although the compound is obtained in a purer form 
than has been possible hitherto. Nitrocamphane prepared by this 
method melts at 157° instead of 147—148° (Trans., 1900, '77, 257), 
and has [a], +27:0° in benzene, and [a], +7°4° in absolute alcohol 
instead of 20°4° and 4°6° respectively, 


EXPERIMENTAL. 
Action of Alcoholic Silver Nitrate on aa-Bromonitrocamphor. 


When an alcoholic solution of aa-bromonitrocamphor is heated in 
a reflux apparatus with finely powdered silver nitrate, the liquid 
remains clear during a considerable period, and the formation of 
silver bromide, even when started, proceeds very slowly ; the camphor 
derivative is therefore much less sensitive to this agent than bromo- 
nitrocamphane. As action proceeds, the liquid becomes yellow, owing 
to formation of camphorquinone, but the quantity of this substance 
varies considerably according to the amount of silver nitrate employed 
and the rate at which it is added. After numerous experiments, the 
following conditions were found to yield the maximum proportion of 
the quinone. 

Fifty grams of bromonitrocamphor were heated in a reflux apparatus 
with 400 c.c, of absolute alcohol during 30 hours, finely powdered 
silver nitrate being added in quantities of 2—3 grams at intervals of 
1—2 hours. From time to time the liquid was filtered, the precipitate 
amounting to 34 grams, this being almost exactly the calculated 
quantity. Forty grams of silver nitrate were added in this way, and 
when the’ formation of silver bromide ceased, the filtered liquid was 
evaporated to a small bulk and allowed to cool; 5 grams of silver 
nitrate then separated and were filtered off, the oily mother liquor, which 
was intensely yellow, being then distilled in a current of steam. The 
distillate consisted of camphorquinone associated with a colourless oil, 
which was separated from the former with the aid of a filter-pump. 
After being drained on porous earthenware, the quinone weighed 7 
grams, and a further quantity of 1 gram was obtained by agitating 
the aqueous distillate and oily filtrate with ether, drying the extract 
with calcium chloride, and boiling off the ether, the residue from 
which deposited crystals of the quinone. 

The nature of the liquid bye-product has not been determined.- Ten 
grams were obtained in the experiment described, and the substance 
was found to be saturated and contained nitrogen. On dissolving it 
in glacial acetic acid and heating the solution with zinc dust, only 
an inconsiderable proportion of basic product was obtained, the major 
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portion of the material being apparently unchanged. The attempt 
to prepare the nitro-derivative of a dehydrogenised camphor was 
therefore unsuccessful 


Action of Phenylhydrazine on aa-Bromonitrocamphor. 


The uncontrolled action of phenylhydrazine on aa-bromonitrocamphor 
is extraordinarily vigorous. If a few grams of the base are added 
to the same quantity of the camphor derivative, the pasty mixture 
rapidly becomes hot, torrents of pungent, white fumes are liberated, 
and a dark brown tar is produced. Preliminary experiments showed, 
however, that under properly regulated conditions a satisfactory yield 
of nitrocamphor may be obtained. 

Fifty grams of bromonitrocamphor, giving [a]) — 20°7° in a 20 per 
cent. chloroform solution, were placed ina porcelain beaker and treated 
with 40 grams of phenylhydrazine, added in quantities of about 5 grams 
at a time. Soon after adding the base, the mixture became pasty, 
developed heat, and set up a continuous evolution of gas. When the 
action seemed in danger of becoming too vigorous, the product was 
cooled, and the effect of one quantity of the base was allowed to subside 
before further addition was made. Throughout the treatment, which 
lasted 1 hour, phenylhydrazine hydrobromide was produced, and at 
the end of the operation the contents of the beaker were quite 
hard. 

Ether was added in sufficient quantity to dissolve all excepting the 
hydrobromide, which, when filtered and washed, weighed only 24 grams 
although 342 grams would represent one molecular proportion. The 
ethereal solution was extracted with dilute hydrochloric acid, which 
removed 8 grams of unused phenylhydrazine. The liquid was then 
shaken vigorously with a moderately concentrated solution of sodium 
carbonate as long as carbon dioxide was liberated, and then evaporated, 
depositing 10 grams of a deep red oil, from which 2 grams of a crys- 
talline substance quickly separated. 

The sodium carbonate solution was washed with ether, heated on the 
water-bath, cooled, and acidified with hydrochloric acid, which precipi- 
tated nitrocamphor in a pale yellow, crystalline form, showing no 
tendency to be oily ; it was filtered, washed, and treated with about 
20 c.c. of cold alcohol, which left undissolved 30 grams of nitro- 
camphor as a pale yellow, crystalline powder, 35:7 grams being the 
calculated amount. One crystallisation from warm petroleum sufficed 
to convert the product into aggregates of lustrous, colourless, trans- 
parent crystals melting at 103° and giving [a]) —123°8° in a 10 per 
cent. solution in benzene. This value was obtained on examining the 
solution as soon as possible after dissolving the substance ; during 3 
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hours’ exposure to daylight it diminished to [a], — 113°, becoming 
constant at [a], —101-2°. 

The Bye-product, C,,H,,ON,.—The deep red oil deposited by the 
ethereal solution from which nitrocamphor had been removed by 
agitation with sodium carbonate solution, consisted of camphor phenyl- 
hydrazone. After a short interval, separation of crystals occurred. 
These were filtered, washed with cold alcohol, and recrystallised twice 
from boiling alcohol, which deposited pale yellow, silky needles melting 
somewhat indefinitely at 187—189°: 


0:1509 gave 0°4169 CO, and 0°1076 H,O. C=75°35; H=7°92. 
0°1703 ,, 15°9 ce of nitrogen at 16° and 765 mm. N=10°95. 
C, gH. ON, requires C=75:00 ; H=7°81 ; N=10°93 per cent. 


The substance has been obtained also in lustrous leaflets, and as it 
seemed probable that it might be camphorquinone phenylhydrazone, 
a specimen of this derivative was prepared from camphorquinone and 
phenylhydrazine. Claisen and Manasse (Annalen, 1893, 274, 87) state 
that the phenylhydrazone prepared by this method crystallises in 
yellowish prisms which melt at 170—171°, and add that it dissolves in 
sulphuric acid containing nitrous acid, developing a bluish-violet 
coloration which rapidly becomes red and finally dark yellow. The 
specimen which I prepared for the purpose of comparison crystallised 
in long, yellow, striated prisms melting at any temperature between 
183° and 190°, according to the rate at which the temperature rose, the 
first-named being that observed when the acid is heated rather more 
slowly than usual. It dissolved in sulphuric acid containing nitrous 
acid, developing an intense red coloration which rapidly became purple 
and finally deep cherry-red. Concentrated nitric acid produced 
momentarily a brilliant purple coloration, the solution being brown. 

The phenylhydrazone is a neutral substance and is indifferent to- 
wards Fehling’s solution, even on boiling ; if, however, it is heated for 
some time with concentrated hydrochloric acid, the liquid, when 
neutralised with potash, slowly reduces Fehling’s solution when boiled 
with it. An alcoholic solution of the substance does not reduce cold 
ammoniacal silver nitrate, but on boiling the liquid, silver is precipi- 
tated, and the yellow colour intensified. 

All these remarks apply to the bye-product of the reduction of 
bromonitrocamphor with phenylhydrazine, and when the purified sub- 
stances are melted side by side or mixed, fusion occurs at the same 
moment. It is evident, therefore, that they are chemically identical, 
but differ in crystalline form. 
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Action of Phenylhydrazine on 1 :1-Bromonitrocamphane. 


The behaviour of bromonitrocamphane towards phenylhydrazine is 
very similar to that of bromonitrocamphor. If allowed to proceed 
spontaneously between equal quantities of the two substances, the 
action becomes uncontrollable, and white, pungent fumes are evolved, 
leaving only tarry products. 

Fifty grams of bromonitrocamphane were therefore converted into 
a stiff paste with ether and treated with 50 grams of phenylhydrazine 
under the conditions prescribed for the camphor derivative ; when this 
quantity of base had been added, the mixture was heated on the water- 
bath until the characteristic odour of bromonitrocamphane was no 
longer distinguishable. The product was then treated with ether and 
agitated with water, which removed 29 grams of phenylhydrazine 
hydrobromide, 36 grams being the calculated amount. After extract- 
ing the ethereal solution with 30 per cent. potassium hydroxide, which 
removed an inconsiderable proportion of dark brown, oily matter, it 
was treated with dilute hydrochloric acid, which removed 8 grams of 
unused phenylhydrazine. 

On evaporating the ether, 32 grams of a dark red oil were deposited. 
A current of steam was passed through this product, which yielded 
21 grams of nitrocamphane in the form of a reddish-yellow, crystalline 
distillate, instead of 35 grams required by theory. The product, how- 
ever, when recrystallised twice from hot alcohol, was obtained in snow- 
white crystals melting at 157°, or 10° higher than the specimen pre- 
pared by the action of alcoholic potash ; 0°5021 gram dissolved in 
25 c.c. of benzene at 20° gave ap +1°5’ in a 2-dem. tube, whence the 
specific rotatory power [a], +27°0°, whilst 0°5043 dissolved in 25 c.c. 
of absolute alcohol at 20° gave ap +18’, corresponding to [a], +7°4° 
(compare Trans., 1900, '7'7, 257). 
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LXXXVII.—2 : 4-Dibromo-5-nitro- and 2 :4-Dibromo- 
3 : 5-dinitro-toluenes and their Behaviour on Reduction. 
By Wituiam A, Davis. 


On nitration with fuming nitric acid (d. 1°52), 2 :4-dibromotoluene yields 
initially, as stated by Nevile and Winther (Trans., 1880, 37, 440), a 
mononitro-derivative melting at 81°; this is not 2 : 4-dibromo-6-nitro- 
toluene, as suggested in Beilstein’s Handbuch (3% Auflage, II, 97), but 
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2 : 4-dibromo-3-nitrotoluene, the nitro-group having entered the nucleus 
in the ortho-position relatively to the p-bromine atom and not to the 
methyl radicle. The structure of the nitro-compound follows from its 
yielding 4:6-dibromo-m-toluidine (m. p. 74°5°, Nevile and Winther, , 
loc. cit.) on reduction with tin and hydrochloric acid. 

Unless the nitration of 2: 4-dibromotoluene be carefully regulated, 
a dinitro-compound is formed, which crystallises from ethyl acetate in 
magnificent, light yellow prisms, melts at 127°5°, and has the structure 
of a 2: 4-dibromo-3 : 6-dinitrotoluene. This substance is remarkable, 
inasmuch as on reduction with tin and hydrochloric acid it loses the 
whole of its bromine and yields s-tolylenediamine. The removal of 
the bromine atoms under these conditions is due to the simultaneous 
influence of the two nitro-groups contiguous to the bromine ; a single 
nitro-group is without such an effect, as the reduction of 2: 4-dibromo- 
5-nitrotoluene occurs in a normal manner, the same being true of the 
reduction of 3-, 4-, and 5-o-nitrotoluenes, 4-, 5-, and 6-m-nitrotoluenes, 
2-bromo-p-nitrotoluene, and of all the other dibromonitrotoluenes. 

The nature of the s-tolylenediamine obtained was inferred from the 
fact that it was liquid, whereas all the other diamines which could 
possibly be derived from a dinitro-derivative of 2 : 4-dibromotoluene 
are known to be crystalline solids ; it was shown not to be 2: 3-tolyl- 
enediamine by failing to yield a crystalline derivative with phen- 
anthraquinone and by yielding a diacetyl derivative, and not an 
amidine, with acetic ahydride. This diacetyl derivative melts at 
236—237°, and is therefore not identical with diacetyl-2 : 5-tolylene- 
diamine, which melts at 220° (Nietzki, Ber., 1879, 12, 2237). 


EXPERIMENTAL. 


The 2 : 4-dibromotoluene used was prepared from o-nitro-p-toluidine, 
obtained either by nitrating p-toluidine or by reducing 2 : 4-dinitro- 
toluene with ammonium sulphide; in displacing the amino-group by 
bromine, Sandmeyer’s method was adopted instead of Griess’s (com- 
pare Beilstein and Kuhlberg, Annalen, 1871, 158, 340). To ensure a 
good yield, a mixture of the diazo-nitrate with hydrobromic acid is 
added to cuprous bromide suspended in water at 40°, care being taken 
that the mixture is not subsequently heated above 60°. The p-bromo- 
o-nitrotoluene is extracted from the cuprous bromide by alcohol, from 
which it crystallises in well-formed, yellow prisms. On reducing the 
nitro-compound with tin and hydrochloric acid and distilling with 
steam, a nearly theoretical yield of p-bromo-o-toluidine is obtained. 
On diazotising this in hydrobromic acid solution, decomposing the 
diazo-compound by means of cuprous bromide, and distilling in steam, 
a 65 per cent. yield of 2 : 4-dibromotoluene is obtained. 

3M 2 
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2 : 4-Dibromo-5-nitrotoluene. 


In order to obtain the mononitro-compound, 5 grams of 2 : 4-dibromo- 
toluene, freed from all phenolic impurities by washing with a dilute 
solution of sodium hydroxide and carefully dried over calcium chloride, 
are added to 15 grams of nitric acid (d. 1°52) and the mixture gently 
warmed on a water-bath ; a vigorous action usually begins, which should 
be moderated by rapidly cooling the mixture. After the action has 
subsided, the mixture is again heated on the water-bath and constantly 
shaken during 40 minutes, after which the separated oil should solidify 
on cooling with water. On pouring into water and crystallising the 
solid product once from alcohol, it melts at 79-—80°, but by repeated 
crystallisation the melting point is raised to 81—82° (Nevile and 
Winther give 80—81°). If, during the nitration, the heating is con- 
tinued too long, a product somewhat more difficult to purify is obtained ; 
when first crystallised from alcohol, it forms long, slender needles, 
which, although apparently pure, melt at 70—71° ; the correct melting 
point is reached only after eight or ten recrystallisations. 


2 : 4-Dibromo-5-toluidine. 


Fifteen grams of 2:4-dibromo-5-nitrotoluene are heated on the 
water-bath with 12 grams of tin and 120 grams of concentrated hydro- 
chloric acid ; after reduction is complete, 60 grams of sodium hydr- 
oxide are added and the product distilled with steam. The yield is 
nearly a theoretical one ; the crude product melts at about 55°, crystal- 
lising from alcohol in long, slender needles radiating from a centre, 
which, although apparently homogeneous, melt at about 56°; such a 
product contains an impurity rich in bromine,* as the following analyses 
of different samples show : 


0°0711 gave 0:1180 AgBr. Found Br=70°61. 
00766 ,, 0°1231 AgBr. »  Br=68-66. 
C,H,NBr, requires Br = 60°37 per cent. 


A single crystallisation from light petroleum, however, raises the 
melting point to 74°, and a constant value, 74°5—75°, is reached after 
one more crystallisation; the base separates in small, dull greyish, 


* The base was prepared from slightly impure dibromonitrotoluene (m. p. 75—80°) ; 
from the petroleum mother liquors of the purified base, two well-defined substances 
were isolated, one crystallising from alcohol in short needles melting at 94°, the 
other in large, slender needles melting at 104—105°. Although both substances 
contained the same amount of bromine (74°61 and 74°71 per cent. respectively), they 
were not identical, as shown by the fact that a mixture of the two melted at 70—80°. 
They were not further investigated. 
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radiating prisms and is obviously identical with Nevile and Winther’s 
2: 4-dibromo-5-toluidine, obtained by brominating p-bromo-m-aceto- 
toluidide : 


00576 gave 0:0821 AgBr. Br=60°66, 
C,H,NBr, requires Br = 60°37 per cent. 


2 : 4-Dibromo-5-acetotoluidide, C,H, MeBr,*N HAc, prepared by boiling 
the base for a few minutes with acetic anhydride, crystallises from 
alcohol in small, white prisms or needles, melts at 167°, and has not 
hitherto been described : 


0°1063 gave 0°1316 AgBr. Br=52°65. 
C,H,ONBr, requires Br = 52°12 per cent. 


2 : 4-Dibromo-3 : 5-dinitrotoluene. 


This is formed in considerable quantity if, in preparing 2 : 4-dibromo- 
toluene, the nitration mixture is heated too long ; it can easily be pre- 
pared in excellent yield by heating the dibromotoluene with a mixture 
of fuming nitric acid and concentrated sulphuric acid, initially for 
2—3 hours on the water-bath, and finally for 5—10 minutes gently 
on the sand-bath. The product is poured into water, dried, and crys- 
tallised from ethyl acetate; it forms magnificent, slightly yellow 
prisms, often half-an-inch in length, and melts at 127°5° From 
alcohol, it crystallises in tufts of lustreless prisms : 


0:2167 gave 01990 CO, and 0°0245 H,O. C=25°04; H=1°25. 
02000 ,, 15°0 cc. moist nitrogenat 11°and 761‘7mm. N=8-96. 
01090 ,, 01214 AgBr. Br=47-40. 

C,H,0,N,Br, requires C = 24°70; H = 1°18; N = 8:23; Br = 47°06 percent. 


Reduction of 2: 4-Dibromo-3 : 5-dinitrotoluene. 


Five grams of the finely powdered pure dinitro-compound were heated 
with 6°5 grams of tin and 30 grams of concentrated hydrochloric acid 
for about 5 hours on the water-bath. The tin was precipitated from 
the hot diluted solution by means of hydrogen sulphide and the clear 
solution evaporated, first in an open dish over the water-bath, finally, 
when the solution became slightly brownish in colour, in a vacuum 
desiccator over concentrated sulphuric acid and potash. Small, white 
rosettes of needles separated, which were very soluble in water, de- 
composed between 255° and 260°, and had the composition of a s-tolyl- 
enediamine dihydrochloride : 

00544 gave, by Carius’ method, 0:0789 AgCl. Cl=35°86. 
00626 ,, 4, direct precipitation, 0°0910 AgCl. Cl (as HCl) = 35-93. 
C,H,Me(NH,),,2HCl requires Cl = 36°38 per cent.- 
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The base was prepared from the dihydrochloride by adding sodium 
hydroxide to its aqueous solution and extracting with ether; on 
evaporating the ether completely in a vacuum, a syrupy liquid was 
obtained, which was very soluble in water and did not solidify in a 
freezing mixture ; owing to lack of material, the boiling point was not 
observed. The substance was converted into a diacetyl derivative by 
gently warming with acetic anhydride ; this crystallised from alcohol in 
small, pike-shaped, hemimorphic prisms melting at 235—236°, which 
became strongly electrical when removed from the solution and allowed 
to dry on filter paper. Under these circumstances, several of the crystals, 
especially when stroked with a spatula, leaped into the air to the height 
of 2 or 3 inches. Diacetyl-s-tolylenediamine has not hitherto been 
described : 


0°1600 gave 0°3761 CO, and 00970 H,O. C=64:10; H=6-74. 
C,,H,,0.N, requires C=64°01 ; H=6°86 per cent. 


A little of the free base was combined with diazobenzene chloride, 
when it readily yielded a brown, chrysoidine dye-stuff. 
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LXXXVIII.—Taaine. 
By T. E. Tuorpe, C.B., F.R.S., and Gzorez Strusss. 


THAT, under certain circumstances, the leaves and fruit of the yew tree 
may be poisonous has long been known. Many instances, however, 
have been recorded in which no fatal result has followed from eating 
the leaves, and hence it has been alleged that the leaves vary in toxic 
character with the period of the year, or are different in different trees, 
and that certain animals are immune to the poison. 

It has been alleged that the leaves from the male tree only are 
poisonous, leaves from the female tree being innocuous. It has been 
stated by some that the young, green shoots only contain the poison ; 
by others, that the fresh, green leaves have no fatal effect on cattle, 
but are poisonous when dry. It appears that the lower branches of 
yew trees in parks and grounds are constantly cropped by cattle with- 
out any ill effects. As regards the fruit, it is generally believed that 
the outer fleshy pulp is not poisonous, whilst the true seed contains a 
poison and is very dangerous. 

There is little doubt that in the numerous recorded instances of fata 1 
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effects resulting from eating yew leaves, there exists sufficient evidence 
to show that, under some circumstances, the yew tree contains an active 
poisonous principle. The most exhaustive experiments on the action 
of the yew poison of which we have any knowledge are those made 
known by Cornevin, in a work entitled “ Des Plantes Vénéneuses et des 
Empoisonnements qu’elles déterminent.” These are quoted by Mr. C. 
Whitehead in a communication to the Journal of the Royal Agricultural 
Society (1892, 3, 703). In the same journal (1893, 4, 141), a short 
account is given of some experiments carried out at the Royal Veter- 
inary College, which are by no means conclusive as to the poisonous 
character of the yew. If a reference, however, is made to M. Cornevin’s 
table as to the amounts necessary to kill different animals, it will be 
seen that the quantity taken by the animals in the Royal Veterinary 
College experiments was insufficient to cause death. 

In view of the indefinite conclusions of the recorded observations of 
yew poisoning, it seemed desirable to learn more about the chemical 
character of the principle or principles that might be capable of being 
separated from the leaves. It is possible, of course, that the poisonous 
principle does not exist in the leaves, but is the product of the action 
of the juices of the stomach, or of fermentation during the drying of 
the leaves. If some knowledge could be gained of the constitution of 
the active principle, and of the action on it of different substances, 
an explanation might possibly be forthcoming of the apparently 
irreconcilable observations which have been made for so many years. 

Chemical investigation of the poisonous principle in yew appears to 
have been first made by Bujardin, Schroff, and Lucas. Lucas (Jahres- 
ber., 1856, 550) indicated the existence in yew of a specific alkaloid 
to which the name “ taxin” was given. 

In 1876, Marmé (Medicinisches Centralblatt, 14, 97) prepared from 
the yew an alkaloidal substance corresponding with the taxine described 
by Lucas. The leaves and seeds were repeatedly extracted with ether, 
and after distilling off the ether the residue was shaken with hot acid- 
ified water, filtered, and the taxine precipitated from the filtrate by 
ammonia. The substance is described by Marmé as a white, crystal- 
line powder, scarcely soluble in water, readily soluble in acidified water, 
and in alcohol, ether, chloroform, benzene, or carbon disulphide, but 
insoluble in petroleum ether. It was free from smell, had a bitter 
taste, and gave precipitates with many of the alkaloidal reagents, but 
none with platinic chloride, gold chloride, mercuric chloride, and 
potassium platinicyanide. The taxine melted at 80°, was coloured 
red by the action of strong sulphuric acid, and gave no crystalline 
salts with ordinary acids. Marmé concluded that the alkaloid was 
present to a greater extent in the leaves than in the seeds. 

Amato and Capparelli, in 1880 (Ber., 18, 1999), made a further 
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attempt to isolate the alkaloid of yew and to examine its properties. 
The green needles of the yew were exhausted successively with ether, 
alcohol, water, and dilute sulphuric acid. From the ether solution, by 
Marmé’s method, they obtained an alkaloid, described as crystal- 
line and having a musty odour. The alcohol, water, and acid extracts 
of the leaves also yielded small quantities of the same alkaloidal sub- 
stance, Besides this product, there was isolated from the ether-extract, 
a colourless, non-nitrogenous, crystalline substance, melting at 86—87°, 
readily soluble in boiling alcohol, but sparingly soluble in cold alcohol, 
to which they gave the name milossin. 

A more complete examination of the active principle of yew was 
carried out by Hilger and Brande, who followed Marmé’s method 
for separation of the alkaloid (Ber., 1890, 23, 464). The ethereal 
extract of yew leaves was shaken with dilute sulphuric acid, and 
the acid solution precipitated with solution of ammonia, This was 
again extracted with ether, shaken out with dilute sulphuric acid, 
and precipitated with ammonia, and the process was repeated until a 
colourless precipitate was obtained. Hilger and Brande give the melt- 
ing point as 82°, and assign to the alkaloid the formula C,,H,,0,,N. 
From the work of these chemists, it would appear that yew leaves con- 
tained a definite alkaloid, which they regarded as a tertiary base, pro- 
ducing salts resembling those produced from similar basic substances, 
and giving all the general reactions of an alkaloid. 

In 1896, Vréven (Bull. Gén. Therap. Soc. Pharm., 1, 261) extracted 
taxine from yew according tothe following process. Fresh yew leaves 
were cut up small and digested with water acidified with tartaric acid. 
The acid extract was evaporated to a small bulk and exhausted repeat- 
edly with a mixture of equal parts of alcohol and water. This alcoholic 
extract was again evaporated, rendered alkaline with ammonia, and 
shaken with benzene, in which the alkaloid dissolved. The benzene 
solution was shaken with hydrochloric acid, the acid solution precip- 
itated with ammonia, and extracted with ether. It was further purified 
in a similar manner, but Vréven does not appear to have done any 
work on its chemical character. 

Whilst in many respects the substance prepared by all the chemists 
mentioned is similar, there are notable differences in their descriptions 
of its properties. Hilger and Brande were unable to obtain the 
alkaloid in a crystalline form from any of its solvents, whilst the 
earlier observers describe it as crystalline. Marmé states that it gives 
no precipitate with gold chloride or platinic chloride, whereas Hilger 
and Brande prepared and analysed compounds of these salts with the 
alkaloid. Again, Marmé describes the alkaloid as having no smell, 
whilst Amato and Capparelli state that it has a “ musty ” odour. Hilger 
and Brande found that it is not soluble in benzene, whilst Marmé records 
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its solubility in that liquid. Vréven’s method of preparation, it will 
be observed, employs benzene for the purpose of extracting the 
alkaloid. 

In all work so far carried out, no distinction had been made as to 
the sex of the tree from which the leaves for examination had been 
taken, but in 1892 Dr. Munro communicated to the Journal of the 
Royal Agricultural Society (3, 715) some results obtained by him on 
the examination of leaves from both male and female trees. He found 
an alkaloid which appeared to agree with taxine in both the male and 
female leaves, and although his results gave a greater quantity of crude 
alkaloid from the male than from the female leaves, Dr. Munro did 
not regard it as conclusively established that the amount of the alkaloid 
varied with the sex of the tree. He also pointed out the extreme diffi- 
culty of purifying taxine and the great loss attending the operation, 
and was of opinion that the loss was due to alteration in the com- 
position of the substance. 

Mr. R. A. Bray, of the Manor House, Shere, Guildford, has commu- 
nicated to us the results of some work which he himself had carried 
out on the extraction of the alkaloid. He found, after trial of several 
processes, that water containing 1 per cent. of sulphuric acid yielded 
the best results. 

In this general review of the chemical work carried out on yew 
leaves it will be seen that a substance giving the general tests for an 
alkaloid has been obtained by extracting yew leaves (1) with water 
acidified either with tartaric acid or sulphuric acid ; (2) with ether, 
and subsequently shaking the ethereal extract with an acid; and (3) 
with hot alcohol, the method followed by Dr. Munro. 

In the early stages of our work, considerable difficulties were met 
with in obtaining the alkaloid in quantity sufficient for investigating 
its properties by a method which would ensure that no change had 
occurred in it during the process of extraction, and which would at the 
same time enable the leaves or the extract to be used for the isolation 
of other substances. 

The first experiments were directed to ascertain the best conditions 
under which a substance of the nature of an alkaloid could be ex- 
tracted from yew, by the methods used by previous workers, or by 
other means which could be devised. The undried leaves from the 
female trees were cut up and extracted with water containing 1 per 
cent. of sulphuric acid, whereby 0°11 per cent. of an alkaloid were ob- 
tained. The leaves, dried in air at a low temperature, were powdered 
and treated in a similar manner, and taxine, equivalent to 0°12 [per 
cent, on the green leaves, was obtained. It was found, however, that 
if, after the acidified extract had been made, the solution was evapor- 
ated to about one-sixth of its bulk, the quantity of alkaloid obtained 
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was much smaller, owing, as was subsequently proved, to changes ex- 
perienced by the substance. ‘Tartaric acid extracts of the green leaves 
and the air-dried leaves also yielded similar quantities of taxine, and, 
again, by evaporation of the solution there was a loss in the amount 
of alkaloid recovered. From an ether extract of the dry leaves, 
0°08 per cent. was obtained, and from an extract with cold alcohol, 
0-07 per cent. when calculated on the green leaves. 

These preliminary experiments served to show that both from the 
green leaves and the air-dried leaves the alkaloid was obtained to 
about the same extent ; that sulphuric acid or tartaric acid, in very 
weak solutions, easily extracted it; and that ether or alcohol might 
be used, though less completely, for obtaining the substance. In 
these experiments, the extraction was not prolonged until the leaves 
no longer yielded evidence of the presence of an alkaloid, and 
the above figures, from this cause and from evidence obtained later, 
are probably considerably below the true amount of alkaloid originally 
present in the leaves. 

As is well known, acids are apt to produce change in products of the 
character of taxine. Accordingly, it was decided to operate upon 
larger quantities of material with alcohol. Two separate quantities of 
8 lb., and 12 lb. of leaves, air-dried and powdered, were extracted 
with boiling alcohol until the leaves yielded practically no further sub- 
stance. The residue obtained after evaporating the alcohol, and which 
would contain the alkaloid, amounted to 26 per cent. of the dry leaves. 
It was dark in colour (containing all the chlorophyll) and of wax-like 
consistency. It was treated several times with hot water containing 
1 per cent. sulphuric acid and the aqueous extracts examined for 
alkaloid. The yield, however, was very considerably less than was 
expected ; either the alkaloid had not been extracted from the dark 
fatty residue from the leaves by the hot sulphuric acid, or the action 
of this reagent, or the ammonia, had so altered the substance that it 
was not isolated by the subsequent treatment. 

A further quantity of leaves was treated in the same manner, but 
with the use of hot water on the alcoholic extract, instead of dilute 
acid ; the yield of alkaloid was considerably increased, but even now 
the amount was much smaller than was obtained in the preliminary 
work. 

A re-examination of the residues furnished only slight additional 
amounts of alkaloid. It therefore became evident that the small 
quantity of alkaloid isolated was not due to accidental loss during 
manipulation, but to some change in the substance, brought about 
probably by the treatment with hot acid—the sticky, waxy, nature of 
the alcoholic residue requiring rather rigorous treatment to ensure 
thorough mixing with the acid. 
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A comparison was made between the taxine obtained by direct acid 
extract of the leaves and the taxine obtained from the alcoholic ex- 
tract, and the substances appeared to be identical. Since, therefore, 
it was evident that the alcoholic treatment had not been successful in 
furnishing a satisfactory yield when employed on large quantities of 
leaves, and that the same substance was obtained by directly acting on 
the leaves with dilute sulphuric acid, the latter method was tried on a 
large scale. Ten and a half lb. of the air-dried, powdered leaves from 
the male tree were treated with 1 per cent. sulphuric acid for 5 or 6 
days with occasional shaking. The liquid was strained, and the leaves 
pressed, and treated once more with dilute sulphuric acid ; then again 
strained and pressed. Without evaporation, the acid extract was at 
once rendered alkaline with solution of ammonia and shaken with 
ether. The ether solution was removed and shaken with dilute acid. 
The acid solution was separated from the ethereal layer and rendered 
alkaline with ammonia, the alkaloid at this stage being thrown down 
as a brownish-coloured, bulky precipitate. The ammoniacal liquid, 
containing the partly precipitated alkaloid, was shaken with ether and 
the extraction with hydrochloric acid repeated as before. This was 
continued until no further colour was yielded to the ether in presence 
of hydrochloric acid. It was finally precipitated with ammonia solu- 
tion, shaken thoroughly with ether, and the ether extract evaporated, 
dried in a vacuum over sulphuric acid, and weighed. The amount ob- 
tained was equivalent to 0°18 per cent. on the green leaves. It will 
be seen that this amount from the male leaves is greater than was ob- 
tained from the female leaves in the preliminary work, but the inference 
cannot be drawn that the actual quantity present in the leaves was 
greater. The experience gained during the conduct of the work showed 
the extreme ease with which the substance underwent change, and 
every effort was made in the later experiments to prevent as much as 
possible those changes taking place. 

The alkaloidal substance, taxine, after drying in a vacuum, presented 
the appearance of very fine, glistening particles, extremely light, with 
no smell, and with a very bitter taste. 

The substance is soluble in ether, acetone, alcohol, chloroform, or 
benzene, but insoluble in petroleum ether. It is almost insoluble in 
water, but dissolves in weak acid. The addition of dilute acid to the 
dry scales does not give complete solution ; this is obtained by dissolv- 
ing taxine in ether and shaking the ethereal solution with an acid. 
From the acid solution, the alkaloid is precipitated with. solution of 
ammonia as a white, voluminous precipitate ; as thus obtained, it has 
a characteristic odour. The alkaloid is, however, somewhat soluble in 
excess of ammonia solution, as after filtering from the precipitated 
alkaloid a further quantity is extracted from the filtrate with ether. 
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was much smaller, owing, as was subsequently proved, to changes ex- 
perienced by the substance. ‘Tartaric acid extracts of the green leaves 
and the air-dried leaves also yielded similar quantities of taxine, and, 
again, by evaporation of the solution there was a loss in the amount 
of alkaloid recovered. From an ether extract of the dry leaves, 
0°08 per cent. was obtained, and from an extract with cold alcohol, 
0:07 per cent. when calculated on the green leaves. 

These preliminary experiments served to show that both from the 
green leaves and the air-dried leaves the alkaloid was obtained to 
about the same extent ; that sulphuric acid or tartaric acid, in very 
weak solutions, easily extracted it; and that ether or alcohol might 
be used, though less completely, for obtaining the substance. In 
these experiments, the extraction was not prolonged until the leaves 
no longer yielded evidence of the presence of an alkaloid, and 
the above figures, from this cause and from evidence obtained later, 
are probably considerably below the true amount of alkaloid originally 
present in the leaves. 

As is well known, acids are apt to produce change in products of the 
character of taxine. Accordingly, it was decided to operate upon 
larger quantities of material with alcohol. Two separate quantities of 
8 lb., and 12 Ib. of leaves, air-dried and powdered, were extracted 
with boiling alcohol until the leaves yielded practically no further sub- 
stance. The residue obtained after evaporating the alcohol, and which 
would contain the alkaloid, amounted to 26 per cent. of the dry leaves. 
It was dark in colour (containing all the chlorophyll) and of wax-like 
consistency. It was treated several times with hot water containing 
1 per cent. sulphuric acid and the aqueous extracts examined for 
alkaloid. The yield, however, was very considerably less than was 
expected ; either the alkaloid had not been extracted from the dark 
fatty residue from the leaves by the hot sulphuric acid, or the action 
of this reagent, or the ammonia, had so altered the substance that it 
was not isolated by the subsequent treatment. 

A further quantity of leaves was treated in the same manner, but 
with the use of hot water on the alcoholic extract, instead of dilute 
acid ; the yield of alkaloid was considerably increased, but even now 
the amount was much smaller than was obtained in the preliminary 
work. 

A re-examination of the residues furnished only slight additional 
amounts of alkaloid. It therefore became evident that the small 
quantity of alkaloid isolated was not due to accidental loss during 
manipulation, but to some change in the substance, brought about 
probably by the treatment with hot acid—the sticky, waxy, nature of 
the alcoholic residue requiring rather rigorous treatment to ensure 
thorough mixing with the acid. 
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A comparison was made between the taxine obtained by direct acid 
extract of the leaves and the taxine obtained from the alcoholic ex- 
tract, and the substances appeared to be identical. Since, therefore, 
it was evident that the alcoholic treatment had not been successful in 
furnishing a satisfactory yield when employed on large quantities of 
leaves, and that the same substance was obtained by directly acting on 
the leaves with dilute sulphuric acid, the latter method was tried on a 
large scale. Ten and a half lb. of the air-dried, powdered leaves from 
the male tree were treated with 1 per cent. sulphuric acid for 5 or 6 
days with occasional shaking. The liquid was strained, and the leaves 
pressed, and treated once more with dilute sulphuric acid ; then again 
strained and pressed. Without evaporation, the acid extract was at 
once rendered alkaline with solution of ammonia and shaken with 
ether. The ether solution was removed and shaken with dilute acid. 
The acid solution was separated from the ethereal layer and rendered 
alkaline with ammonia, the alkaloid at this stage being thrown down 
as a brownish-coloured, bulky precipitate. The ammoniacal liquid, 
containing the partly precipitated alkaloid, was shaken with ether and 
the extraction with hydrochloric acid repeated as before. This was 
continued until no further colour was yielded to the ether in presence 
of hydrochloric acid. It was finally precipitated with ammonia solu- 
tion, shaken thoroughly with ether, and the ether extract evaporated, 
dried in a vacuum over sulphuric acid, and weighed. The amount ob- 
tained was equivalent to 0°18 per cent. on the green leaves. It will 
be seen that this amount from the male leaves is greater than was ob- 
tained from the female leaves in the preliminary work, but the inference 
cannot be drawn that the actual quantity present in the leaves was 
greater. The experience gained during the conduct of the work showed 
the extreme ease with which the substance underwent change, and 
every effort was made in the later experiments to prevent as much as 
possible those changes taking place. 

The alkaloidal substance, taxine, after drying in a vacuum, presented 
the appearance of very fine, glistening particles, extremely light, with 
no smell, and with a very bitter taste. 

The substance is soluble in ether, acetone, alcohol, chloroform, or 
benzene, but insoluble in petroleum ether. It is almost insoluble in 
water, but dissolves in weak acid. The addition of dilute acid to the 
dry scales does not give complete solution ; this is obtained by dissolv- 
ing taxine in ether and shaking the ethereal solution with an acid. 
From the acid solution, the alkaloid is precipitated with. solution of 
ammonia as a white, voluminous precipitate ; as thus obtained, it has 
a characteristic odour. The alkaloid is, however, somewhat soluble in 
excess of ammonia solution, as after filtering from the precipitated 
alkaloid a further quantity is extracted from the filtrate with ether. 
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The alkaloid precipitated by ammonia and dried over sulphuric acid is 
a dull white, amorphous powder. 
It was analysed, with the following results : 


Cale. for 
1. Il. Ill. Cy;H5.0,0N. 
CMFROB ......... 66°75 66°67 67°05 66°21 
Hydrogen ...... 8:07 8:17 8°19 7°83 
Nitrogen ...... 2°02 — — 2°09 


These numbers are in fair accord with those demanded by the 
formula O©,,H,,0,,N, first given by Hilger and Brande. 

At 82°, taxine practically melts, and at the same time undergoes 
some decomposition. At 100°, the loss amounts to 4°26 per cent., the 
vapours given off being slightly alkaline. There is no further loss on 
prolonging the heating at 100° beyond one hour. 

Taxine does not crystallise. Attempts were made to crystallise it 
from its solvents, either used alone or mixed, but without success. In 
all cases, it dries as a hard, resinous-looking substance, similar to a 
varnish in appearance. It is not improbable that the alkaloid 
separated and described as taxine contains more than one substance 
of similar alkaloidal character. 

The hydrochloric acid solution of the alkaloid gives the following 
reactions : 

Solution of iodine in potassium iodide gives a dark chocolate-brown 
precipitate very readily ; 

Mercuric iodide in potassium iodide, a white precipitate with a 
yellowish tinge ; 

Phosphomolybdic acid, a yellow precipitate ; 

Platinic chloride, a slight, pale yellow precipitate increasing in quan- 
tity on standing ; 

Gold chloride, a voluminous, canary-yellow precipitate, very sparingly 
soluble in water ; 

Potassium iodide and bismuth iodide, an abundant, orange-coloured 
precipitate ; 

Picric acid, a yellow precipitate ; 

Mercuric chloride solution, a white precipitate. 

It will be seen that, in its behaviour with the reagents given, taxine 
resembles many alkaloidal substances. 

As regards colour reactions, taxine behaves as follows : 

Sulphuric acid (concentrated) gives a brown to purplish-blue colora- 
tion ; 

Sulphuric acid with a little nitric acid gives a deep pink, almost 
red coloration ; 

Sulphuric acid with molybdic acid gives a deep violet coloration ; 
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Sulphuric acid with potassium dichromate gives a fine purple-blue 
coloration ; 

Nitric acid (concentrated) gives a slight brown tinge ; 

Hydrochloric acid (concentrated) gives no coloration. 

When the dry substance is heated in a tube, it is decomposed with 
formation of white fumes which condense as oily drops on the sides of 
the tube and have no alkaline reaction. When heated with soda-lime, 
ammonia is evolved. 

That the substance readily undergoes change is proved by the fol- 
lowing experiments. A weighed quantity of the alkaloid was heated 
for half-an-hour with water containing 2 per cent. of hydrochloric 
acid. On recovering the alkaloid again, only 70 per cent. was ob- 
tained. From a further quantity heated with a solution of 10 per 
cent. hydrochloric acid for 3 hours, only 5 per cent. of the alkaloid 
could be recovered. There are at least two substances formed in 
this decomposition ; one a white, non-nitrogenous and amorphous 
compound, with a definite melting point at 120°, soluble in alcohol 
or ether, but insoluble in acids or alkaline solutions. The other is 
a brown substance, which separates from the acid solution during 
the heating, is insoluble in ether, but soluble in alcohol. Owing 
to lack of material, these substances have not been further investi- 
gated. 

Taxine combines with acids to form definite salts, but we have 
not been able to obtain any of these in a crystalline form. Several 
of these salts have been prepared, and some have been analysed, 
The method of preparation followed was to shake in a separating 
funnel an ethereal solution of the alkaloid with slightly less than 
the calculated amount of the acid required for molecular combina- 
tion. The aqueous solution of the salt was then concentrated over 
sulphuric acid in a vacuum. 

Of the simple salts, we have analysed the hydrochloride and the 
sulphate. The former gave, in two analyses, 4°98 and 5°35 per cent. 
of hydrogen chloride, the mean number, 5°16, agreeing exactly with 
that demanded by the formula ©,,H,,.0,,N,HCl. The sulphate was 
found to contain 6°94 per cent. of sulphuric acid, the formula 
(C.,H;,0, N).,HSO, requiring 6°81 per cent. 

If a solution of gold chloride in water is added to a hydrochloric 
acid solution of the alkaloid, a pale yellow precipitate is at once 
formed, This precipitate undergoes slight decomposition on drying in 
a vacuum, even in the dark. The gold chloride compound dissolves 
in alcohol, but does not crystallise from its solution on evaporation 
over sulphuric acid or by gradual addition of water. It is also readily 
soluble in acetone or chloroform. The melting point is 72°5°, but it 
is probable that the actual melting point is affected by the decompo- 
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sition which takes place at this temperature. Its composition would 
appear to be C,,H,,0,,.N,HAuCl,, although, on account of the ease 
with which it is decomposed, the analytical figures show a slight 
excess of gold above the theoretical amount. Analyses of several 
preparations gave the following numbers: 


Calc. for. 
(a3. (2). (8). (4). CyyH;,0,>N, HAuCl,, 
eS 43°4 43°2 43°7 43°1 43°9 
| 5°5 58 6°0 5:7 5:2 
ee 20°8 21°7 20°4 19°3 19-1 


The alcoholic solution of the alkaloid mixed with an alcoholic solu- 
tion of gold chloride gives, on the addition of water, a pale yellow pre- 
cipitate, a compound of the free alkaloid with gold chloride, which, 
after drying in a vacuum, melts with rapid decomposition at 132—134°. 
This compound is not absolutely stable on drying. Its composition 
would appear to be C,,H,,0,,N,AuCl,. (Gold found, 21:0; calculated, 
20°2 per cent.). 

The alkaloid may be recovered from the gold chloride compounds 
without any change in its character. 

Hilger and Brande describe the formation of a compound of taxine 
with ethyl iodide, obtained by heating the alkaloid with ethy] iodide, 
under pressure at 100°. We have prepared, but in a somewhat dif- 
ferent manner, the corresponding methyl iodide compound. 0:302 gram 
of alkaloid was dissolved in benzene. To the solution was added, in 
slight excess, a solution of methyl iodide in benzene. At first, the 
mixture was clear, but in a few minutes a bulky, flocculent pre- 
cipitate was formed. This was dried in a vacuum until no further 
loss in weight occurred. The white residue showed an increase in 
weight on the original substance of 0°0686 gram. The calculated in- 
crease, assuming that the compound C,,H,,0,,N,CH,[ had been 
formed, is 0°064 gram. On analysis, it yielded : 


C=564; H=7'4. 
C,,H,,0,,.N,CH,I requires C=56°1 ; H=6°8 per cent. 


The substance is a white, amorphous powder which melts at 
about 121°. 

Although the analytical numbers adduced, both for the alkaloid and 
its salts, are in substantial agreement with Hilger and Brande’s 
formula, it cannot be said that this formula, to which there are 
obvious objections, is yet definitely established. Taxine has such 
feeble basic powers, and is itself so susceptible to change, that much 
further study is required in order to fix its true character and 
relations. 

The physiological action of taxine was examined in 1876 by Borchero 
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(Exper. Untersuch. u. Wirkung des Taxin, Gottingen, 1876), who states 
that, when administered to frogs, rabbits, cats, and dogs, it de- 
presses the action of the heart and interferes with the respiratory 
functions, and that death ensues from suffocation in a short time. It 
has been asserted, however, that taxine has no action on guinea- 
pigs. Further experiments are required to establish definitely whether 
the alkaloid is actually poisonous, and if so, how it acts ; and whether, 
as alleged, certain animals are immune to it. 


In conclusion, we desire to acknowledge our indebtedness to Mr. 
Bray of the Manor House, Shere, for his kindness in furnishing us 
with the material for our inquiry. 


THE GOVERNMENT LABORATORY, 
LONDON. 


LXXXIX.—The Sampling of Soils. 
By JoHn WALTER LEATHER. 


Various methods have been utilised by chemists for taking samples of 
soils from fields, but I do not know of any recorded case where these 
methods have been tested in order to determine the difference in 
composition which would be found between two samples taken by a 
particular method from the same field. 

In relation to an examination of some soils this year, it seemed to 
me desirable that the degree of accuracy of the method of sampling 
should be determined. Had opportunity offered, it would have been 
preferable to test the several methods which are employed, but I have 
only found time to test one of these. 

I have latterly employed the auger for this purpose. It is an 
extremely simple instrument to use and a large number of borings to 
any desired depth can be taken from a field ina short time. For this 
reason, I have considered it as more likely to provide a true sample 
of the fine earth than any method in which the sample is taken from one 
or two spots only. Morever, the surface soil is not disturbed in the 
same manner as when a hole is dug with a spade, and this is of some 
importance in the case of experimental plots. 

The auger which I employ is an ordinary 1? inch or 2 inch iron auger. 
It may be screwed into the surface soil to any desired depth, and on 
withdrawing it, a section of the soil adheres to it if the latter is not 
quite dry. Ifa sample of the subsoil is required, then the section of 
surface soil must be first removed, and the auger replaced in the hole 
and screwed into the subsoil. 
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The samples which I took to test the method were from plots at 
three of the Indian Experiment Stations. Two of these are situated 
near Poona, in what is called “regur” or “black cotton” soil ; the 
third is at Cawnpore, in the Indo-Gangetic Alluvium. 

All the samples were of the surface 9 inches of soil. Duplicate 
samples were taken in each case. About a dozen borings were made 
for each sample. The soil was sun-dried, and the fine eurth, namely, 
that which passed through a sieve of 2°1 mm. mesh, was subjected to 
analysis. 

The tests applied were the determination of (a) the total nitrogen, 
(6) the available phosphoric acid, (c) the available potash. Regarding 
these determinations, the following are the experimental errors which 
I find in practice : 


Total nitrogen +0°002 per cent. 
Available phosphoricacid... +0°0005  ,, 
Available potash 99 


All the methods for these determinations are extremely accurate, 
and especially so is the determination of phosphoric acid by the 
molybdate method as described by Dyer (Trans., 1894, 65, 140). The 
table on p. 885 includes the results. 

An examination of these figures shows clearly that the variations 
between pairs of samples from the same plots are not so great as to 
render the analyses useless. For example, the Manjri soils clearly 
contain high proportions of available phosphoric acid, whilst the 
available potash falls in several to near what is believed to be too 
little ; the available phosphoric acid in the Kirkee land is with equal 
certainty low, and similarly the amounts of these constituents in the 
Cawnpore soils are undoubtedly fairly high. 

At the same time, now that methods of soil examination are being 
devised which enable quite small quantities of some of the constituents 
to be determined with accuracy, it becomes of greater importance to be 
certain that the samples are selected in such a manner that the results 
of these accurate tests may be undoubted. 

I am personally somewhat disappointed with these samples. They 
were taken with care, and considering the number of borings which 
went to form each sample, I hoped that the differences would fall below 
10 per cent. of the constituent determined in any one case. The 
variations in about one-half the tests do actually fall within this limit, 
but in the other half they amount to more nearly 20 percent. In the 
case of the nitrogen and the potash, the experimental error of the 
analytical methods might account for some material portion of these 
variations, but this would not be so in the phosphoric acid determina- 
tions. The differences between the amounts of the available phos- 
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Available 
Nitrogen. phosphoric 
acid. 


Available 
potash. 


Black cotton soils : Per cent. Per cent, Per cent. 


Manjri, Plot x, a, 0°040 0°0397 0°0070 
b, 0°048 0°0389 0°0062 
Manjri, Plot 2, a, 0°039 00262 0°0070 
b, 0-040 0°0260 00054 
Manjri, Plot 3, . 0°045 0°0374 0°0124 


‘ 0°048 0°0318 0°0132 

Manjri, Plot 4, a, 0-045 00290 0-0077 
b, | 0048 0°0350 00085 

Manjri, Plot 5, a, | 0°060 0°0672 0°0155 
b, hipaansenes 0°063 0°0719 0°0194 

Kirkee, Plot 10, a, 0°034 0°0052 0°0085 
b, 0-049 0-0064 0°0108 

Kirkee, Plot 8, a, 0°044 |  0°0040 0°0054 
0°040 |  0°0039 00039 


Indo-Gangetic allavium : 


Cawnpore, Plot W, 3, a, 0°043 0°0277 0°0155 
b, 0°051 0°0325 0:0194 
Cawnpore, Plot W, 11, a, 0°038 0°0255 | 0°01382 
b, ‘éeeeabee 0°027 00119 | 0°0116 
Cawnpore, Plot M, 3, a, 0°054 0°0376 | 070248 
b, 189 0°047 0°0332 0°0233 
Cawnpore, Plot M, 13, a, 140 0°031 0°0153 0°0108 
af | Seekers 0°032 0°0172 0°0085 


phoric acid in Nos. 108 and 109, 110 and 111, 134 and 135, 136 and 
137 can only be due to comparatively large variations in the samples. 

In the meantime, and since the analyses detailed in this communica- 
tion were completed, I have had an opportunity of perusing Dr. Dyer’s 
recent paper on the phosphoric acid and potash contents of the 
Rothamsted wheat-soil (Phil. Trans., 1901, 194, B. 235). Reference is 
made therein to the fact that errors due to sampling occur, but no 
attempt is made to gauge them. It occurs to me that some of the 
analyses of the Broadbalk field supply incidentally a very fair measure 
of this error. 

Supposing that the field was originally quite uniform so far as the 
proportion of total phosphoric acid was concerned, and that no error 
occurred in either the sampling or the chemical analysis, it will be 
clear that the amounts of phosphoric acid found in the 1893 samples 
should vary by the nett quantities of phosphates added to, or lost from, 
the several plots during the fifty years. For example, Plot No. 3 
has been unmanured, and is known to have lost about 467 Ib. P,O, 
in crops. The 1893 samples showed the soil to contain 2956 Ib. 
per acre, and thus, apart from errors, the original soil contained 3423 

VOL, LXXXL. 3.N 


886 LEATHER: THE SAMPLING OF SOILS. 


lb, Plot No. 7 has received 3107 Ib. and has lost 1122 lb. P,O,; 
the 1893 sample showed the land to contain 5056 lb. and hence the 
original soil would have contained 3071 lb. 

Among the errors which undoubtedly play a part in lessening the 
value of any such calculations, that of analysis may certainly be 
neglected. My experience coincides with that of Dyer. I have found 
Hehner’s method extremely accurate. The loss of phosphoric acid 
from the surface soil by drainage has been fully discussed in the paper 
alluded to, and shown to have been greater from plots liberally 
manured with phosphates and other minerals than from the plots 
which received no phosphates. 

As to the original state of the field, if it was not uniform it is 
probable that it varied in some uniform manner, such as a higher pro- 
portion of phosphates at one side than another. If this had been so (and 
excluding errors of sampling), such variations should still be shown 
by the plots on one side of the field containing generally, and after 
allowing for their particular treatment, more phosphates than the plots 
on the other side. Such is not the case. 

The amounts of phosphoric acid, estimated as above indicated to 
have been in the soil of the several plots in 1844 (the farm manure 
plots are excluded as the information regarding the amount of phos- 
phate supplied is uncertain), are as follows : 


Lb. 
P,0, | Addi- | Losses | Salen: 


per acre | tions in in 
found in| manure. | crops. 
1893. 


original 
amount. 


Plot No, 3...) Unmanured. 2956 +467 
Plot No. 4 ...| Unmanured since 1852. $111 +528 
Plot No.10 4) Ammonium salts. 8189 +582 
Plot No. 10B) Ammonium salts. 3267 +650 
Potassium, sodium, and 

magnesium __ sulphates, 


\ ammonium salts, phos- 5056 +1122 


Plot No. 7... 


phate. 
Ammonium salts, _phos- 
Plot No. 13.. phate, and potassium sul- | 5315 +1061 
phate. 
Ammonium salts, | 


Plot No. 14.. 5289 +1016 


phate, and magnesium 
| sulphate. 

{hate salts, phos- 
| 
| 
} 
| 


Plot No. 12.. 5211 +1005 


phate, and sodium sul- 
phate. 

Ammonium salts and phos- 
phate. 

{sia and potassium, 


Plot No. 11.. 5107 +861 


Plot No. 5.... sodium, and magnesium 5678 +674 


sulphates. 
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Theoretically, these amounts should have been all identical. They 
differ because of the errors to which allusion has been made. The two 
which play the most important part would seem to be (a) loss by 
drainage, which Dyer has shown is greater from the plots manured 
with phosphates and minerals than from those such as 10 A and 10 B 
receiving no phosphates ; (b) the method of sampling. On account of 
(a) we should accordingly expect plots 7, 13, 14, 12, 11, 5, to contain 
too little phosphate now, and the figures relating to them in the above 
tableto be too low, ascompared with the other four plots, and thisisactually 
the case. Had the method of sampling been faulty to a greater extent 
than about 1 in 10, there would have been no such uniformity as 
actually occurs in these figures, and it may be assumed that it is at 
least as accurate a method as that adopted in my experiments. Com- 
pared, however, with the samples taken of manufactured goods, this 
error is very great. If two samples of such materials are drawn by 
different men, it is expected that the error shall not be greater than 
about 1 in 100. 

It seems quite possible to reduce very considerably the present 
error incidental to soil samples, and I hope to be able to communicate 
the results of further experiments on the subject at a future time. 


Deura Don, INpIA. 


XC.—Some Excessively Saline Indian Well Waters. 


By Joun WALTER LEATHER. 


I HAD recently occasion to examine some well waters from the Muttra 
District of the United Provinces, which in addition to being unusually 
saline, are interesting from another, the agricultural, point of view. 

The Muttra District lies in the Indo-Gangetic Alluvium, and to the 
south-west side of the River Jumna. The soil is somewhat coarser 
and more open than much of this great belt of alluvium, but it is 
free from stones. 

The analyses are set out in the accompanying two tables (pp. 890, 
891). The local name of each sort is given, but it is apparently of very 
little value as an indication of the nature and amount of the dissolved 
salts, 

Regarding the manner in which the acids and bases are combined, 
all the nitric acid has been calculated as calcium nitrate, The nitrates of 
drainage waters usually consist, for the most part, of the calcium salt, 
and, moreover, in the case of the present samples, there was insufficient 
potash to combine with the nitric acid in all the samples, whereas 
lime was in excess in all of them. 
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Carbonic acid, and, after it, sulphuric acid, have been combined with 
lime, then with magnesia, and the remainder, if any, with soda. Any 
excess of these bases has been combined with chlorine. All potash 
has been calculated as chloride, and any excess of chlorine as sodium 
chloride. 

About one-half of the total salts is, in most cases, sodium chloride. 
The amount of nitrate varies enormously, not only as between waters 
which are classed differently by the cultivator, but even in waters 
which are named identically by him. It seems hardly possible that 
nitrates can have been formed in the presence of so much other salt, 
but if not, then they must have been formed either at a different 
period or in a different place. 

The amount of carbonates (measured alkalimetrically, using methyl- 
orange as indicator) is comparatively small, and varies only im- 
materially, although in three of the samples the amount of carbonic 
acid was more than sufficient to combine with all the lime and magnesia, 
thus proving the presence of potassium or sodium carbonate, 

In addition to the very large amounts of sulphates which most of 
these waters contained, there were three in which the nitric, carbonic, 
and sulphuric acids were insufficient to satisfy all the lime, and the 
remainder was assumed to be calcium chloride. The presence of this 
salt in natural waters is quite exceptional, although probably not more 
so than is the general excessive amount of total salt. 

These waters have also an interest agriculturally. As some of them 
are used for irrigation, they supply an index of the strength of saline 
solutions in which plants can live. 

Throughout the Punjab and the United Provinces are vast areas 
of land which suffer from an accumulation of sodium salts in the 
surface soil. Usually, either the carbonate or sulphate predominates, 
and the chloride is nearly always subordinate. They are similar to the 
“ alkali” lands of some parts of the United States. 

One of the questions whieh the chemist has endeavoured to solve is: 
How much of these sodium salts may be present in a soil without 
causing serious harm to crops, and how much renders the land sterile? 

Hilgard found that barley grew well in soil containing an average of 
0°159 per cent. of sodium salts inthesoil down to 4 feet, whilst the same 
crop failed in the presence of 0°203 percent. Eleusine coracana, a small 
millet, he found to succeed well in soils containing as much as 0-075 
per cent. of salts; and Pennisetum typhoideum, another millet, on soil 
containing 0°056 per cent. Most of the Leguminose suffer more 
readily. Alfafa or lucerne grows with difficulty in the presence of 
0-025 per cent., but Melilotus indica and M. alba succeeded in presence 
of 0°12 per cent. up to 0°18 per cent. (California Bull., No. 128, U.S. 
Dept. of Agriculture), 
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In India, I have found cereals growing well in the presence of 0°099 
per cent. of sodium carbonate, and 0°018 of sodium chloride in the 
Cawnpore District. In the Aligarh District, wheat grew well in one 
case in the presence of 0°044 per cent. of carbonate plus 0°021 of 
chloride, and in another in the presence of 0°137 per cent. of carbonate 
plus 0°062 of chloride. The crop failed, however, in the presence of 
0-193 per cent. of carbonate plus 0°01 of chloride in one plot, and of 
0'251 per cent. of carbonate plus 0°008 of chloride in another (Agric. 
Ledger, 1897, No. 13). 

These Indian records agree very closely with those of Hilgard. There 
is sometimes an apparent contradiction. For instance, if wheat fails 
to grow at all in the presence of 0°193 per cent. of sodium carbonate 
plus 0°01 of sodium chloride, it would hardly be expected to grow 
perfectly in the presence of 0°137 per cent. of carbonate plus 0-062 of 
chloride, which was actually the case at Aligarh. The difference is only 
a small one, and at the most it might be assumed that the crop would 
do a little better in the one case than in the other. One of the instances 
quoted by Hilgard is equally curious. It is probable that the explana- 
tion lies in the respective amounts of rain-water which the several soils 
would allow to enter at the surface. The word “drain” cannot 
here be properly used, because the presence of these salts is a proof 
that the drainage conditions are extremely imperfect. But one soil 
will allow more water to descend into the surface soil than another. 
This would produce more dilute solutions of the salts in the ore case 
than in the other, and it would explain why considerable differences in 
the growth of crops may occur in soils which contain much about the 
same proportion of salts. It is, indeed, a question of concentration of 
solutions that must be considered rather than weight of these salts per 
100 parts of soil or per acre. 

Incidentally, the saline waters which form the subject of this commu- 
nication provide some further evidence on the subject. 

Although so saline, some of them are used for irrigation. The soil 
of the Muttra District is an open, naturally well-drained alluvium, 
and includes no “alkali” lands. There is no material amount of con- 
centration of the salts in the surface soil, and the plant roots are thus 
exposed to solutions of approximately the same strength as the irriga- 
tion water. These well waters are not considered so good as “ sweet ’’* 
water, and among those examined only the “ Mitha bunga ” (124 parts 
and 294 parts of salt) is considered fit for application to the land before 
sowing. Several others, however, are applied to growing crops. “ Khari’’ 
(1023 parts and 388 parts), “ Khari bunga ” (448 parts and 682 parts), 
“Marmora” (319 parts and 313 parts), and “ Marmora telia” (276 
parts and 408 parts of salts) are actually considered better than “sweet” 

* In India the people very commonly apply this term to well-waters as a distinc- 
tion from those which are saline. 
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water for growing cereals. Such a qualification would lead one to 
anticipate the presence of some considerable proportion of nitrates 
in these waters. In some parts of India, very saline well waters are 
applied to land on account of the nitrates which they contain. This 
practice I found in Gujerat (Agric. Ledger, 1895, No. 14). When, how- 
ever, the amount of total salts is high, the water is there mixed with that 
from less saline wells. For instance, in one case the water contained 
about 1400 parts of salts per 100,000, of which about 310 parts were 
sodium nitrate. This water was mixed with about four volumes of 
other less saline water before application to the land. But whilst 
one of the well waters named (No. 66) contained a high proportion, 
and another (No. 76) a moderate proportion of nitrates, the others con- 
tain so little that this cannot be considered as an explanation. 

The remainder of the waters cannot be used for irrigation in the 
absence of a good rainfall. Used alone in dry weather, they are 
practically fatal to crops. Here, as in the case of analyses of alkali 
lands, a distinct line cannot be drawn between waters which are fatal 
to crops and those which are not fatal. But there is general evidence 
that the most that crops such as cereals will bear is a solution con- 
taining some 400 to 500 parts of salts per 100,000; in other words, 
solutions up to 0° per cent. Even if the salts which may be con- 
sidered harmless, namely, calcium nitrate, carbonate, and sulphate, 
magnesium carbonate, and potassium chloride be deducted, there still 
remain in some of the waters which are regularly used for irrigation 
some 400 to 500 parts of harmful salts. More generally, it may be 
assumed that many crops, especially the Legwminose, would suffer in 
solutions of 0°3 per cent. of total salts. 

In order to compare such figures with those showing the proportions 
of salts per 100 parts of soil, it may be assumed that the proportion 
of water in soils varies, shortly after irrigation, from 30 per cent., 
decreasing to 10 per cent. or 15 per cent. according to the nature of 
the soil and climatic conditions. A soil containing 0°1 per cent. of 
salts and 30 per cent. of water may be considered as holding a solu- 
tion of 0°33 per cent. of salts (330 parts per 100,000), and if the pro- 
portion of water fell to 15 per cent., then the solution would become 
one containing 0°66 per cent. of salts. 

Judging by the evidence of the agricultural effects of the well 
waters, such a proportion is as much as cereal crops could be expected to 
bear, and the conclusion would be drawn that a soil containing so high 
a proportion as 0:1 per cent. of total salts could only be expected to 
bear good crops if the water supply be regular throughout the season. 
Generally, this figure agrees with the experience of Hilgard and with 
that obtained at Aligarh in India. 


Deura Dun, InpIA. 
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XCI.—Bromonitro-derivatives of Fluorescein. 
By J. T. Hewirr and Atrrep WILLIAM GEorGE WooDFORDE. 


Some eighteen months ago, one of the authors of the present com- 
munication endeavoured to explain why dinitro- and tetranitro-fluor- 
esceins, in contradistinction to the parent substance, gave non-fluor- 
escent solutions when dissolved in dilute alkalis (Hewitt and Perkins, 
Trans., 1900, '77, 1324). In the paper in question, it was shown that, 
not only does the hydrate of dinitrofluorescein give non-fluorescent 
solutions, but that if dinitrofluorescein itself, as obtained by the acid 
hydrolysis of its diacetyl derivative and containing an intact pyrone 
ring, be dissolved in alkali, the brown solution shows no fluorescence. 

At the time, the following explanation was given : If an o-nitrophenol 
be dissolved in an alkali the metal becomes attached to the nitroxyl 
and not to the hydroxyl group; in consequence of the tautomeric 
quinonoid structure so set up, the usual double symmetrical tauto- 
merism of fluorescein and its derivatives is obscured and the fluor- 
escence disappears. 

One thing is certain, the nitro-groups will enter the fluorescein nucleus 
in the ortho-position relatively to hydroxy! on account of the orientating 
influence of these groups. Losin is the only case in which the orien- 
tation of substituent groups in fluorescein has been fully worked out. 
The bromine atoms occupy the four ortho-positions relatively to the 
hydroxyl groups (Heller, Ber., 1895, 28, 315 ; R. and H. Meyer, Ber., 
1896, 29, 2624). Ot the two possible formule, 


Hof YS °\ Now Ho Non 
NOAA 20. a (Ne 


6 
ono OH. YO 
GO So 


for dinitrofluorescein, the first was regarded as the more probable 
it is now shown, however, that the latter must be regarded as correct. 
In effecting the fission by fusion with alkali, Hewitt and Perkins 
isolated a minute quantity of a substance melting at 114° ; since 4-nitro- 
resorcinol melts at 115°, it was supposed that the substance obtained 
was identical with this. Almost immediately after the publication of 
the paper referred to, one of the authors received a letter from M. 
Reverdin pointing out that L. Matras had some years’ previously 
obtained 2-nitroresorcinol by the fission of dinitrofluorescein (Chem. 
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Zeit., 1895, 19, 408; Arch. Sci. phys. nat., 1895, [iii], 38, 285), and on 
repeating the experiment his results proved to be correct. Dinitro- 
fluorescein or its hydrate is dissolved in hot 10 per cent. sodium hydr- 
oxide solution and warmed until the deep blue colour has disappeared 
and is replaced by a dirty brown shade; the solution is then acidified 
with dilute sulphuric acid and distilled in a current of steam. Nitro- 
resorcinol is found in the distillate; some separates in a crystalline 
form, the remainder may be extracted with ether, and after a further 
recrystallisation from this solvent the orange-red plates can be identi- 
fied by their melting point, 85°. A specimen obtained in this way was 
analysed, with the following result, the gas being measured over 50 
per cent. potassium hydroxide solution : 


0°1342 gave 10°6 c.c. nitrogen at 19° and 742 mm. N=8-79. 
C;H,O,N requires N = 9-05 per cent. 


The other product of fission is difficult to isolate ; doubtless, however, 
it was the substance in a more or less pure condition which showed 
a melting point of 114° and gave rise to the mistaken idea that dinitro- 
fluorescein was a derivative of 4-nitroresorcinol. 

The argument with respect to the formule of the alkali salts, 
representing these substances as possessing the grouping 


0:07 
MNO,:Q. 


(where M=Na, K, &c.), is in no way affected, since whether the nitro- 
groups are in the positions 2 and 7 or 4 and 5, they are in either case 
in ortho-positions relatively to the hydroxyl groups of fluorescein.* 
Another point is, however, raised ; if the nitro-groups in positions 4 and 
5 are favourable to the opening of the pyrone ring, will they have a 
similar action when in positions 2 and 7 ? 

To decide the matter, it was necessary to obtain compounds of the 
desired type, and the most readily obtainable substances for purposes 
of comparison appeared to be the two dibromodinitrofiuoresceins of 
the respective formule 


* With respect to the nomenclature of complicated fluorescein derivatives, it 
seems as if it would be best to look upon them as derivatives of 
NK A ren fluoran, the ring of which must then be numbered in a system- 
4 | 5 atic manner. If Richter’s numbering for the xanthen ring be 
fle NY / adopted and positions in the phthalic acid residue be repre- 
C sented by dashed numbers, the positions in fluoran will then be 

as follows: 
g° yo Fluorescein will become 3°: 6-dihydroxyfluoran, and eosin 
——- 2:4:5:7-tetrabromo-3 : 6-dihydroxyfluoran, or _ shortly 
2:4:5:7-tetrabromofluorescein. This nomenclature has been 
adopted throughout the paper. 
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2 : 7-Dibromo-4 : 5-dinitrofluorescein.—The  dinitrofluorescein used 
for the bromination experiments was prepared essentially according to 
the modification given by Hewitt and Perkins (Trans., 1900, '77, 1326) 
of Baeyer’s original method (Annalen, 1876, 183, 32). The process 
may, however, be somewhat shortened by dissolving 5 grams of fluor- 
escein in 100 c.c. of concentrated sulphuric acid, adding 10 grams of 
nitric acid (sp. gr. 1°36) without any especial precaution with regard to 
cooling, and then allowing the whole to stand for a short time until a 
drop of the acid mixture bviled with an excess of caustic soda shows a 
clear blue colour but no trace of fluorescence. The whole is then 
poured into water, collected, washed, dissolved in 10 per cent. sodium 
hydroxide solution, heated on the water-bath until the solution has 
turned blue, cooled, precipitated with acetic acid, and the precipitate 
collected and recrystallised from dilute spirit. 

The bromination was carried out by mixing solutions in glacial 
acetic acid of 4 parts of dinitrofluorescein hydrate and 3 parts of 
bromine. The mixture was heated to boiling and allowed to cool, 
yellowish-brown needles separated which, although turning dark red 
about 270°, do not melt at 310°. The preparation obtained in this 
way is the anhydrous dibromodinitrofluorescein, the ring apparently 
being closed by the boiling with acetic and hydrobromic acids. For 
analysis, the substance was again recrystallised from ethyl acetate : 


0°1620 gave 0:2444 CO, and 0°0293 H,O. C=41:14; H=2-01. 
02871 ,, 12°7 cc. nitrogen at 16° and 748 mm. N=5'12. 
01386 ,, 0°0902 AgBr. Br=27°65. 

C,,»H,O,N,Br, requires C= 41°38 ; H=1:38; N=4:83; Br=27'58 


The substance dissolves in alcohol, ether, acetone, ethyl acetate, or 
pyridine (? formation of a salt). Caustic soda, if dilute, dissolves it in the 
cold with a brown colour and no fluorescence, the solution readily turns 
blue on warming, the shade developed is rather more inclined to green 
than in the case of 4; 5-dinitrofluorescein. 

Dibromodinitrofluorescein hydrate, C.>H,,0,Br.(NO,)., is obtained by 
acidifying of the blue alkaline solution. The precipitate furnished 
the following numbers after collection, washing, and drying in a 
desiccator (five days over sulphuric acid) : 
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0°1868 gave 0:2700 CO, and 0°0275 H,O. C=39'42; H=1°63. 
C.9H,,0,.N Br, requires C= 40°13 ; H=1°67 per cent. 


This substance dissolves in cold dilute caustic soda solution with an 
immediate blue colour. 

The acetyl derivative, C,,H,O,Br,(NO,),(0°CO°CH,),, was obtained by 
boiling the substancein areflux apparatus for about 1 hour with four times 
the weight of acetic anhydride. The substance, which is sparingly soluble 
in all the usual solvents, separates from the acetic anhydride during 
the progress of the acetylation ; for purification, it was dissolved in a 
large quantity of acetone, a small quantity of alcohol added, and the 
acetone evaporated off at a gentle heat. White crystals were obtained 
melting at 276° with decomposition : 


0°1136 gave 0°0651 AgBr. Br=23°76. 
C,,H,,0,,N,Br, requires Br = 24°10 per cent. 


The benzoyl derivative, C,.H,O,Br,(NO,),(O°CO-C,H;,),, was pre- 
pared by boiling dibromodinitrofluorescein in a reflux apparatus with 
four times its weight of benzoyl chloride until the evolution of hydro- 
gen chloride had ceased (about 1 hour). The product was poured into 
spirit ; a pasty mass separated, turning to a yellow, crystalline powder 
when stirred. This was filtered off, washed with spirit, and recrystal- 
lised from benzene. Pale yellow fcrystals are thus obtained; a 
subsequent recrystallisation from ethyl acetate furnishes colourless 
needles which melt at 315° with decomposition : 


0°1284 gave 0°2419 CO, and 0:0318 H,O. C=51:37 ; H=2°75. 
C,,H,,0,,N,Br, requires C=51:77 ; H=2-03 per cent. 


Salts of 2: 7-Dibromo-4 : 5-dinitrofluorescein.—A solution of the 
sodium salt was obtained by dissolving the acid to saturation in boiling 
sodium carbonate solution ; on sufficient concentration, crystals (ap- 
parently regular tetrahedra) were deposited. After drying in the air, 
these furnished the following numbers on analysis : 


0°1807 lost 0°0310 H,O at 110°. H,O=5°82. 
C,,H,O,N,Br,Na,,2H,O requires H,O = 5°46 per cent. 


0°1497 dried salt gave 0:0331 Na,SO, Na=7'17. 
C,,H,O,N,Br,Na, requires Na =7°38 per cent. 


This salt dissolves in water with an orange-brown shade, obviously 
as a derivative of a substance containing the pyrone ring intact. On 
boiling the aqueous solution, the colour does not alter; addition of 
sodium hydroxide to the boiling aqueous solution immediately changes 
the colour to dark blue. The orange solution furnishes the following 
precipitates. 


a_, 
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Silver Nitrate.—Orange precipitate, soluble in boiling water and 
separating as a crimson, crystalline powder on cooling. 

Mercurous Nitrate.—Flocculent red precipitate. Insoluble in boil- 
ing water, but becoming more crimson in shade when heated. 

Lead Acetate-—Orange precipitate, soluble in much boiling water. 
Separates on cooling as small crystals possessing a bronzy glance. 

Mercurie Chloride.—No precipitate with moderate concentrations . 
either hot or cold. 

Cadmium Sulphate.—Orange precipitate, soluble in boiling water, 
separates as an orange powder on cooling. 

Copper Sulphate.—Y ellowish-orange precipitate, becomes crystalline 
on boiling. 

Aluminium Sulphate.—Orange precipitate, dissolves to a certain 
extent on boiling. 

Chromium Chloride (green solution).—Dirty brown precipitate. 

Ferric Chloride.—Flocculent orange-brown precipitate. 

Ferrous Sulphate.—Flocculent orange precipitate. 

Zine Sulphate.—No precipitate with moderate concentration either 
hot or cold. 

Barium and Calcium Chlorides.—Orange precipitates, somewhat 
soluble. 

Magnesium Sulphate.—No precipitate with moderate concentra- 
tions. 

Dyeing Experiment.—Silk was dyed with a 24 per cent. solution of 
2: 7-dibromo-4 : 5-dinitrofluorescein in the form of its hydrate. The 
colour produced is orange, the shade is altogether much yellower 
than that given by eosin, and much resembles that given by tetra- 
nitrofluorescein. Dinitrofluorescein hydrate gives a pale yellow on 
silk, the colours produced generally by nitrofluoresceins with nitro- 
groups in positions 4 and 5 are those generally associated with nitro- 
phenols. 

4: 5-Dibromo-2 : 7-dinitrofluorescein is obtained either by the nitration 
of 4: 5-dibromofluorescein or by the action of bromine on tetranitro- 
fluorescein. The necessary dibromofluorescein was prepared by Baeyer’s 
method and recrystallised from a mixture of alcohol and acetic acid. 
In addition to Baeyer’s description of this compound, we may add that 
we obtained the benzoyl derivative by boiling the substance in a reflux 
apparatus with twice its weight of benzoyl chloride until the evolution 
of hydrogen chloride ceased. The product was poured into alcohol, 
and when the mass had set hard it was roughly purified by solution in 
benzene and precipitation with petroleum spirit, and then twice re- 
crystallised from benzene. Small, colourless needles melting at 
240—244° were obtained : 
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0°1123 gave 0°2420 CO, and 0:0273 H,O. C=58:°77 ; H=2°50. 
C,,H,,.0,Br, requires C= 58°45 ; H = 2°58 per cent. 


Nitration of Dibromofluorescein.—Ten grams of dibromofluorescein 
were dissolved in 300 grams of concentrated sulphuric acid and cooled 
to 0°. A mixture of 5 grams of nitric acid (sp. gr. 1:36) and 20 grams 
of concentrated sulphuric acid was added drop by drop, the mixture 
being well stirred meanwhile. The acid was then poured on to crushed 
ice, the precipitate collected, well washed, and recrystallised from hot 
acetone or a mixture of acetone and 50 per cent. acetic acid. The 
yield of dried crude product, adopting the precaution of cooling above 
mentioned, is 115 per cent. on the weight of the dibromofluorescein or 
90 per cent. of the theoretical : 


01847 gave 0°2788 CO, and 0:0246 H,O. C=41:68; H=1°47. 
C,,H,O,N.Br, requires C= 41°38 ; H=1°38 per cent. 


The substance, although becoming dark red in colour when heated, 
does not melt even at 310°; it is very sparingly soluble in the usual 
organic solvents, but taken up fairly easily by hot acetone, especially 
when freshly precipitated. The solution in alkalis is a magnificent 
crimson in shade and exhibits no fluorescence. Silk is dyed a crimson 
purple from neutral solution in presence of sodium sulphate, but the 
colour is readily discharged by mineral acids. The alkaline solution, 
even if boiled for some time, shows no indication of opening of the 
pyrone ring, from which we conclude that the nitro-groups, if in 
para-positions relatively to the pyrone oxygen atom, do not conduce to 
the same easy hydrolysis with alkali which they do if they are in the 
ortho-position. 

Action of Bromine on Tetranitrofluorescein.—If tetranitrofluorescein 
be covered with eight times its weight of glacial acetic acid and its own 
weight of bromine be added, oxides of nitrogen are evolved on gentle 
warming and the reaction is soon completed. The substance may be 
collected and purified in the usual manner. The fact that two nitro- 
groups may be eliminated and replaced by bromine has already been 
noticed by Baeyer ; it is not, however, perfectly clear from his descrip- 
tion whether the same product is obtained as that produced when nitric 
acid acts on dibromofluorescein, or whether it is the substance formed 
on brominating dinitrofluorescein. That confusion has arisen is obvious 
from the following account of the preparation of dinitrodibromo- 
fluorescein given in Morley and Muir’s Dictionary (1888, vol. I, p. 591). 
“From dibromofluorescein and HNO, or from dinitrofluorescein and 
Br.” It would be remarkable if the same substance were produced by 
the two different methods ; experiment shows that the two compounds 
are entirely distinct in properties. The identity of the substance 
obtained with that produced by nitrating dibromofluorescein was 
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established by a dye trial, the skeins dyed with the two preparations 
showing precisely the same shade, quite different from that produced 
by the isomeric compound. 

Acetyl Derivative.—Two grams of 4 : 5-dibromo-2 : 7-dinitrofluorescein 
were boiled in a reflux apparatus for 3 hours with 8 grams of acetic 
anhydride. On pouring into 50 c.c. of spirit, the acetyl derivative 
separated in brownish needles. For purification, the substance was 
dissolved in boiling ethyl acetate, the solution filtered, and an equal 
bulk of spirit added, The crystals deposited were collected ; a further 
crop was obtained from the mother liquor : 


0:1415 gave 0°2210 CO, and 0°0320 H,O. C=4259; H=2°51. 
C,,H,,0,,N,Br, requires C = 43°37 ; H=1°83 per cent. 


The substance melts at 215° and is but sparingly soluble in most 
solvents ; esters and benzenoid hydrocarbons take it up with greater 
ease than do the alcohols. 

The benzoyl derivative was prepared by boiling the dibromodinitro- 
compound with five times its weight of benzoyl chloride for half-an- 
hour, pouring the product into spirit, and stirring until hard. Puri- 
fication was effected by solution in chloroform, adding spirit, and 
allowing the substance to crystallise slowly. Small, colourless needles 
were obtained ; when heated, these redden and finally melt at 301° 
with decomposition : 


0°1118 gave 0:2120 CO, and 0°0256 H,O. C=51°'75; H=2°54. 
C,,H,,0,,N,Br, requires C=51'77 ; H=2-03 per cent. 


The sodiwm salt was prepared by dissolving 4 : 5-dibromo-2 : 7-dinitro- 
fluorescein to saturation in hot sodium carbonate solution. The salt 
produced appears to crystallise in an anhydrous state; after drying 
in the air, it lost only 1:02 per cent. at 110°. The dried salt was 
analysed, with the following result : 


0°1020 gave 0°0210 Na,SO,. Na=6°68. 
C,)H,0,N,Br,Na, requires Na=7'17 per cent. 


An aqueous solution exhibited the following reactions with solutions 
of salts : 

Silver Nitrate.—A crimson precipitate somewhat soluble in water. 

Mercwrous Nitrate.—A scarlet, insoluble precipitate. 

Mercurie Chloride.—No precipitate with cold dilute solutions, turbid- 
ity produced on boiling. 

Lead Acetate.—Crimson precipitate, somewhat soluble in water. 

Copper Sulphate.—Greyish-brown, insoluble precipitate. 

Cadmium Sulphate.—Pink, insoluble precipitate. 
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Aluminium Sulphate.—Pink precipitate. 

Ferrous Sulphate.—Reddish-brown precipitate. 

Ferric Chloride.—Reddish-brown, flocculent precipitate. 

Zine Sulphate.-—Red, crystalline precipitate, distinctly soluble in 
water. 

Barium and calcium chlorides give no precipitates at moderate dilu- 
tions in the cold, but crimson, crystalline powders are deposited on 
heating. 

Magnesium Sulphate.—A flocculent, light pink precipitate. 

One further point deserves attention. Reverdin has shown that 
4:5-dinitrofluorescein, when treated with ammonia solution, turns 
orange owing to the formation of a yellow dyestuff, in which the pyrone 
oxygen atom is replaced by an imino-group (Ber., 1897, 30, 332). 

2: '7-Dibromo-4 : 5-dinitrofluorescein apparently behaves in a 
perfectly similar fashion ; when covered with ‘strong ammonia and 
then heated, a brown solution is obtained, the colour of which is not 
changed to blue even on boiling with caustic soda. The behaviour of 
4: 5-dibromo-2 : 7-dinitrofluorescein is, however, quite different ; even 
boiling with strong ammonia solution results only in the development 
of the same shade as is obtained with caustic soda ; the oxygen of the 
pyrone ring is firmly attached in this compound, so that the nitro- 
groups must necessarily be in ortho-positions relatively to the pyrone 
oxygen atom before exerting any appreciable influence upon it. 


In conclusion, we wish to state that the expenses incurred in this 
work have been defrayed out of a grant received from the Govern- 
ment Grant Committee of the Royal Society. 
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XCII.—Studies in the Tetrahydronaphthalene Serves. 
I. The Diazoamino-compounds of ar-Tetrahydro- 


B-naphthalene. 
By Ciarence Smita, B.Sc., A.R.C.S. 


ar-TETRAHYDRO-8-NAPHTHYLAMINE, according to Bamberger, is a base 
having the properties of a benzenoid amine, and in this respect differs 
from its alicyclic isomeride and also from B-naphthylamine (Bamberger, 
Ber., 1887, 20, 2915; Bamberger and Miller, 1888, 21, 847, 1112; 
Bamberger and Bordt, 1889, 22, 625 ; Bamberger and Kitschelt, 1890, 
23, 876). 
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The reactions of the aromatic base have not been exhaustively 
studied owing to the fact that it is the bye-product of the hydrogen- 
ation of B-naphthylamine, the main reaction resulting in the formation 
of its isomeride. ar-Tetrahydro-B-naphthylamine can be diazotised, 
and is stated to yield azo-colouring matters with diazonium salts (Ber., 
1890, 23, 883), but no experimental evidence has been published in 
support of the latter assertion. 

The production of azo-compounds without the intermediate formation 
of diazoamines, if it could be substantiated, would tend to show that 
the aromatic base still retains its naphthalenoid character, but the 
results established in the present paper show that this is not the case, 
and that a7-tetrahydro-8-naphthylamine behaves towards diazonium 
salts as would be expected from its formula, yielding diazoamines and 
not aminoazo-compounds, thus confirming Bamberger’s view that it 
resembles the monoamines of the benzene series, 

This result is of much interest, because Bamberger and Bordt (Ber., 
1889, 22, 625) have shown that a7-tetrahydro-a-naphthylamine, which, 
from its formula, might be expected to behave like 2 :3-xylidine and 
produce diazoamino-compounds, does not react in this way, but, contrary 
to expectation, forms aminoazo-compounds, in this respect resembling 
the parent substance, a-naphthylamine. 

The diazoamines of ar-tetrahydro-8-naphthalene have the general 
colour and appearance of the benzenoid diazoamines, are decomposed 
by cold concentrated hydrochloric acid, and can be obtained in accord- 
ance with Griess’s observation, either by the action of a benzenedi- 
azonium salt on the tetrahydro-base, or by condensing the benzenoid 
amine with ar-tetrahydro-8-naphthalenediazonium chloride. For 
example, the compound produced by the interaction of diazotised 
p-toluidine and ar-tetrahydro-8-naphthylamine is identical with that 
obtained by condensing p-toluidine with the diazotised aromatic base. 
The same holds true in the case of p-bromoaniline and the hydrogenised 
base. 

The results recorded in this paper may be summed up as follows: 

Diazoamines of ar-tetrahydro-8-naphthalene have been prepared 
from the diazonium salts of ar-tetrahydro-B-naphthylamine ; B-naph- 
thylamine ; p-toluidine ; o-toluidine ; p-nitroaniline o0-nitroaniline ; and 
p-bromoaniline. 

Azo-compounds have been obtained from the diazotised aromatic 
base with B-naphthylamine and with -naphthol. 

The behaviour of the diazonium salts of m-nitroaniline and of 
m-chloroaniline towards ar-tetrahydro-B-naphthylamine is peculiar. 
Undoubtedly, diazoamines are produced in each case. They cannot be 
isolated, however, for they change, slowly at 0° and instantly at the 
ordinary temperature, into exceedingly viscid, dark red substances, 

VOL. LXXXI. 3 0 


902 SMITH : STUDIES IN THE 


That this transformation is not due to the subsequent formation of 
aminoazo-compounds, brought about by the presence of an open para- 
position in the benzene nucleus, is proved by the fact that o-nitro- 
aniline gives a stable diazoamino-compound. 

A satisfactory explanation of the change has not yet been obtained, 
and the point will receive further attention. 

If ar-tetrahydro-8-naphthylamine retains in any degree the charac- 
teristics of B-naphthylamine, it ought to be an easy matter to transform 
diazoaminotetrahydro-B-naphthalene in such a manner that the diazo- 
group enters the a-position contiguous to the aminic nitrogen, thus 
giving rise to an azo-compound. Since such a transformation has not 
been effected, the conclusion may be drawn that in the diazoamines 
of tetrahydro-8-naphthalene the tendency of the diazo-group to migrate 
into the contiguous a-position is not, at the most, greater than its 
tendency to enter the ortho-position in the amines of the benzene 
series. 


EXPERIMENTAL. 


p-Toluenediazoaminotetrahydro-B-naphthalene, CH,*C,H,*N,H:C,,H,,. 


This compound is slowly precipitated as a light yellow, ochreous 
solid on adding excess of sodium acetate solution to a hydrochloric acid 
solution containing equivalent quantities either of p-toluenediazonium 
chloride and ar-tetrahydro--naphthylamine, or of ar-tetrahydro-B-naph- 
thalenediazonium chloride and p-toluidine. 

After 15 hours, the product is collected, washed, dried, and crystal- 
lised from a hot mixture of alcohol and toluene in equal volumes ; it 
separates from this solvent in straw-coloured flakes which melt at 107°. 
The substance is readily soluble in alcohol, benzene, or chloroform, but 
only sparingly so in light petroleum. The product obtained by each 

of the methods of preparation was analysed : 


let Preparation : 
0°1439 gave 19:1 c.c. moist nitrogen at 15° and 758 mm. N=15°50. 


2nd Preparation : 


00870 gave 11°7 c.c. moist nitrogen at 15° and 758 mm. N = 15°75. 
C,,H,,N, requires N = 15°85 per cent. 


A mixture of the two preparations has a melting point identical 
with that of either product taken separately. 

Decomposition of p-Toluenediazoaminotetrahydro-B-naphthalene by 
Cold Hydrochloric Acid.—The method employed was that devised by 
Meldola and Streatfeild (Trans., 1887, 51, 438), Three grams of the 
diazoamine were treated for 3 hours with 15 c.c. of concentrated 
hydrochloric acid at 0°. The contents of the beaker, slightly diluted 
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with water, were slowly filtered into a cooled alkaline solution of 
B-naphthol containing a small quantity of ammonium hydroxide, the 
odour of which served to indicate the alkalinity of the mixture. The 
residue on the filter was again digested with hydrochloric acid and 
filtered into the B-naphthol solution. The bright red precipitate thus 
obtained was collected, washed once with water, extracted three times 
with hot dilute hydrochloric acid, and finally washed with hot water 
and dried. 

The dried substance was separated by fractional crystallisation 
from hot alcohol into two portions, the one consisting of vermilion-red 
crystals with a green reflex, very sparingly soluble in hot alcohol 
and melting at 153°, the other of bright red crystals melting at 
109°. 

The former substance was identified as ar-tetrahydronaphthaleneazo- 
B-naphthol, C,,H,,*N,°C,,H,*OH, a compound prepared by adding a 
solution of ar-tetrahydro-8-naphthalenediazonium chloride to an 
alkaline solution of B-naphthol. This substance separates from hot 
alcohol in vermilion-red crystals having a green reflex and melting at 
153°. It is insoluble in caustic soda, sparingly soluble in alcohol, and 
gives a crimson colour with concentrated sulphuric acid : 


0:1048 gave 8°7 c.c. moist nitrogen at 20° and 766 mm. N=9°57. 
Cy 9H,,ON, requires N = 9°27 per cent. 


The bright red crystals melting at 109° consist probably of a mix- 
ture of ar-tetrahydronaphthaleneazo-8-naphthol and p-tolueneazo-- 
naphthol (m. p. 134°). 

The basic products of the decomposition remaining in the acid fil- 
trates from the azo-compounds were set free and acetylated by boiling 
for 3 hours with glacial acetic acid and acetic anhydride. The mixed 
acetyl derivatives, obtained by adding water to the glacial acetic acid 
solution, were extracted with hot water. The greater part dissolved, 
leaving an oily residue, and the solution, on cooling, yielded a crop of 
white crystals which, after recrystallisation, melted at 146° and proved 
to be identical with aceto-p-toluidide (m. p. 147°), a mixture of the 
two substances having the same melting point. 

The insoluble oily residue from the aqueous extract crystallised from 
hot dilute acetic acid in needles melting at 101°. The quantity ob- 
tained was too small for further purification, but it did not depress the 
melting point of aceto-ar-tetrahydro-B-naphthalide (m. p. 106°) by 
more than 1°. 

These results show that the decomposition of this mixed diazoamine 
of the tetrahydro-8-naphthalene series by cold hydrochloric acid follows 
the usual mode of fission already noticed in the case of its benzene 
analogues, the compound yielding two primary amines, p-toluidine and 
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ar-tetrahydro-8-naphthylamine and two diazonium salts, p-toluene- 
diazonium chloride and ar-tetrahydro-B-naphthalenediazonium chloride. 

The brown, oily product obtained when o-toluidine is employed in- 
stead of p-toluidine appears to be a diazoamine, since it is decomposed 
by cold hydrochloric acid, the products of fission yielding azo-com- 
pounds with 8-naphthol. 


p-Nitrobenzenediazoaminotetrahydro-B-naphthalene, 
NO,°C,H,'N,H°C,,H,,. 


This was prepared by adding sodium acetate to a solution of p-nitro- 
benzenediazonium chloride and ar-tetrahydro-B-naphthylamine hydro- 
chloride ; it separated as a bulky, reddish-brown precipitate, which 
after repeated crystallisation from alcohol and toluene was obtained 
in well-defined, chocolate-brown prisms melting at 179° with violent 
decomposition : 


0°1051 gave 16:9 c.c. moist nitrogen at 15°5°and 770 mm. N =19-05. 
C,,H,,0,N, requires N = 18-92 per cent. 


The diazoamine is readily soluble in alcohol, benzene, or chloroform, 
" but dissolves only sparingly in light petroleum. When mixed with 
alcoholic sodium hydroxide, it yields a deep purple solution of its 
sodium derivative. 

In this instance, it is not possible to prepare the diazoamine by the 
interaction of ar-tetrahydro-8-naphthalenediazonium chloride and 
p-nitroaniline ; the condensation does not occur in aqueous, alcoholic, 
or glacial acetic acid solutions. 


o-Nitrobenzenediazoaminotetrahydro-B-naphthalene, 
NO,°C,H,°N,H:C,,H,,. 


This substance is readily obtained by coupling o-nitrobenzenedi- 
azonium chloride with tetrahydro-8-naphthylamine in dilute acetic 
acid, although the latter base, when diazotised, does not, under these 
conditions, condense with o-nitroaniline. The product, a reddish- 
brown, ochreous precipitate, is easily soluble in alcohol or benzene, but 
dissolves only sparingly in light petroleum. After three crystallisa- 
tions from alcohol and toluene, it separates in yellow plates which 
melt at 134°: 


00631 gave 10 cc. nitrogen at 15°5° and 770 mm. N=18°78. 
C,,H,,O.N, requires N = 18°92. 


Although the diazonium salts derived from the o and p-nitroanilines 
combined with tetrahydro--naphthylamine, yielding well-defined diazo- 
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amines, it was not possible to isolate the isomeride from mz-nitro- 
aniline. 

A solution of diazotised m-nitroaniline and tetrahydro-8-naphthyl- 
amine, when treated with excess of sodium acetate, gave rise toa 
salmon-pink precipitate which slowly changed at 0° into a viscid, dark- 
red liquid, the same transformation occurring rapidly at the ordinary 
temperature. All attempts at crystallisation have failed, the substance 
separating in the viscid form and gradually acquiring the consistence 
of sealing wax. A diazoamine is probably present, since the products 
of decomposition with hydrochloric acid yield red azonaphthols. 


p-Bromobenzenediazoaminotetrahydro-B-naphthalene, 
C,H,Br°N,H°C,,H,,. 

This compound can be prepared in two ways, either by condensing 
p-bromobenzenediazonium chloride with a7-tetrahydro-£-naphthylamine, 
or by treating the diazotised tetrahydro-base with p-bromoaniline. The 
former method is preferable. The diazoamine, when thrice crystallised 
from alcohol and toluene, separates in primrose-yellow, silky needles 
which melt at 134°. The identity of the products obtained by the two 
methods of condensation is proved by comparing the melting point of 
each with that of a mixture of the two, and also by analysis : 


lst Preparation : 
01684 gave 0°0961 AgBr. Br=24°28. 
01029 ,, 11:4 ¢.c. moist nitrogen at 18°5° and 756 mm. N=12°69. 


2nd Preparation : 
0:0676 gave 0°0384 AgBr. Br= 24:17. 
C,,H,,.N,Br requires Br= 24:24 ; N=12°72 per cent. 


An attempt to condense diazotised m-chloroaniline with tetrahydro- 
B-naphthylamine gave a result comparable with that obtained in the 
case of m-nitroaniline ; the yellowish-brown solid precipitated on the 
addition of sodium acetate rapidly changed to a viscid, red, oily pro- 
duct from which nothing crystalline could be extracted. 

The peculiar behaviour of meta-substituted amines is still under 
investigation, and it is worthy of note that the effect just described 
only occurs with m-amines and with B-naphthylamine. 


Diazoaminotetrahydro-B-naphthalene, C,)H,,N*N,H°C,,H,,. 


This is obtained by adding sodium acetate to a hydrochloric acid 
solution of tetrahydro-8-naphthalenediazonium chloride, and tetrahydro- 
B-naphthylamine ; when crystallised from light petroleum it separates 
in well-defined, amber-coloured prisms melting at 104°; it is readily 
soluble in the ordinary organic solvents : 
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0°1374 gave 15°8 c.c, nitrogen at 14° and 756 mm. N=13°46. 
C.,H.,N, requires N = 13°77 per cent. 


The following experiment was performed with the view of trans- 
forming diazoaminotetrahydro-@-naphthalene into the aminoazo-com- 
pound. 

Four grams of the substance, 0°5 gram of ar-tetrahydro-B-naphthy]l- 
amine, and 0°5 gram of the chloride dissolved in alcohol were allowed 
to stand for four days. Evaporation of the solvent yielded a tarry 
residue, from which neither alcohol nor dilute acid extracted any azo- 
compound. The tar was then shaken with sodium hydroxide and 
benzoyl! chloride, but a solid product could not be isolated. 

The fact that transformation does not occur in this case indicates 
that the hydrogen in the a-position contiguous to the aminic nitrogen 
in tetrahydro-f-naphthylamine is not more reactive than that in the 
ortho-position in an amine of the benzene series, 


B-Naphthalenediazoaminotetrahydro-B-naphthalene, C,,H,"N,H-C,,H,,- 


This compound is produced by filtering a diazotised solution of B- 
naphthylamine into one containing tetrahydro-B-naphthylamine dis- 
solved in dilute hydrochloric acid, and treating the mixture with sodium 
acetate.. The precipitated diazoamine, which at first is yellow, slowly 
assumes a red colour. It crystallises from light petroleum in lustrous 
yellow plates which melt at 137:5°: 


0°1202 gave 14°6 c.c. moist nitrogen at 21°5° and 764mm, N=13°87. 
C.,H,,N, requires N = 13-95 per cent. 


Tetrahydro-B-naphthaleneazo-B-naphthylamine, C,,H,,°N,°C,,H,*NH,. 


This substance is produced in the calculated quantity when sodium 
acetate is added to a hydrochloric acid solution of tetrahydro-B- 
naphthalenediazonium chloride and B-naphthylamine. The yellow solid 
at first precipitated changes into a dark red substance which crystal- 
lises from alcohol in dark red tablets melting at 130°. It is much 
less soluble in the ordinary solvents than the isomeric diazoamine : 


00771 gave 9°2 c.c. nitrogen at 18° and 764 mm. N=13°86. 
C,,H,,N, requires N =13°95 per cent. 


It might be mentioned that tetrahydro-B-naphthylamine is much 
more easily diazotised than f-naphthylamine itself, the solution not 
being rendered turbid by the formation of bye-products. 
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XCIII.—The Variation with Temperature of the Surface 
Energies and Densities of Inquid Oxygen, Nitrogen, 
Argon, and Carbon Monoxide. 

By E. C. C. Baty and F. G. Donnan. 


THE object of the following investigation was to determine the temper- 
ature variation of the surface-tension of liquids at very low temperatures, 
and, in particular, to compare the behaviour of argon in this respect 
with that of other elementary substances. The method of capillary 
elevation in narrow tubes was employed. During the course of our 
experiments, a paper was published by L. Grunmach, on the surface- 
tension of liquid air, in which an account is given of measurements 
made by the method of capillary ripples. We have compared our 
results with those obtained by Grunmach on the assumption that the 
“law of mixtures” can be applied (see page 922). 


Regulation and Measurement of Temperature. 


For the measurement of temperature, the slightly modified form of 
Callendar’s compensated constant pressure hydrogen thermometer 
already described by one of us was employed (Phil. Mag., 1900, 
[v], 49, 517). The tube in which the gases were liquefied was sur- 
rounded by a vacuum-jacket containing liquid air which could be con- 
nected with a double-action Fleuss exhaust pump, so that the temper- 
ature was readily altered by reducing the pressure under which the 
liquid boiled. The temperature could also be changed by sucking 
liquid air, of varying composition, into the jacketing vessel. A fine 
current of dry air, free from carbon dioxide, was allowed to bubble 
through the liquid in the jacket, just as in the distillation of an ordinary 
liquid under reduced pressure. By this means, and by careful adjust- 
ment of a screw-clip on the exhaust pipe, it was found possible to 
maintain the temperature constant at any given point for a space of 
time which was quite sufficient to annul any possible lag. The highest 
temperatures were obtained by allowing liquid air, rich in oxygen, to 
boil under ordinary atmospheric pressure. 


Calibration of the Capillary Tubes. 


These tubes were drawn from ordinary German soda-glass and care- 
fully cleaned with chromic acid. They were each calibrated over a 
considerable length by measurement of the capillary rise in benzene 
and ethyl acetate. This was carried out in an H-shaped vesseljfrom 
which the air had been exhausted, the second limb of which enabled the 
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level of the liquid in the other limb to be readily varied, and so the 
capillary rise at different points to be determined. It was found that 
values of the radii calculated from the rise in benzene at 100° and that 
in ethyl acetate at 12—13° agreed within 0°16 per cent. These values 
were subsequently checked by optical measurement, but owing to the 
unsymmetrical section of the capillary tubes, it was not possible to 
obtain an accurate determination by this means. After the capillary 
tubes had been calibrated, measured lengths were cut off, so that during 
the subsequent determinations of the capillary rise in the liquefied 
gases, the capillary meniscus always stood at points in the tubes lying 
within the calibrated regions. The required values of the radii were 
then read off from the calibration curves. 


Preparation of the Gases. 


Oxygen.—Prepared by heating potassium permanganate, and purified 
from carbon dioxide by passing over soda-lime. — 

Nitrogen.—Prepared by running ammonium chloride solution into 
strong hypobromite solution ; freed from ammonia by passing through 
dilute sulphuric acid, and purified by passing over red-hot copper and 
copper oxide. Stored in a gas holder over sodium hydroxide solution 
containing suspended ferrous hydroxide. 

Carbon Monoxide.—Obtained by running concentrated formic acid 
into concentrated sulphuric acid. Purified by passing over soda-lime. 

Argon.—Obtained from Prof. Ramsay and Dr. Travers. 


All the gases were dried by phosphoric oxide before entering the 
apparatus. 


Determination of Density. 


The densities of the liquefied gases were determined in the following 
manner. The gas was liquefied by admitting it into an exhausted bulb 
of known volume jacketed in liquid air boiling under reduced 
pressure. The height of the liquid in the calibrated capillary stem 
to which the bulb was attached was read by means of a telescope 
provided with an ocular micrometer. In this way, the volumes 
occupied by a given mass of liquid at various temperatures were ascer- 
tained. In order to determine this mass, the liquid was allowed to boil 
off into a space of known volume, when the temperature and pres- 
sure of the resulting gas were ascertained. Corrections were intro- 
duced for the gas contained in the unavoidable dead space between 
the top of the liquid column and the tap, and for the volume-contraction 
of the bulb. In making the former correction, the temperature and 
pressure of the gas were known, and from these the density was calcu- 
lated by assuming the simple gas laws, This approximation is 
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sufficiently accurate, as the correction to be applied is small. For the 
latter correction, the mean coefficient of linear expansion of German 
soda-glass, betweer: 15° and — 190°, as determined previously by one of 
us, wasemployed. This value is 0°0000075. The volume of the space 
into which the liquid evaporated was determined by exhausting it toa 
known amount, and weighing the water displaced by the gas which had 
been pumped out. After making all the necessary corrections, it was 
found that this volume could be determined correctly to 1 part in 2500. 


Measurement of Surface- Tension. 


The capillary tubes were fastened by fine wire to a small millimetre 
scale* (ruled by Zeiss). This was held in a vertical position in the 
tube in which the gas was liquefied. The positions of the menisci were 


Fie. 1. 


read by means of the telescope and micrometer previously referred to. 
This telescope was mounted on a metal shafting attached to a wooden 
beam extending from the floor to the ceiling. The horizontality of the 
telescope was secured by Lord Rayleigh’s method of adjusting the sup- 
port until the cross-wire of the micrometer can be made to coincide 
with the menisci of three mercury columns contained in three con- 
nected glass tubes. About 80 divisions of the micrometer corresponded 
to 1 mm. on the scale. 

The arrangement of the various parts of the apparatus and the 
method of working can be best explained by a reference to Fig. 1. 

The bulb of the hydrogen thermometer, shown at A, is connected by 
fine-bore capillary tubing, B, to the reading burette and gauges of the 
thermometer. The compensating tube is not shown in the figure. C is 


* This scale was compared over its whole length by means of a Hilger travelling 
microscope and found to be quite concordant. 
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the tube in which the gases were liquefied for the surface-tension 
measurements. It was replaced by a small bulb in the density deter- 
minations. £# is the vacuum jacket into which the liquid air was 
sucked by means of the tubes H and G, being filtered through animal 
wool contained in the tube G. / connects to the exhaust pump. Any 
frosting or bedewing of the outside surface of the vacuum jacket was 
effectually prevented by the outer glass cylinder, J, containing air dried 
by phosphorus pentoxide. and WN are the large volume vessels into 
which the liquefied gas was allowed to evaporate in the determinations 
of density, the pressure being measured by the mercury manometer, L, 
which was furnished at its lower end with a movable mercury 
reservoir. 

The gas to be liquefied was admitted through taps J and P, passing, 
on its way, through the tubes 2 and § containing soda-lime and phos- 
phoric oxide respectively. The mercury gauge, Q, served to indicate 
the pressure of the entering gas and also acted as a blow-off. The tap 
O connects to the Tépler pump, J. 

At 6 is shown the bottle into which air was pumped from the vessels 
M and N in the volume determination. The displaced water escaped 
through c. Pressure was adjusted by the water gauge, d. 


Densities of the Liquefied Gases, 


‘For oxygen, nitrogen, and carbon monoxide, a bulb of capacity about 
21 c.c. at 12° was employed, the capillary stem of which had a volume 
of 0:0033 c.c. per mm. In the case of argon, a bulb of volume 0°65 c.c. 
was used, the capillary having a capacity of 0°0012 ¢.c. per mm. 

The correction due to contraction on cooling amounted to 0:0104 c.c. 
in the former, and to 0°0030 c.c. in the latter case. 

In the following tables of experimental data, the expression “ cor- 
rected mass”’ refers to the correction made for the small quantity of 
uncondensed gas contained in the upper portion of the stem of the 
density bulb. 

When the densities were plotted against temperature, it was found 
that the relation was linear within the temperature limits of our ex- 
periments. Values, read from the straight lines so obtained, are given 
for every half-degree in the succeeding tables, as well as the actual 
experimental data : 


Oxygen. 
Data for calculation of uncorrected mass, 
Volume = 2526°5 cc. 
Pressure = §83°8 mm. 
Temperature= 14:8°. 
Mass =  2°6316 gtams 
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TABLE I.—Densities of Liquid Oxygen. 


Temperature. Volume. | Corrected mass. Density. 


69°28° 2°1155 c.c. | 2°6314 grams. 1°2439 
69°48 2°1200 ,, | 26314 ,, 1°2412 
72°59 2°1470 2°6313_—sé=é~“; 1°2256 
77°17 2°1847 2°6310_ —,, 12043 
77°19 2°1836 2°6310_ ,, 1°2049 
85°18 2-2552 2°6302_,, 1°1663 
85°60 22584 26302 ,, 1°1646 
86°06 2°2622 | 26301 ,, 1°1626 
86°51 2°2693 | 2°6300 1°1590 
87°16 2°2734 2°6299 1°1568 
88°45 2°2852 2°6296 1°1507 
88°94 | 2°2913 2°6295 1°1476 


TaBLe II.—Densities of Liquid Oxygen. Smoothed Values. 


Temperature.| Density. ||Temperature.| Density. |/Temperature.| Density. 


| 


68°0° 12489 | ° 1°2128 83°0° 1°1767 
68°5 1°2465 ‘ 1°2104 83°5 11748 
69°0 1°2441 | : 1°2080 84°0 1°1719 
69°5 12417 ‘ 1°2056 84°5 1°1695 
70°0 12393 | ° 1°2082 85°0 11671 
70°5 1°2368 | . 1°2008 85°5 1°1647 
71°0 1'2344 | ° 1°1984 86°0 1°1623 
71°5 1°2320 | ° 1°1959 86°5 1°1599 
72°0 1:2296 | ° 1°1935 87°0 1°1575 
72°5 12272 | , 11911 87°5 1°1551 
73°0 12248 || : 1°1887 88°0 1°1527 
73°5 1°2224 1°1863 88°5 1°1503 
74°0 1°2200 1°1839 89-0 1°1479 
74°5 1°2176 1°1815 


| 
75-0 12152 | | 11791 


The above results are represented by the linear interpolation formula, 
d = 1'248874 — 0-:00481(7’'— 68). The following previous determina- 
tions of the density of liquid oxygen have been made: 


11378 at —183° Dewar, Proc. Roy. Inst., 1893, 15, 133. 
11321 at —183°6°) Drugman and Ramsay, Trans. 1900, ‘77, 
11310 at — eet 1228. 


Nitrogen. 
Volume = 2526°5 c.c. 
Pressure = 456°45 mm. 
Temperature= 14°17°. 
Mass = 18135 grams, 
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Taste III.—Densities of Liquid Nitrogen. 


Temperature. Volume. Corrected mass. | Density. 
| 
68°82° | 2°1302 c.c. 1°8120 grams. 0°85063 
68°84 2°1304 ,, 1°8120 ,, 0°85055 
69°91 2°1451 ,, 1°8119 ,, 0°84466 
74°21 2°1953 ,, 18114 ,, 0°82513 
80°13 | 2°2671 ,, 1°8103 _,, 0°79851 
83°67 2°3137 ,, 1°8093__,, 0°78199 
84°15 2°3185 ,, 18092 ,, 0°78033 
86°69 2°3557 ,, 1°8085_,, 0°76807 
87°04 2°3602 ,, 1°8084 ,, 0°76622 


TasBLe I1V.—Densities of Liquid Nitrogen. Smoothed Values. 


n | ] 

Temperature,| Density. | Temperature.| Density. |Temperature.| Density. 
680° 0°8537 | 75°5° 0°8194 || 83°0° 0°7851 
68°5 08514 || 760 08171 || 83°5 0°7828 
69°0 08492 | 76°5 0°8148 84°0 0°7805 
69°5 08469 | 77°0 0°8126 84°5 0°7782 
70°0 08446 | 77°5 |  0°8103 85°0 0°7759 
70°5 0°8423 78°0 0°8080 85°5 0°7737 
71°0 0°8400 || 78°5 0°8057 86°0 0°7714 
71°5 0°8377_— | 79°0 0°8034 86°5 0°7691 
72°0 0°8354 | 79°5 0°8011 87°0 0°7668 
72°5 0°8331 80°0 0°7988 87°5 0°7645 
73°0 0°8309 | 80°5 0°7965 88°0 0°7622 
73°5 0°8286 81°0 0°7942 88°5 0°7599 
74°0 0°8263 | 81°5 0°7920 89°0 0°7576 
74:5 08240 || 82-0 0°7897 
75°0 0°8217 82°5 0°7874 


Above results are reproduced by the formula 
d =0°853736 — 0°00476 (7'- 68). 
Previous determinations of density of liquid nitrogen : 


0°850 at boiling point, Dewar (Joc. cit.). 
0°7914 at —195°5°, Drugman and Ramsay (loc. cit.). 


Carbon monoxide. 


Volume = 2526°5 c.c. 
Pressure = 453°75 mm. 
Temperature= 12°3°. 

Mass = 1°8054 grams, 
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TaBLE V.—Densities of Liquid Carbon Monowide. 


Temperature. Volume. Corrected mass. Density. 
70°96° 2°1402 c.c. 1°8046 grams. 0°84320 
71°46 2°1452 ,, | 1:8046 ,, 084122 
71°86 2°1492 ,, | 1°8045__,, 0°83962 
72°20 2°1512 ,, | 1°8045_,, 0°83884 
72°97 2°1682 ,, 1'8044  ,, 0°838412 
77°95 2°2162 ,, 1°8087__,, 0°81386 
82°77 2°2707 ,, 1°8029_ ,, 0°79398 
83°78 22802 ,, 1°8027__,, 0°79059 
86°31 2°31382 ,, 1°8028_,, 0°77915 
86°97 2°3242 ,, 1°8021_ ,, 0°77538 
87°69 2°3322 ,, 1°8020 ,, 0°77264 


TaBLE VI.—Densities of Liquid Carbon Monoxide. Smoothed Values. 


Temperature.| Density. ||Temperature.| Density. ||Temperature.| Density. 
| | 

68°0° 0°8558 75°5° 0°8243 || 83°0° 0°7928 
68°5 0°8537 76°0 0°8222 || 83° 0°7907 
69-0 0°8516 765 =| +0°8201_‘|| ~— 840 0°7886 
69°5 0°8495 77°0 | 08180 || 84°5 0°7865 
70°0 0°8474 77°5 | 0°8159 85°0 0°7844 
70°5 0°8453 78°0 | 0°8138 85°5 0°7823 
71°0 0°8432 78°5 0°8117 86°0 0°7802 
71°5 0°8411 79°0 0°8096 86°5 0°7781 
72°0 0°8390 79°5 0°8075 87°0 0°7760 
72°5 0°8369 80°0 0 8054 87°5 0°7739 
73°0 0°8348 80°5 | 0°8033 88°0 0°7718 
73°5 0°8327 81°0 | 0°8012 88°5 0°7697 
74°0 0°8306 81°5 0°7991 89°0 0°7676 
74°5 08285 82°0 | « 0°7970 
75:0 0°8264 82°5 | 0°7949 


The formula d= 0°8558 — 0:0042 (7'— 68) expresses the above results, 


Argon. 
Volume = 2524'5 c.c. 
Pressure = 16611 mm. 
Temperature= 10°6°. 
Mass =  0°9472 grams (taking density = 19°96 when 


that of oxygen is taken as 16). 
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TaBLE VII.—Densities of Liquid Argon. 


Temperature. Volume. Corrected mass. Density. 
84°55° 0°6669 c.c. 0°9466 gram 1°4194 
84°95 0°6681 ,, 09466 ,, 1°4169 
85°41 0°6695._,, 09466, 1°4139 
86°08 0°6712 ,, 09466 ,, 1°4103 
86°52 0°6727 ,, 09466 ,, 1°4072 
86°74 0°6734 _,, 0°9466 _ ,, 1°4057 
87°52 0°6759 ,, 0°9465 ,, 1°4004 
87°87 OGT7i. ., 0°9465_ ,, 1°3979 
88°24 0°6783 ,, 0°9465_ ,, 1°3954 
88°77 0°6797 ,, 0°9465 ,, 1°3925 
89°08 0°6808 ,, 0°9464 ,, 1°3901 
89°44 0°6813 ,, 0°9464_,, 1°3891 


TaBLE VIII.—Densities of Liquid Argon. Smoothed Values. 


Temperature. Density. | Temperature. Density. 
84°0° 1°4233 87°5° 1°4007 
84°5 1°4201 88°0 1°3975 
85°0 1°4169 88°5 1'3942 
85°5 1°4136 89°0 13910 
86°0 1°4104 89°5 1'3878 
86°5 1°4072 90°0 1°3845 
87°0 1°4039 


These results are expressed by the formula 
d = 1°42333 — 0°006467 (7'- 84). 
It was only possible to obtain a temperature-range of about 5° in the 
case of argon, as its boiling and freezing point lie so close together. 


Surface-Tensions and Molecular Surface-Energies of the Liquefied Gases. 


In the experiments with nitrogen and oxygen, two capillary tubes 
were employed (II and III), and the values given in the following 
tables are the means of the values so obtained. These were always 
found to agree very closely, the difference varying from 0:01—0°15 
per cent. In the case of oxygen, an earlier series of observations, 
made with a single capillary (I), is also given. Owing to the limited 
supply of argon, a smaller apparatus had to be used for it, in which 
only one capillary tube was employed. Carbon monoxide being dealt 
with immediately after the argon measurements, its surface-tension 
was measured in the same apparatus. The values of the radii obtained 


soe eae Fe 
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from the calibration-curves were corrected for the contraction of the 
glass, and the capillary rises were corrected for the curvature of the 
liquid surface in the outer containing tube. Both the corrected and 
uncorrected heights are given in the tables. The letters employed in 
the tables have the following meanings : 


h=height of capillary meniscus above meniscus in outer tube (cm.). 
r =radius of capillary tube at corresponding point (cm.). 

d=density of liquid (grams per c.c.). 

o = density of gas (calculated on assumption of simple gas laws). 

y =surface-tension (dynes per cm.). 

M=wmolecular weight. 

v=specific volume (c.c. per gram). 


The values of y(J/v)# are accordingly expressed in ergs. 

No correction has been introduced for the height of the capillary 
meniscus itself. This is usually taken as equal to 47, and would only 
have amounted to 0:1 per cent. at most. 

In the case of oxygen, the two series of measurements correspond to 
different preparations. In the case of nitrogen, the first two series 
were made with the same preparation, while the third was made with 
a fresh sample. 


TaBLE IX.—Oxygen. 1st Series (Capillary I.). 


| 
?. | h. h (corrected). | r | a o. (Mra. 
76°20° 1°987 2°000 07014090 1°2096 070008 148°3 
85°41 1°770 1°783 0°014112 es 1650 | 0°0025 130°6 
86°41 1°746 1°758 | 0° 014117 | 1°1602 | 0°0028 128°6 
87°43 1-722 1°733 } 0°014121 1°1552 0°0031 126°6 
88°92 1°690 | 1°701 | 0°014122 11482 , 0°0036 124°0 


TaBLe X.—Ozxygen. 2nd Series. Capillaries II and III. 


| oe ie | | | 
t. Ay. | Am. (cort.). (corr.). Tu. TI d. o. |y(Mr)a. 


| | | 


74°10°| 3°696 | 8°520 | 3°726 | 3°550 | 0°C07723 | 0°008125 | 1°2195 | 00006 | 152°5 
76°91 | 3°600 | 3°420 | 3°629 3°449 0°007720 0°008125 | 1°2061 | 0:0009 | 147°3 
78°70 | 3°516 | 3°344 | 3°544 | 3°372 | 0'007718 | 0°008126 | 1°1980 | 0°0012 | 143°6 
80°93 | 8°427 | 3°255 | 3°454 | 3°282 | 0°007714 | 0°008126 | 1°1866 0°0016 | 139°3 


83°85 | 3°303 | 3°138 | 3-329 | 3°159 | 0°007709 | 0°008138 | 11725 0-0022| 183°6 


85°01 | 3°257 | 3°092 aod belo | 0°007708 | 0°008187 | 1°1670 0-0024 | 181°6 


| 
| 


TaBLeE XI.—WNitrogen. 


BALY AND DONNAN: LIQUID OXYGEN, 


lst Series. 


Capillaries II and III. 


T. 


68°88° 
69°08 
71°75 
76°97 


hyn | hm | 
(corr. ).|(corr. ).| 


Til. 


Cg. 


| (Moa. 


3°168 | 3°365 | 3°195 
3°163 | 3°367 3°190 | 0°007702 
3°028 | 3°230 | 3°054 | 0°007694 
2°707 | 2°910 | 2°730 | 0°007696 


0°007702 


0°008142 
0°008142 
0°008149 


0°8488 


0008167 | 0°8130 | 


Till. d. | 


0°0043 


08498 0°0022 | 110°9 
00023 
| 0°8368 | 0°0028 | 105°7 


110°9 
93°8 


| 
68°49°| 3°359 
68°82 | 3°342 
68°98 | 3°325 
70°21 | 3°257 
74°98 | 3°003 
78°94 | 2°802 
85°91 | 2°402 
86°21 | 2°393 
86°44 2°391 


TasBLe XII.—WNitrogen. 2nd Series. 


Capillaries IT and III. 


3°174 | 3-386 | 3-201 | 0-007711 
3°162 | 3°369 | 3°189 | 0°007711 
8°153 | 3°352 | 3°180 | 0°007711 
8°087 | 3°284 | 3-114 | 0007709 
2°834 | 3°027 | 2°858 | 0°007694 
2°650 | 2°824 | 2°672 | 0°007694 
2°253 | 2°421 | 2-272 | 0-007704 
2°241 | 2°412 | 2°260 | 0-007704 


| 2°242 | 2°410 | 2°261 0°007704 


0°008131 
0°008131 
0°008131 
0°008136 
0°008150 
0008163 
0°008179 
0°008179 
0°008179 


0°8514 
0°8500 
0°8498 
0°8438 
0°8221 
0°8039 
0°7719 
0°7705 
0°7694 


0°0021 
0°0022 
0°0022 
0°0025 
0°0035 
0°0051 
0°0095 
0°0099 
0°0101 


111°4 
110°9 
110°4 
107°9 
98°2 
90°9 
76°3 
75°9 
75°8 
| 


Taste XIII.—Witrogen. 


3rd Series. 


Capillaries II and III. 


71°36° 
73°74 
76°61 
76°94 
83°60 
83°71 
84°87 
86°82 
87°12 
87°22 
87°53 


3°215 
3°093 
2°931 
2°935 
2°547 
2°547 
2°484 
2°377 
2°360 
2°352 
2°347 


| | | 
3044 | 3-241 | 3-070 | 0007699 
2°923 | 3°118 | 2-948 | 0-007695 
2°760 | 2°955 | 2°784 | 0-007694 
2°756 | 2°959 | 2-780 | 0-007694 
2390 | 2°567 | 2-410 | 0007708 
2°394 | 2°567 0°007704 
2°335 | 2°504 0°007704 
2°237 | 2°395 0°007704 
2°217 | 2°378 | 2°235 | 0007704 
2°218 | 2°370 | 2-236 | 0007704 
2206 | 2-365 | 2-224 | 0°00704 


u 


| 2414 | 
| 2°355 
2°255 


0008142 | 0°8386 
0008148 | 08278 
0002159 | 0°8146 
0008160 | 0°8132 
0008178 | 0°7824 
0008178 | 0°7820 
0008178 | 0°7766 
0008182 | 0°7678 
0-008184 | 0°7664 
0008185 | 0°7659 
0008185 | 0°7644 
| 


0°0027 
0°0032 
0°0041 
0°0042 
0°0080 
0°0080 
0°0089 
0°0105 
0°0107 
0°0108 
0°0112 


1062 
101°5 
954 
95°4 
81°4 
81°6 
79°2 
75°4 
74°7 
74°5 
| 74°3 


TaBLE XIV.—Argon. 


Capillary II. 


h. h (corr.). f. 


2°480 
2°475 
2°473 
2°450 
2°426 
2°425 
2°378 
2°327 


0°007714 
0°007714 
0°007714 
0°007714 
0°007714 
0°007696 
0°007695 
0°007694 
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TaBLE XV.—Carbon Monoxide. Capillary I. 


ek h, h (corr. ). | 1 d o >(Mv)3 
| | | 
72°19° | 3°587 3°671 | 0:007694 | 0°8348 0°0014 120°1 
73°86 | 8508 8589 | 0°007694 | 0°8312 00017 | 1172 
75°28 | 3°436 3°515 | 0°007695 | 0°8252 00021 | 1145 
77°16 | 8°387 3°414 0°007700 | 0°8173 00026 110°8 
8317 | 8°002 3071 | 0°007709 | 0°7921 -| 00046 98°5 
83°48 | 2°991 8-060 | 0°007709 | 0°7909 0°0049 98°1 
83°93 | 2954 3-022 0007711 | 0°7891 0-0050 96°8 
84°27 2°929} 2997 | 0°007712 | 0°7881 0-0052 96:0 
84°37 2-930 2997. | 0°007711 | 0°7873 0°0052 95°9 
84°88 2°904 2°971 | 0°007711 | 0°7852 0°0055 94°9 
85°10 2°905 2°972 | 0°007710 | 0°7841 0°0056 94°9 
85°34 | = 2°887 2°954 | 0:007709 | 0°7831 0°0058 94°2 


The foregoing results are represented graphically in Fig. 2, in which 
ordinates represent temperature and abscisse the value of y(Mv)8, the 
‘molecular surface-energy.” It will be seen that the relation is linear, 
as found by Ejétviés and by Ramsay and Shields for non-associating 
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Variation of molecular surface energy with temperature. 


liquids. From the straight lines so obtained, the values of y(J/v)# have 
been read off for each degree, and from these the corresponding values 
of y calculated. These smoothed values are given in the following 
tables : 


VOL, LXXXI. 3 P 
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Taste XVI.—Oxygen. 


Temperature. ¥- Temperature. 


70° | 18°35 = | 81° 
71 | 18°09 
72 17°82 

| 17°55 
17°29 
17°03 
16°76 
16°51 
16°25 
15°99 
15°73 


Taste X VII.—Witrogen. 


| (Me)3. ’ T. | >(Mv)i.| x. 


| 112°67 | | 96°66 
| 110°67 | | 94°66 
92°66 
90°66 
88°65 
86°65 
| 84°65 
| 82°65 
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TaBLE X VIII.—Carbon Monoxide. 


| 7. | (Moya. 


77° 110°72 | 11°68 
78 108°72 | 11°50 
79 106°73 | 11°33 
80 104°73 | 11°16 
81 102°73 | 10°99 
82 100°74 | 10°81 
83 98°74 | 10°63 


Taste XIX.—Argun. 
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Vapour Pressures of Carbon Monoxide. 


In the course of our work it was necessary to know the vapour 
pressures of carbon monoxide in order to make the correction for the 
uncondensed gas contained in the upper portion of the capillary tubo 
attached to the density bulb. These vapour pressures were deter- 
mined during the measurements of the capillary rise in liquid carbon 
monoxide, which was easily effected by opening the tap, J, and thus 
making connection with the manometer, Z. The smoothed values are 
given in the following table, the smoothing having been effected by 
the straight-line method of Ramsay and Young: 


TaBLE XX.—Vapouwr Pressures of Carbon Monoxide. 


| | 

Temperature. | Vapour pressure. || Temperature. Vapour pressure, 

es | aectiliate 
68° | 14°30 mm. 80° 615°65 mm. 
69 | 135°06 ,, 81 689°12 ,, 
70 158°41 ,, 82 772°35 ,, 
71 185-00 ,, 83 86306 ,, 
72 214°73 4, 84 959°65 ,, 
73 248°80 ,, 85 1064°94_,, 
74 286°72 ,, 86 125713 ,, 
75 328°67 ,, 87 130348 ,, 
76 325°90 _,, 88 142998 ,, 
17 42711 ,, 89 |  1567°31 ,, 
78 483°96 ,, 90 | 1722°63 ,, 


548 °26 


Discussion of Results. 


1 
The values of the differential 5 y(M>v)i, calculated from the fore- 


going results, are as follows: 


TOP Tee Pee eee ee ee eee eee eee eee 


ME, cecbiscrenacsnions <deecquraenes 
PI. 5 si ninksisnvarasaseceresencaseens 2°020 
Carbon monoxide ............seeeecees 


These values are rather lower than the average value, 2°212, as 
given by Ramsay and Shields, or 2°227,as given by Eotvis, They 
agree very well among themselves, however, with the exception of the 
value for oxygen, which is somewhat lower than the others, Absolute 
agreement is not to be expected, as it is probable that the temperature 
coefficient of the molecular surface-energy is; in some degree, a charac- 
teristic constant, 
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The formule representing the relation between molecular surface- 
energy and temperature are as follows: 


y(Mv)t = 1°917 (153°77 - 7’). 
y(Mv)i = 2:002 (124°29 - 7’). 
y(Mv)i = 2°02 (145°44- 7’). 
Carbon monoxide ... y(Mv)i= 1-996 (132°47 - 7’). 


The corresponding straight lines continued to cut the axis of tem- 
perature are shown in Fig. 3. It will be seen that, in the case of 
oxygen and nitrogen, the straight lines cut the temperature axis at 
points corresponding to the temperatures 153°77° and 124:29°. These 
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are practically coincident with the critical temperatures as determined 
by Olzewski, namely, 154°2° and 124°. 

In the case of argon and carbon monoxide, the straight lines cut the 
temperature axis at points corresponding to the temperatures 145°44° 
and 132°47°. The critical temperature of argon (Ramsay and Travers) 
is 155°6°, that of carbon monoxide (Olzewski) 137°4°. 

The results obtained with oxygen and nitrogen are remarkable in 
view of the fact that Ramsay and Shields found the points where the 
straight lines cut the temperature axis to correspond to temperatures 
lying, on an average, 6° below the critical points. With respect to 
carbon monoxide and argon, it may be remarked that the boiling point 
of the former, according to the vapour-pressure measurements which 
we have made, lies about a degree lower than that determined by 
Olzewski, while the vapour-pressure curve of argon, as determined by 
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Ramsay and Travers, appears to cut that of oxygen, as the following 
data show : 


We do not feel entitled, therefore, to draw any conclusions in the 
case of argon and carbon monoxide until the critical temperatures 
have been redetermined. 

In the curves shown in Fig. 4, the values of y have been plotted 
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against temperature. The dotted lines indicate a possible extrapola- 
tion up to the critical points, which was effected by making use of the 


formula 
y = A(l—m), 


given by van der Waals, where A and B are constants and m is the 
reduced temperature. The values given below for A and B were cal- 
culated by taking as the critical temperature in each case the value 
found by continuation of the molecular surface-energy line to cut the 
temperature axis : 
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A. B. 
CTs iti ocnedensaesesoccvevebeetase 38°03 1°1986 
eG SE rere 27°68 1°1670 
I IMIIOTEEO..... 0. c0s0-cesescosscescosve 23°77 0°8197 
Ne oss citacecssssqscnesseaveney 23°20 0°8102 


The formula y=A(1—m)’ gives an independent method of smoothing 
experimentally determined values of y, as it indicates a linear relation 
between logy and log7. Values obtained by this method, from our 
experimental results for oxygen, agreed very closely with those 
obtained by the method previously employed. 

During the course of this investigation, L. Grunmach has published 
measurements of the surface-tension of liquid air of varying composi- 
tion, using the method of capillary ripples. The temperature was 
measured by a petroleum-ether thermometer, and the experiments were 
all made at a mean temperature of —190°3°. We have compared his 
results with our own on the assumption that the surface-tensions and 
densities of mixtures of the two liquids can be calculated with fair 
approximation from those of the constituents by the simple law of mix- 
tures. This assumption is justified, in general, for liquids which do 
not influence each other’s molecular state, by the results obtained by 
Ramsay and Aston. The following table exhibits the comparison : 


Density. Surface tension. 
Percentage of 
oxygen in the 
liquid air. Grunmach, Calculated. Grunmach. Calculated. 
63°9 1°028 1°047 11°89 12°32 
76°7 1°075 1°105 12°63 13°33 
49°9 0984 0°9822 11°61 11°47 


The agreement is not particularly good. No details are given by 
Grunmach with respect to the variations of temperature from the 
“mean” value, — 190°3°. 

Verschaffelt (Communications from Leiden, No. 18) has measured 
the surface-tensions of liquid carbon dioxide and nitrous oxide at 
various temperatures, using the method of rise in capillary tubes. His 
results may be summarised as follows : 


~ “_ ee we 
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Sy Mojt. A. B. 
Cin: iiiobeihantiiiacansia 2-222 85°9 1311 
NgO ...cecececsereeeneees 2°198 881 1°333 


In both cases, the molecular surface-energy line ‘cuts the temperature 
axis at points lying about 6° below the corresponding critical points. 
Verschaffelt points out that the values found by him for the A and B 
of van der Waals’s formula agree approximately with those found for 
a number of other liquids, such as ethyl ether, ethyl acetate, benzene, 
chlorobenzene, and carbon disulphide. This is not the case with the 
values of A and B, calculated from our results, but as van der Waals’s 
formula is practically only an empirical formula, and as our measure- 
ments apply to temperatures which are very much lower than those at 
which the measurements of Verschaffelt and other previous observers 
were made, the divergence in the values of A and B is not surprising. 


In conclusion, we wish to express our best thanks to Prof. Ramsay 
for the interest which he has taken in our work. 


CHEMICAL LABORATORY, 
UNIVERSITY CoLLEGE, W.C. 


XCIV.—Phosphorus Tetroaide. 
By Cartes A, West, B.Sc., A.R.CS. 


INDEPENDENTLY of the lowest oxide of phosphorus, the existence of 
which as an orange-red powder is maintained by some chemists 
(Michaelis and Pitsch, Annalen, 1899, 310, 45) and disputed by others 
(Burgess and Chapman, Trans., 1901, '79, 1235), there are three well- 
defined oxides of phosphorus, all of which are easily obtainable in 
colourless crystals. Of these, the best known is phosphoric oxide, the 
molecular weight of which was determined by the vapour density 
method by Tilden and Barnett (Trans., 1896, 69, 154). The other 
two have been studied by Thorpe and Tutton and obtained by them 
for the first time in a state of purity. Phosphorous oxide is easily 
volatile, and its vapour density is such as to establish conclusively the 
formula P,O, (Trans., 1890, 57, 545; 1891, 59, 1019). There re- 
mains an intermediate oxide having the empirical formula PO,’ or 
P,0,, which was isolated by Thorpe and Tutton and described by 
3 Q 2 


924 WEST: PHOSPHORUS TETROXIDE. 


them as a tetroxide (Trans., 1886, 49, 833). The use of this name 
was based on the supposed correspondence between this compound 
and the tetroxides of nitrogen and antimony, but inasmuch as the 
constitution and molecular weight of the latter are unknown, the 
phosphorus compound is more safely designated phosphorosophosphoric 
oxide, as already indicated by Thorpe and Tutton. The discoverers 
having stated (Joc. cit.) that, although the substance is volatile in a 
vacuum, they had not been able to obtain it in sufficient quantity to 
determine its vapour density, and there being no probability that they 
would take up the subject again, it was suggested by Prof. Tilden 
that I should prepare some of the oxide and determine its vapour 
density with the aid of the apparatus used by himself and Mr. Barnett. 
In entering on the inquiry, no difficulties were apprehended apart 
from those involved in the manipulation of a highly deliquescent sub- 
stance, and it was expected that the volatility of this oxide would be 
intermediate between that of the phosphorous and phosphoric oxides 
respectively. 

A supply of phosphorous oxide was prepared by the method devised 
by Thorpe and Tutton. The only modification found desirable in the 
apparatus was an alteration in the form of the tube in which the phos- 
phorus was burned, the open end being turned up very slightly so 
that a rod could be inserted horizontally to clear a way from end to 
end when necessary. About 130 grams of the pure oxide were made, 
and collected in tubes each holding about 10 grams, 


Phosphorosophosphoric Oxide. Preparation and Analysis. 


A tube containing about 10 grams of the trioxide was introduced 
into a thick-walled tube of soft glass of about 13 mm. bore. This 
tube was previously sealed off at one end and filled with dry carbon 
dioxide by means of a narrow glass tube passing to the bottom. The 
stream of gas was kept up for a short time after the trioxide was in- 
troduced, the gas tube then withdrawn, and the outer tube corked. 
The tube was then drawn out to a fine capillary, sealed off, and heated 
in an inclined position at a temperature of 200—250° for 2 or 3 days. 
On opening it after cooling, a small quantity of gas escaped, which 
was evidently phosphoretted hydrogen, and was probably due to the 
presence of a trace of moisture. The tube contained a solid of a 
brilliant carmine colour. The end containing the substance was cut 
off and immediately placed inside a tube, of the shape shown in the 
figure, full of carbon dioxide. A stream of dry carbon dioxide was 
passed through from the end A, and the tube sealed off at B. A plug 
of glass wool was placed at # and another at C to prevent loose par- 
ticles being drawn along the tube into the pump. The carbon dioxide 
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used was dried by sulphuric acid and phosphoric oxide. The end was then 
connected to a Sprengel pump by thick-walled tubing and exhausted 
as completely as possible. ;The bulb, B Z, was placed in an iron trough 
lined with asbestos and covered by an asbestos lid, and then gradually 
heated by means of burners placed below. Phosphorus distilled away 
and was condensed at about D, but this was driven further along by 


B E 
- D G 2 


= — = 


means of a Bunsen flame. On further heating, small crystals began to 
grow, and ultimately a considerable quantity was found between the bulb 
and D. These crystals were colourless, highly lustrous, transparent, 
and, at first sight, apparently cubical in shape. The distillation was 
continued until only a small quantity of a reddish-brown (nearly 
black) substance remained in the bulb. The tube was now allowed to 
cool, filled with dry carbon dioxide, and the portions containing the 
crystals and the phosphorus separately sealed off. The crystals of 
what was presumably the tetroxide were, in some places, stained 
yellow and were evidently not quite pure. These were redistilled 
once or twice in another tube until free from coloured particles. 
Before disconnecting the tube from the pump, the crystals were caused 
to sublime along the tube and separated into small portions of from 
0°5 gram to 2 grams each. Carbon dioxide was then admitted and 
the small portions sealed off separately. On several occasions, when 
the oxide had been exposed to the air before redistillation, it was 
found, after the carbon dioxide had been pumped from the tube and 
the tube was heated, that a gas was given off which passed through 
the pump and gave rise to slight explosions as the bubbles escaped 
into the air. This was probably phosphine, due to the presence of 
moisture. It was also noticed that in redistilling the tetroxide a stain 
- in the form of a brown or red ring was left on the small tubes at the 
level to which the tetroxide had reached. The longer the exposure to 
air or moisture, the greater was the amount of this substance formed. 
Attempts were made to prevent the formation of the red substance by 
breaking open the specimen tube inside a rubber tube attached to the 
end B while a stream of dry carbon dioxide was passed through, and 
in this way the amount was reduced to a very slight stain. 
Analysis.—A number of samples were analysed, the results agreeing 
with those obtained by Thorpe and Tutton, and showing that the 
empirical formula of the compound is PO,. The oxide dissolved 
slowly in water with a hissing sound and evolution of a faint odour 
like that of phosphine. The solution was oxidised by nitric acid or 
bromine water and the phosphorus estimated as magnesium pyro- 
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phosphate. Using 0°2—0°9 gram for each analysis, the following 
percentages of phosphorus were obtained: 49°4, 49-1, 49°6, 48-9, and 
49°4. The percentage of phosphorus corresponding to the formula PO, 
is 49:2, 

Reactions in Aqueous Solution.—1, Silver nitrate solution gave a 
white precipitate, quickly changing to brown and then black. 

2. Barium chloride or barium hydroxide gave a white precipitate, 
soluble in hydrochloric acid, but not readily soluble in acetic acid. 

3. Calcium chloride gave no precipitate at first, but a flocculent, 
white precipitate on adding ammonia. 

4, Potassium permanganate was slowly decolorised, hot or cold. 

5. Mercuric chloride gave a white precipitate, which formed slowly, 
hot or cold. 

6. Lead nitrate gave a white precipitate, insoluble in acetic acid. 

7. Magnesia mixture gave a white precipitate, which, however, was 
not crystalline like that given by orthophosphates, and filtered only 
with difficulty. It probably consisted of magnesium metaphosphate, 
for, contrary to the statements in many books, metaphosphates give 
@ precipitate with magnesia mixture. 

The reactions numbered 1, 4, and 5 agree with the observations of 
Thorpe and Tutton, except that the precipitate with silver nitrate is 
described by them as yellow. From these reactions, it appears prob- 
able that the phosphorosophosphoric oxide, on solution in water, gives 
rise to phosphorous and metaphosphoric acids according to the equation, 


2P0, + 2H,0 = HPO, + H,PO,. 


Attempts to estimate the phosphorous and metaphosphoric acids quan- 
titatively did not, however, yield concordant results. This was prob- 
ably due to the unsatisfactory methods of estimating these two acids 
in presence of ‘each other. 

An aqueous solution of the oxide neutralised by sodium hydroxide 
and allowed to evaporate in the air gave a thick syrup with small, 
perfectly-formed, octahedral crystals, which, when examined under the 
microscope, were found to be similar to those obtained by neutralising 
phosphorous acid with soda and evaporating in the same way. The 
crystals from either solution gave no polarisation colours when examined 
in polarised light. 

Action of Solvents,—Endeavours to find a suitable solvent with the 
view of determining the molecular weight were unsuccessful. Benzene, 
naphthalene, phenol, nitrobenzene, chloroform, carbon disulphide, and 
ether seemed to be entirely without action on the oxide, whilst acetone 
was turned slightly brown and acetic acid became deep brown. This 


action seems to resemble that of the commercial pentoxide on acetic 
acid. 
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Action of Light and Heat.—A sample of the crystals exposed for 
twelve months to daylight was unchanged. 

Heat seems to cause no chemical change, as the substance sublimes 
without melting and without decomposition. 

Density.—The density of the crystals was determined by means of a 
mixture of methylene iodide and benzene which seemed to be with- 
out action on them. The mean of several determinations gave the 
density at 22°6°/4° as 2537. The densities obtained by Thorpe and 
Tutton for phosphorous oxide were, liquid, d 28-8°/4°=1-935, and 
solid d 21°/4°==2°135, ‘The density of phosphoric oxide is given as 
2°387. 


Vapour Density of Phosphorosophosphoric Oxide. 


The vapour density was determined by Victor Meyer’s method in the 
platinum apparatus described by Tilden and Barnett (Joc. cit.). 

The samples were prepared for the determinations in the following 
way. A tin case was made somewhat similar to the wooden case 
described by Tutton (Trans., 1897, '71, 865), but without wood and 
without drawer. The windows were of celluloid and clamped in by 
rubber bands between brass frames. The gloves were also clamped in 
between brass rings. At the bottom of the box was a glass tray con- 
taining phosphoric oxide, and above this was a table of perforated 
zinc on which were placed the materials and apparatus. 

Small vapour density tubes were prepared and fitted with rubber 
stoppers. These were weighed with and without the stoppers. Other 
tubes in which these could be placed were sealed off and placed with 
them on the zinc table in the case, A file, pliers, a piece of wire, and 
a tube containing the oxide were also placed inside the case, which was 
then closed air-tight by tightening the clamps, It was left closed for 
several days so that the contents should be thoroughly dried. The 
hands were then inserted in the rubber gloves, the tube containing the 
oxide scratched with a file and opened, and each vapour density tube 
half filled with the oxide, stoppered with its own stopper, and placed in 
a larger tube which was also stoppered. The box was then opened 
and each outer tube sealed off about an inch from the end of the small 
tube. Each of the outer tubes was then scratched with a file and 
weighed. When a determination was to be made, the outer tube was 
broken into two and the pieces kept for subsequent weighing. The 
weight of the oxide used in any determination was thus found. 

The stopper was taken out of the vapour density tube, which was at 
once placed in position in the vapour density apparatus and the experi- 
ment carried out. In this way, the substance in the tube was not 
exposed to the air for longer than a couple of seconds, 
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Attempts were made to determine the vapour density at a tempera- 
ture of about 900°, but at this temperature 0-2 gram of the substance 
gave only a bubble or two of gas. A contraction of about two or 
three cubie centimetres then took place. The same result was obtained 
whether the platinum bottle was filled with nitrogen or with carbon 
dioxide. A higher temperature was then employed. A special fire- 
clay jacket was obtained, the gas supply increased, and air forced 
through by means of a Root’s blower driven by a gas engine. A white 
heat was quickly obtained, and it was found possible to keep the tem- 
perature very constant. The temperature actually obtained was above 
1400° as indicated by the fusion of a sample of test steel of melting 
point 1400°. At this temperature, the oxide volatilised immediately, 
gas was given off readily, and the experiment completed sharply in 
the ordinary way. The following results were obtained : 


Weight of Uncorrected Vapour 
oxide taken. volume of gas, density. 
0°2167 11°3 ee. 231°1 
0°1819 9°5 230°7 
0:2073 11°4 217°6 
0°1551 81 237°8 


The mean density of the vapour was therefore 229°3, and the mole- 
cular weight calculated therefrom 458°6. 

As a check on these results, two estimations of the vapour density 
of mercury were made in the apparatus at the same temperature in 
the same manner. One experiment gave 102°3 and the other 103'1 
instead of 100. It is obvious therefore that the apparatus is capable 
of giving normal results. 

It is, however, difficult to accept the conclusion to which these 
experiments lead, namely, that the formula of the oxide does not fall 
into line with the formula of phosphorous oxide, P,O,, and that of 
phosphoric oxide, P,O,,, but belongs to a more complex type, P,O,, P,O,,, 
or P,O,,. Nevertheless, it is quite certain that the molecular weight 
is not intermediate between the molecular weights of phosphorous 
and phosphoric oxides. 


Vapour Density of Phosphoric Oxide. 


As the apparatus was available, it seemed worth while to determine 
the vapour density of phosphoric oxide at a higher temperature than 
that employed by Tilden and Barnett (Joc. cit.). The pure oxide was 
sealed up in tubes as described, and the manipulation was exactly.the 
same as with the phosphorosophosphoric oxide. The following are the 
results obtained : 
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Weight of Uncorrected Vapour 
oxide taken. volume of gas. density. 
0°1374 11'1 cc. 149°4 
0°0744 5°75 153°7 
0°1491 12°5 148°9 
0°1118 9°2 147°9 
071309 10°6 150°3 
0:0758 6°1 151°3 


The mean density of the vapour was therefore 150-2, and the molecular 
weight calculated therefrom 300°4. This approaches more nearly to 
the theoretical number 284 than the results obtained in the original 
experiments at the lower temperature corresponding to a red heat. 


Royat CoLLEecE oF Science, Lonpon. 
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XCV.—The Absorption Spectra of Phloroglucinol and 
some of its Derivatives. 


By W. N. Harttey, D.Sc., F.R.S., James J. Dossre, D.Sc., M.A., and 
ALEXANDER Lauper, B.Sc. 


PHLOROGLUCINOL reacts with some reagents as a phenol, with others as 
a ketone. When heated with phenyl isocyanate in benzene solution, 
it yields a tricarbanilide derivative, C,H,(O-CO-NHC,H,),, and when 
alkylated under certain conditions it gives derivatives which are 
regarded as true esters since their alkyl groups are split off by heating 
with hydrogeniodide. On the other hand, it reacts with hydroxylamine 
with the formation of a trioxime, and forms alkylated derivatives 
from which the alkyl groups are not split off by boiling with hydrogen 
iodide. It is impossible, therefore, from its chemical behaviour to 
decide whether the oxygen atoms of phloroglucinol are present in 
enolic or ketonic groups, that is to say, whether it possesses the structure 
(I) or (II): 


OH 
On 
a oo I. ni Ko 
“we oO a 
H, 
Enolic. Ketonic, 


If it possesses the structure represented by I, its absorption spectra 
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should closely resemble the spectra of the trimethyl ether (m. p. 52°) 
which is decomposed by boiling with hydrogen iodide. If, on the 
other hand, it possesses the structure represented by II, its spectra 
should resemble those of the alkyl derivatives which are not decomposed 
under this treatment. 

Before comparing the absorption spectra of phloroglucinol with 
those of its ethers, we deemed it advisable to examine specimens of 
phloroglucinol from as many different sources as possible, and for this 
purpose specimens were prepared from kino, maclurin, resorcinol, 
phenol, and ethyl phoroglucinoltricarboxylate. 

As the melting point of phloroglucinol is variously stated at tem- 
peratures ranging from 210° to 217°, we made a careful comparison 
of all our pure preparations with the view of determining whether 
specimens prepared from different sources really differ from one 
another as regards this property or whether the differences observed 
are merely due to the various determinations not having been 
made under the same conditions (compare Baeyer, Ber., 1886, 19, 
2186). 

We first compared several specimens of phloroglucinol from kino 
which had been carefully purified by recrystallisation and found that 
when slowly heated side by side they melted at 210° and when quickly 
heated at 217°. 


All the other specimens when heated side by side with the specimen 
from kino behaved in the same way. 

The absorption spectra of aqueous solutions of all the five specimens 
were photographed, and on comparison were found to be practically 
identical. 

It may therefore be regarded as definitely established that phloro- 
glucinol, from whatever source obtained, has always the same 
structure. 

On next comparing the spectra of phloroglucinol with those of the 
trimethyl ether (m. p. 52°), the resemblance between them was found 
to be so close as to leave no doubt as to the enolic structure of 
phloroglucinol, assuming that the alkyl derivative melting at 52° 
possesses this structure. 

Further, the resemblance is so close that it is impossible to suppose 
that the phloroglucinol contains any appreciable quantity of a ketonic 
form. 

Both phloroglucinol and its trimethyl ether show selective absorption, 
the absorption band, however, not being strongly marked. If phloro- 
glucinol possessed the ketonic structure, we should expect the absorp- 
tion band to be entirely absent, since diketohexamethylene, formula 
III, a substance of similar structure to the ketonic derivatives 
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of phloroglucinol, shows only general absorption (Trans., 1898, 73, 
598). 


On the other hand, the presence of an absorption band is character- 
istic of substances having the true benzenoid structure which phloro- 
glucinol, if represented by formula I would possess. 

We prepared hexamethylphloroglucinol by the method given by 
Margulies (Monatsh., 1888, 9, 1046). The product which we obtained 
had the correct melting point (80°), and agreed generally in properties 
with the substance described by Margulies. We found, however, that 
specimens of the substance crystallised from ether and from acetic acid, 
although having the same melting point, did not give identical 
absorption spectra, We therefore omit any detailed account of this 
substance until we have had an opportunity of investigating it more 
fully. We may mention, however, that none of the absorption spectra 
observed in different solutions of this substance at all resembled those 
of phloroglucinol.* 

Confirmation of the conclusion arrived at as to the structure of 
pbloroglucinol is afforded by the great similarity which exists between 
the spectra of phloroglucinol and those of pyrogallol, a substance 
which does not show the behaviour of a ketone (Baeyer, Ber., 1886, 
19, 163). The spectra of pyrogallol have already been described by 
Hartley and Huntington (Phil. Trans., 1879, i, 257), but as the method 
of representation employed at that time was different from that now 
adopted, we have rephotographed the spectra and drawn a new curve 
to facilitate comparison with phloroglucinol. 

For the same reason, we include in this paper an account of the re- 
examination of the absorption spectra of phenol (Hartley and Hunting- 
ton, loc. cit.). We have also photographed and remeasured the 
absorption spectra of quinol, resorcinol, and catechol, which were 
described by Hartley in 1888 (Trans., 1888, 53, 641). 

The new and old series of measurements being in close agreement, 
we have not thought it necessary to repeat them in this paper. 

On comparing the mono-, di-, and tri-hydroxy-derivatives, it will be 
observed that whilst the spectra of the mono- and di-derivatives agree 
very closely, those of phenol and catechol being almost identical, the 
spectra of the trihydroxy-derivatives differ from the others in showing 


* It is worthy of note that hexamethylphloroglucinol does not form a compound 
with phenylhydrazine. 
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less general absorption and in having the absorption band much less 
distinctly marked. 


EXPERIMENTAL. 


Phloroglucinol.—The specimens of phloroglucinol which we examined 
were obtained from five different sources. 

(1) Specimens prepared from kino were obtained from Merck and 
from Schuchardt. Both preparations were supplied to us in beautiful, 
scaly crystals which were practically colourless, and behaved in exactly 
the same way when heated side by side. They were recrystallised 
repeatedly from water before being photographed. 

(2) Commercial phloroglucinol, prepared by Schuchardt from resor- 
cinol, was purified by the method given by Will (Ber., 1885, 18, 1323) 
and Skraup (Monatsh., 1889,10, 724). The purification was completed 
by boiling the substance with charcoal and crystallising it repeatedly 
from water. The specimen was then tested for diresorcin by dissolving 
it in concentrated sulphuric acid and heating the solution on the water- 
bath with acetic anhydride. No violet coloration was produced (Herzig 
and Zeisel, Monatsh., 1890,11, 421). All the specimens of commercial 
phloroglucinol used in the course of the investigation were purified by 
the above method. 

(3) Phloroglucinol was prepared from the tricarboxylic ester by 
fusion with potassium hydroxide (Baeyer, Ber., 1886, 18, 3454). The 
specimen obtained by this method crystallised very readily in beautiful 
scales, which, after being recrystallised several times, had the correct 
melting point. 

(4) The method given by Barth and Schreder (Ber., 1879, 12, 417) 
was employed in the preparation of a fourth specimen. Phenol was 
melted with six times its weight of sodium hydroxide and heated until 
the evolution of hydrogen ceased. The fused mass was acidified with 
dilute sulphuric acid and the phloroglucinol extracted with ether. 
The yield of phloroglucinol was small. So far as we could discover, 
its properties were identical with those of the other specimens which 
we examined. It melted at the same temperature as the specimens 
from kino when the determinations were carried out side by side. 
Its absorption spectra were also identical with those of the specimens 
from kino. If, as stated by Gautier (Bull. Soc. Chim., 1880, [ii], 33, 
585), an isomeride of phloroglucinol is obtained by fusing phenol with 
soda, it is certain that phloroglucinol is likewise one of the products 
of the reaction. 

(5) A fifth specimen was prepared from maclurin by fusion with 
potassium hydroxide according to the method described by Hlasiwetz 
and Pfaundler (Annalen, 1863, 127, 351). 

The absorption spectra of the aqueous solutions of all the specimens 
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of phloroglucinol described above were photographed, and, on com- 
parison, found to be identical. The measurements were actually taken 
and the curve drawn from the photographs of the specimen prepared 
from resorcinol and purified by Skraup’s method. 

A layer 50 mm. thick of a solution containing 1 milligram-mol. in 
20 c.c. of water absorbs all rays beyond 1/, 3323 (A= 3009), whilst a 
layer 5 mm. thick of the same solution absorbs all rays beyond 1/4 
3568 (A = 2802). 

The absorption band is not strongly marked ; it appears first in the 
layer 3 mm. thick of the solution containing 1 milligram-mol. in 
100 c.c. water, and nearly dies out in the layer 2 mm. thick of the 
same solution, although its position is still distinctly traceable by the 
weakness of the spectra in solutions of greater dilution. 

The absorption spectra of phloroglucinol in both aqueous and in 
alcoholic solutions are identical. 

Phloroglucinol Trimethyl Ether.—This ether was prepared by saturat- 
ing a solution of pure phloroglucinol in methyl alcohol with hydro- 
chloric acid gas, and subsequently treating the dimethyl ether so 
obtained with methyl iodide and potassium hydroxide dissolved in 
methyl alcohol (Will, Ber., 1888, 21, 603). The product is an oil which 
quickly solidifies to beautiful, colourless prisms, melting at 52°5°, 

The spectra of this substance in alcoholic solution were photographed 
and the ether was afterwards recovered from the alcoholic solution and 
found to be unaltered. The spectra are practically identical with those 
of phloroglucinol, as will be seen from a comparison of the measure- 
ments and curves. 

Pyrogallol.—A_ specimen of pyrogallol obtained from Schuchardt was 
purified by recrystallisation. It melted at 132—134°. It was photo- 
graphed in aqueous solution, and gave spectra very similar to those of 
phloroglucinol. The amount of general absorption is slightly greater, 
and the absorption band, which occupies the same position, is some- 
what narrower, but dies out at the same degree of dilution as in the 
case of phloroglucinol. 

Phenol.—The specimen employed was prepared from pure salicylic 
acid by distillation with lime. It boiled at 182°. 


Phloroglucinol, OsH,(OH), [1:35]. 


M. p. 210—217°, 
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Prepared from resorcinol and purified by Skraup’s method. 


4 and 3 


ectrum continuous tO .............0000. 
apie a civdenrccircedeaine 
Line at 
Very faint indication of spectrum 
beyond this. 
sine as 5 mm. 

Spectrum continuous tO .......ssceceseees 
Absorption band..............-...s0000 
Line showing in absorption band at . ¥ 

an 


Weak spectrum... oy? 
Spectrum practically ‘continuous ‘to ... 
Still weak in the position of the 
absorption band. 


Spectrum practically continuous to ... 

But still weak in the position of the 
absorption band. 

Spectrum continuous tO .........-..se0e0e 


1 milligram-mol. in 100 c.c. water. 


1 milligram-mol. im 500 ¢.c. water. 


3638 
3633—3886 
8886 


4133 


4175 
4320 
4421 


Thickness 
“iqela in Description of spectrum. Mr, a. 
mm. 
1 milligram-mol. in 20 c.c. water. 
50 and 25 | Spectrum continuous to ...........ss0008 3323 3009 
20 and 15 ue ic > Seierobea ated 3362 2974 
10 i gp 2 OP  eevams bere tenes 3521 2840 
5, 4, 3, 2 6 so, =" feSatieatiihemiiatela 3568 2802 


2748 
2748—2573 
2578 


2748 
2748—2573 
2707 
2615 


2573—2419 
2419 
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Phloroglucinol Trimethyl Ether, CsH,(O'CH,). M. p. 52°5°. 


Thickness 
. Mg Description of spectrum. Wa, A 
= mm. 
1 milligram-mol. in 100 ¢.c. alcohol. 
25 Spectrum continuous to ............0.000 3534 2829 
20 
| pe in ty  deesadienadoumeies 3568 2802 
10 
5 - = ae re © 3638 2748 
Absorption band..................66:65 3638—3886 | 2748—2573 
OS SS Ee A ES 8 ee ere 3886 2578 
4 The same as 5. 
3 Spectrum continuous to ..........scsec00+ 3638 2748 
Absorption band.................:.00+ 3638—3886 | 2748—2573 
Lines showing in absorption band at... 8694 2707 
: and 8824 2615 
Very faint indications of spectrum 
NINE; ‘neukncondaahidisuedinatingsvdvanides 8886 2578 
2 Spectrum practically continuous to ... 4038 2476 
| Still weak in position of band. 
1 Spectrum continuous to...........sc0000e 4133 2419 
1 milligram-mol. in 500 c.c. alcohol. 
5, 4, 8, 2 | Spectrum continuous to ..............0+6. 4133 2419 
1 va be ayy ow econ 4421 2261 
Pyrogallol, C,H,(OH), [1:2:3]. M. p. 132—134°. 
Thickness 
“liquid in Description of spectrum. WA, A. 
mm. 
| 
1 milligram-mol. in 20 c.c. water. 
‘ | 
25 Spectrum continuous to ...........:s00++ 3385 2954 
ss 2 See T seth eal 8474 2878 
7 me +. WetbNidenenstersds 3491 2864 
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Pyrogallol, O;H,(OH), [1:2:3]. M. p. 132—134° (continued). 


Thickness 
. on f Description of spectrum. Mr. A. 
millimetres. 
| 
1 milligram-mol. in 100 c.c. water. 
5and 4 | Spectrum continuous to ............s0000 3568 2802 
3 - RE Bite aE &1 3638 2748 
2 0 Shiice: .  srafonioninmgnnes 3638 2748 
Absorption band...................006+. 8688—3824 | 2748—2615 
Lines showing in band at .. ............ 3694 2707 
Very weak spectrum. ..........sssscssceeees 8824—4125 | 2707—2424 
1 Spectrum practically continuous to ... 4125 2424 
Still weak in position of the absorp- 
tion band. 
1 milligram-mol. in 500 ¢.c. water. 
5 Spectrum practically continuous to ... 4125 2424 
But still weak in position of absorp- 
tion band. 
4 Spectrum continuous tO .......ceceecseees 4165 2400 
Still weak in absorption band. 
3 Spectrum continuous tO ...........sseee0 4297 2327 
2 ” i Ser RE es 4321 2314 
1 ” 0 tt«*«éN asin eoreane 4405 2270 
Phenol, O;H,*OH. B, p. 182°. 
Thickness 
Tiqued in Description of spectrum. Wr. a. 
mm. 
1 milligram-mol. in 20 ¢.c. alcohol. 
25 and 20 | Spectrum continuous to ............0000 8179 3145 
15 ” ost veaiceaaieal 3179 3145 
Faint prolongation t0 ..1...s00.0+ seceeees $240 3086 
10 and 5 | Spectrum continuous to ..........sscseee 8295 3034 
4 and 3 Pr os 8323 3009 
2 " CY eben tnemiiatieoel 3354 2981 
1 9 eR Sine 3429 2916 
Lines showing very faintly at............ 4112 2431 
4125 2424 
and 4245 2355 
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Phenol, C,H,-OH. B. p. 182° (continued). 


Thickness | 
phe: ym Description of spectrum. Mr. A. 
millimetres. 
1 milligram-mol. in 100 c.c. alcohol. 
5 Spectrum continuous to ..........csceeees 3429 2916 
Lines showing as in (1) above. 
4 Spectrum continuous to ............05006 8429 2916 
Absorption Ee es 3429—4112 | 2916—2431 
PINNED sucicnmiadeubiresecnsesena ponerse 4112—4125 2431—2424 
3 Spectrum continuous to................66 3491 2864 
Absorption band.....................6 3491—4.112 | 2864—2431 
Spectrum continuous ................0..0.| 4112—4245 | 2431—2855 
2 Spectrum continuous to.......... ........ 3521 2840 
‘Absorption eee eee 3521—3886 | 2840—2573 
Spectrum continuous ...............00e0es 3886—4321 | 2573—2314 
1 Spectrum continuous to ................45 3527 2835 
Absorption band........................ 3527—3824 | 2835—2615 
Spectrum continuous ..........cceeeee ees 3824—4321 | 2615—2314 
1 milligram-mol. in 500 c.c. alcohol. 
5 Same as (1) above. 
4 Spectrum continuous to ............se000 3527 2835 
Absorption a 3527—3824 | 2835—2615 
Spectrum continuous .............seeeee 3824—4368 | 2615—2289 
Lines showing in absorption band at... 8568 2802 
and 3638 2748 
3 Spectrum practically continuous to ... 4368 2289 
But still very weak in the position of 
the absorption band. 
2and1 | Spectrum continuous to ...... .....csse 4413 2266 


XCVI.—TZhe Colour Changes exhibited by the Chlorides 
of Cobalt and some other Metals, from the Stand- 
point of the Theory of Electroaffinity. 


By Freperick G. Donnan and Henry Bassett, jun 


Tne colour phenomena exhibited by cobalt chloride have attracted 

attention for a long time, with the result that a great many interest- 

ing facts have been accumulated. Without going into details, these 

may be briefly stated as follows. The familiar red solid is the hexa- 
3.R 2 
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hydrate, which, on loss of water, passes into lower hydrates possessing 
tints varying from violet-red to blue-violet, The anhydrous salt, 
as obtained by sublimation in a stream of chlorine, possesses a pale 
sky-blue colour. Aqueous solutions of cobalt chloride may be either 
red, violet, or blue, the colour depending on the concentration and 
temperature. The higher the temperature and the greater the con- 
centration, the bluer the solution tends to become. Red aqueous solu- 
tions may also be turned blue by the addition of the chlorides of the 
metals of pronounced basic function. In this respect, the very sol- 
uble chlorides of magnesium and calcium are particularly effective. 
Thus, if cobalt chloride be added to strong solutions of calcium or 
magnesium chloride at the ordinary temperature, violet to blue solu- 
tions are obtained. The chlorides of potassium and sodium appear to 
be not so effective, but that they act in a similar manner is clear from 
the fact that solutions of cobalt chloride containing them become blue 
when heated at lower temperatures than the pure solutions. The 
chlorides of zinc, mercury, antimony, tin, &c., act in the opposite 
manner, that is, if added in sufficient quantity they turn blue solutions 
of cobalt chloride red, whether these blue solutions have been ob- 
tained by the addition of the chlorides enumerated previously or by 
elevation of temperature. 

Hydrochloric acid is still more effective than magnesium and calcium 
chloride in producing blue solutions at the ordinary temperature. 

With respect to other solvents, it may be remarked that very dilute 
solutions in methyl alcohol are reddish and resemble the aqueous 
solutions at the ordinary temperature, whilst stronger solutions are blue. 
All solutions in ethy] alcohol are blue at the ordinary temperature. 


Theories to Account for these Facts. 


1. Hydration Theory.—The blue colour of the alcoholic solution 
and of the aqueous solution when raised to a sufficiently high tempera- 
ture or when added to the solution of a dehydrating agent such as 
calcium chloride, taken in conjunction with the blue colour of the 
anhydrous salt, has led to the view that the red solutions contain the 
hydrated salt, whilst the blue solutions contain the anhydrous salt or, 
at all events, a lower hydrate. This hypothesis has been supported by 
von Babo (Jahresber., 1857, 72), Schiff (Jahresber., 1859, 52), Gladstone 
(this Journal, 1858, 10, 79; 1859, 11, 36), Russell (Proc. Roy. Soc., 
1881, 32, 258), Tichborne (Chem. News, 1872, 25, 133), Etard (Compt. 
vend., 1891, 113, 699 ; 1895, 120, 1057), Wrewsky (J. Russ. Phys. 
Chem. Soc., 1899, 31, 164), Potilitzin (Ber., 1884, 17, 276; Bull. Soe. 
Chim., 1891, [iii], 6, 264), Wyrouboff (Bull. Soc. Chim., 1891, [iii], 5, 
460), Charpy (Compt. vend., 1891, 113, 794), and Hartley (Zrans. Roy. 
Dub. Soc., 1900, [ii], '7, 253). 


i. ff 2 ae 
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The spectroscopic researches of Russell led him to favour the hydra- 
tion theory. He observed a great similarity in the absorption 
spectra of fused mixtures of cobalt chloride with alkali chlorides, of 
the blue hydrochloric acid solutions, and of the concentrated solutions 
of cobalt chloride in methyl, ethyl, and amyl alcohols, glycerol, and 
various esters, ascribing this similarity to the presence of the uncom- 
bined anhydrous chloride. The spectrum of the aqueous solution 
varied with the concentration. Saturated solutions showed the bands 
at 41610 and 625 which are characteristic of the above, whilst dilute 
solutions showed a faint, wide absorption band between A 550 and 485. 
The absorption spectra have also been studied by Etard, Vogel (Ber., 
1878, 11, 913), and very fully by Hartley. The latter gives photo- 
graphs of theabsorption spectra which show their inter-relationships very 
clearly. The increase of absorption at the red end of the spectrum on 
rise of temperature, is very clearly shown in the case of saturated solu- 
tions of cobalt chloride, either pure or mixed with a saturated solu- 
tion of calcium chloride. It is evident from the spectra that solutions 
of cobalt chloride in hydrochloric acid and in saturated calcium 
chloride solution contain something which is also produced in the 
strong aqueous solution on rise of temperature. This is regarded by 
Hartley as the anhydrous chloride and adduced as evidence in support 
of the hydration theory, but the facts admit of another interpretation, 
as will be shown in the course of this paper. 

2. Engel’s Theory.—Engel (Bull. Soc. Chim., 1891, [iii], 6, 239) has 
brought forward many arguments to show that the observed phenomena 
cannot be explained by the hydration or dehydration of the cobalt 
chloride molecule in solution. Thus zinc chloride, although a dehydrating 
agent, produces the opposite effect to calcium chloride. According to 
Engel, the changes of colour of the solutions from red to blue or 
vice versd are due to the formation of double haloid salts. In the case 
of cobalt chloride alone, he supposes that rise of temperature produces 
hydrochloric acid owing to increased hydrolysis of the salt, and that 
this then combines with the cobalt chloride to form a blue double 
compound. Double salts containing cobalt chloride and another 
chloride have in fact been isolated by Engel, Le Chassevent (Bull. Soc. 
Chim., 1891, [iii], 6, 3), Hautz (Ann. Phys. Chem., 1848, [ii], 66, 284), 
and Russell. 

Although the explanation given by Engel of the colour-change 
produced by rise of temperature in solutions of cobalt chloride is almost 
certainly incorrect, as has been pointed out by Le Chatelier (Bull. Soc. 
Chim., 1891, [iii], 6, 3, 84, 209), nevertheless his views concerning 
the effects produced by the addition of other chlorides indicate an 
undoubted advance in the subject. 

3. Bersch’s Theory.—Bersch (Wien Akad. Sitzungsber., 1867, [ii], 
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56, 724) thought he observed a change of the red hexahydrate to 
blue at a temperature of 30—35° without decomposition, and on this 
based the view that cobalt salts could exist in two isomeric modifications 
possessing different colours. This has, however, been disproved by 
Potilitzin (Joc. cit.), who showed that no change occurs below 54° (Etard’s 
solubility curves would make this temperature about 50°). At this 
temperature a transition point is reached, the hexahydrate changing 
into the lower hydrate, CoCl,,2H,O. These results have been con- 
firmed by Lescoeur’s (Ann. chim. phys., 1890, [vi], 19, 551) investi- 
gations on the hydrates of cobalt chloride. When the transition 
point is attained, the hexahydrate “ melts in its water of crystallisation” 
and a small amount of blue saturated solution is produced. It was 
probably this which led to the mistake on Bersch’s part. 

4. Ostwald’s Theory.—According to Ostwald (see the Lehrbuch der 
allgem. Chemie, and also Grundlinien der anorg.'Chem., p. 620), the blue 
colour is due to the non-ionised salt, the red colour to the cobalt 
cation. The production of blue solutions on rise of temperature may 
then be explained as due to a decrease of ionisation, whilst the addition 
of other chlorides would tend to make the solutions blue by diminishing 
the ionisation of the cobalt chloride. According to Salvadori (Gazzetta, 
1896, [i], 26, 237), cobalt chloride is in fact_more dissociated in aqueous 
solution at 0° than at 100°. His experimental numbers appear, 
however, to point to an opposite conclusion. Moreover, the values of 
van’t Hoff’s factor, as found by Tarugi and Bombardini (Gazzetta, 
1900, [ii], 30, 405), for cobalt chloride solutions at the boiling point, 
agree very well with the values found by us at the freezing point. 


Preliminary Experiments. In conjunction with C. J. J. Fox. 


The following experiments show that there is a more or less com- 
plete parallelism between the colour changes as shown by aqueous 
and alcoholic solutions, so that these changes can scarcely be ascribed 
to varying degrees of hydration. 

The effect of temperature on the colour of the aqueous solutions is 
shown also by the solution of the anhydrous salt in anhydrous alcohol, 


the only difference being that the change from red to blue occurs in’ 


the latter case at a very much lower temperature. 

The alcohol used in all these experiments had been carefully dried 
by long-continued boiling in presence of excess of fresh calcium oxide. 
The cobalt chloride was obtained by reducing the oxalate in a current 
of hydrogen and then subliming the chloride in a current of dry 
chlorine. 

On cooling the blue alcoholic solution down to - 79° in a mixture of 
ether and solid carbon dioxide, it becomes perfectly red, resembling the 
dilute aqueous solution at the ordinary temperature, Moreover, the 
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pale blue, solid anhydrous chloride, if cooled down to the temperature 
of boiling liquid air, becomes reddish-violet in colour. It is known 
that the red anhydrous cobalt sulphate becomes violet when heated. 
If a solution of the sulphate in concentrated sulphuric acid be heated 
to the boiling point of the acid, it becomes bluish-purple in colour. 
All these results leave no doubt that the presence or absence of water 
plays no essential part in the colour changes shown by cobaltous salts. 

The parallelism between the aqueous and alcoholic solutions extends 
even to the effects produced by zinc and mercuric chlorides, for these 
salts, if added in sufficient quantity to the blue solutions of cobalt 
chloride in alcohol, turn them red just as they redden the hot, blue 
aqueous solution. Experiments made by Beckmann’s boiling point 
method in alcoholic solution show that combination occurs between 
cobalt and mercury chlorides, as the following results show : 


Mercurie Chloride.* HgCl,=270. 
Wt. of alcohol employed = 12°77 grams. 


Weight of HgCl, added. | Elevation of boiling point. Mol. wt. calculated. 


0°1409 gram 0°044° 288 
0°2007 ,, 0067 270 


A series of experiments was now made in which cobalt chloride was 
first added to the alcohol and the rise of boiling point determined, 
mercuric chloride and cobalt chloride being then added to the same 


solution : 
Wt. of alcohol = 10-07 grams. 


Weight of cobalt chloride. | Elevation of boiling point. | Calculated molecular wt. 


0°0189 gram 0-026° 140 
00463 ,, 0°037 143 


Weight of mercuric chloride added : 


0°1760 gram 0°054 373 
02346 ,, 0-075 363 
02791 ,, 0-090 354 
0°5337 _,, 0°177 344 
Weight of cobalt chloride added : 
00410 gram 0°024 195 
0-0600 ,, 0-035 196 
0°0982 ,, 0°058 193 


* The mol, wt. of mercuric chloride in alcoholic solution has been already deter- 
mined by Beckmann (Zeit. physikal. Chem., 1890, 6, 453). 
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The high values obtained for the “calculated molecular weights ” of 
the mercuric chloride show clearly that the cobalt chloride already 
present in the solution enters into combination with it to a consider- 
able extent. The amount of combination can be readily calculated in 
any particular case. Thus, the addition of 0°5337 gram of mercuric 
chloride would, if unaffected by the cobalt chloride, have produced an 
elevation of 0°218° as follows from the results given in the first table, 
Instead of that the elevation was only 0°177°, the deficit being 0°041°. 

This deficit is proportional to the number of “active units’? which 
have disappeared owing to combination in solution. The percentage 

0041x100 _ 
0°218 + 0:037 


= 16 percent. The results obtained on further addition 


disappearance of active units is accordingly equal to 


0-041 x 100 
0°255 

of cobalt chloride to the same solution confirm the above conclusion. 

The reddening effect produced by mercuric chloride is thus independent 

of the solvent, and is connected with a simultaneous disappearance of 

active units from the solution, We shall defer the discussion of this 

until later. 


Existence of Complex Cobalt Anions. 


None of the theories hitherto put forward being capable of giving a 
satisfactory account of the observed phenomena, it occurred to us that 
the colour of the blue solutions might be very largely due to the 
presence of complex anions containing cobalt. The formation of such 
complex ions has been shown by Abegg and Bodlander (Zeit. anorg. 
Chem., 1899, 20, 453) to play a very important part in inorganic 
chemistry. These complex ions are regarded by Abegg and Bodlinder 
as being formed by the union of simple ions with undissociated mole- 
cules. Thus, in the case of cobalt chloride we should have: 


CoCl, + 2Cl = CoC, 
or 


CoCl, + Cl = Coll, 


or perhaps both. Cobalt is already known to have a strong tendency 
to form complex negative ions. Thus it is distinguished from nickel 
by its power of forming a stable complex anion with the cyanogen ion. 
In the present case, the complex anions exist in a state of dissociation- 
equilibrium with the undissociated salt and the chlorine ions. Their 
formation will be evidently favoured by increase of concentration. It 
follows also from the above equations that an increase in the concen- 
tration of the chlorine ions will produce an increase in the amount of 
the complex ions. This can be effected by the addition of other 
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chlorides, particularly if they are very soluble, so that a large amount 
of chlorine ions can be introduced into the solution. It is necessary, 
however, that the metallic ions, simultaneously introduced with the 
chlorine ions should possess a smaller tendency than cobalt to form 
negative complexes. This condition is fulfilled by metals of relatively 
strong basic function, such as the metals of the alkalis and alkaline 
earths, as also by hydrogen. On the other hand, metals such as zinc, 
mercury, cadmium, antimony, tin, &., possess a greater tendency to 
form negative complex ions than cobalt, and so their effect is to break 
up the cobalt complexes, with the formation of new complexes in 
which they take the place of cobalt. This may be represented as 
follows : 


CoCl, = CoCl, + 201, 


ZnCl, + 2Cl = ZnCl, 


This view of the matter affords a simple explanation of the different 
effect produced by the two classes of chlorides enumerated above. 

Although the particular form of the equations of equilibrium in the 
case of highly dissociated electrolytes is a matter of considerable un- 
certainty at the present time, nevertheless, the simple thermodynamic 
law of mass-action may be utilised to illustrate the conditions of 
equilibrium in such a case as the present, 

Thus, corresponding to the equilibria : 


CoCl, = CoCl, + 2Cl, 


++ — 
CoCl, = Co + 2Cl, 
we have the equations : 
KC occ, - Coon,’ Cor, 
Koo, = Co.°Ch, 
whence 
RCo, = Co 0°Cr 


From these equations, we have also 


— Oooo, i: St 
Coo + Coocr, k k+&% 


This ratio may be termed the ‘“ complexity-ratio” of the cobalt, 
It expresses the ratio of the cobalt present in the solution as complex 
anion to that present as cation + undissociated salt. If, now, another 
metal is present in the solution, which can also form complex anions 
of similar type, say zinc, we shall have a similar equation for it. If 


« 
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we suppose, for simplicity, that the value of & is the same in both 
cases, then we obtain the simple result : 


Co k" 


7 a9 
TZn k 


denoting by r the ratio above referred to. 


Electrolytic Experiments. 


(a) Aqueous Solutions.—The simplest way of ascertaining the pre- 
sence of complex anions in the blue solutions was to employ the 
method used by Orme Masson (Phil. Trans., 1899, 192 A, 331). We 
found it impossible, however, to get the gelatin to set in the strong 
salt solutions required. Many experiments were tried with a modified 
apparatus in which no gelatin was employed, the ends of the glass 
connecting tube being closed by plugs of plaster of Paris. The re- 
sults obtained by this method agreed in every case with those to be 
described presently. Thus, when the two end vessels were filled with 
the blue calcium chloride solution and the connecting tube contained 
pure calcium chloride, a blue layer entered the tube from the cathode 
vessel on passing the current, and travelled towards the anode, whilst 
no colour appeared on the anode side. If, on the other hand, the end 
vessels contained red cobalt chloride solution, whilst the connecting 
tube was filled with potassium chloride solution, a pink layer entered 
the tube from the anode vessel and travelled towards the cathode, and 
no colour appeared on the cathode side. Many control experiments 
were tried with copper sulphate solution, Fehling’s solution, &c., and 
the results appeared to show that the influence of electric endosmose 
was negligible. Direct measurement showed, in fact, that no easily 
measurable amount of electric endosmose occurred. As, however, the 
possibility was always present that our results might be due to a 
small amount of endosmose, we tried many other forms of apparatus, 
in which no porous plugs were preseut, but in which bodily streaming 
of the liquid was prevented by the use of a closed mercury electrode. 

The results were, however, almost invariably disturbed by the 
occurrence of uncertain volume-changes, owing to separation of sub- 
stances at the closed electrode, so that we finally adopted a simple 
U-tube, similar to that recommended by Nernst (Zeit. Hlektrochem., 
1897, 3, 308). This was first filled with the lighter, colourless liquid, 
the heavier coloured layer being subsequently introduced from under- 
neath by means of a capillary tube, one end of which was sealed to 
the bottom of the U-tube, the other end being attached to a tap and 
funnel. Platinum wires were employed as electrodes, The 110-volt 
lighting circuit was connected to the electrodes throygh a single 
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200-ohm lamp. The U-tubes employed were about 20 cm, in height 
and 6 mm. in internal diameter. During the passage of the cur- 
rent, the tubes were cooled by being immersed in beakers, through 


which water from the main constantly flowed. 
fairly constant temperature was obtained. 


were electrolysed in this way : 


Lower Coloured Layer. 


1, Cobalt chloride in concen- 
trated hydrochloric acid (blue). 

2. Cobalt chloride in concen- 
trated magnesium chloride solu- 
tion (blue). 

3. Cobalt chloride in concen- 
trated calcium chloride solution 


In this way, @ 
The following solutions 


Upper Colourless Layer. 


Concentrated hydrochloric acid. 


Concentrated magnesium chlor- 
ide solution. 


Concentrated calcium chloride 
solution. 


(blue). 
4, Cobalt 
(fairly dilute). 
5. Cobalt chloride + concen- 
trated calcium chloride + zinc 
chloride (red). 


chloride solution Potassium chloride solution. 
Concentrated calcium chloride 


solution + zine chloride. 


In experiments 1, 2, and 3, the blue lower layer moves towards 
the anode, going down on the cathode side.and up on the anode 
side, whereas in experiments 4 and 5 the lower red layer behaves 
in exactly the opposite manner. These results are not due to changes 
of level, resulting from differences of density produced by decom- 
position at the electrodes, or from unequal evaporation, as the 
upper levels of the colourless liquid were always marked, and were 
not found to change to any appreciable extent during the course 
of an experiment. 

These results seem to prove without doubt the existence of complex 
anions in the blue solutions experimented with. The motion of the: 
boundaries is, however, a much more complicated matter than in the 
simple case where each solution contains only one sort of negative ion, 
these ions being both perfectly stable. The blue complex anions can 
only exist in presence of a large excess of chlorine ions, and so the 
negative current is very largely carried by the latter. Moreover, as 
the blue anions move upwards into the colourless layer where no cobalt 
is present, they will dissociate to some extent, and the positive cobalt 
ions so produced will constantly move downwards towards the cathode. 
The rate of movement of the blue layer towards the anode will accord- 
ingly depend on the relative concentration of the complex cobalt anions 
and on their stability in the upper colourless layer into which they 
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advance. We should therefore expect that the rate of movement towards 
the anode would run parallel with the “ blueness”’ of the solution. As 
a matter of fact, this rate is greater in 1 than in 2, and greater in 2 
than in 3, and in agreement with this solution 1 is bluer than solution 
2, and 2 bluer than 3. The motion is comparatively fast in the 
hydrochloric acid solution, the boundary moving under the above con- 
ditions about 2 cm. per hour, so that this case is well adapted for a 
lecture-experiment. 

Control experiments were made in the same apparatus with the 
following solutions : 


Lower Coloured Layer. Upper Colourless Layer. 
6. Fehling’s solution. Alkaline tartrate solution. 
7. Ammoniacal copper sulphate Ammonium hydroxide + am- 
solution. monium sulphate. 


The colour of Fehling’s solution is due to a negative ion which, as 
Masson has shown, moves towards the anode, whilst the deep blue 
colour of the ammoniacal copper solution is known to be due to a 
positive copper-ammonia ion. In agreement with this, the blue liquid 
moves towards the anode in 6, and towards the cathode in 7. 

(6) Solutions in Ethyl Alcohol.—The solutions of anhydrous cobalt 
chloride, calcium chloride,* and hydrochloric acid in anhydrous ethyl 
alcohol conduct electricity fairly well, so analogous experiments were 
made in alcoholic solution with very satisfactory results. Owing to 
the relatively small conductivity, much smaller U-tubes were used with 
the same potential difference. The following solutions were electro- 
lysed : 


Lower Coloured Layer. Upper Colourless Layer. 
8. Cobalt chloride in alcohol Calcium chloride or hydrochloric 
(blue). acid in alcohol. 
9. Cobalt chloride + mercuric Mercuric chloride in alcohol. 
chloride in alcohol (red). 
10. Ditto. Hydrochloric acid in alcohol. 


In experiment 8, the anodic boundary remained sharp and moved up 
quite rapidly towards the anode. The cathodic boundary moved down- 
wards away from the corresponding electrode, but on this side consider- 
able mixing occurred. This experiment is very important as it proves 
the existence of blue complex anions in the solution of cobalt chloride 


* The anhydrous calcium chloride was obtained by heating the ordinary “‘ dry” 
calcium chloride (which contains about half a mol. of water of crystallisation) with 
excess of ammonium chloride, and the freedom of the product from water or basic 
chloride proved by titration with silver nitrate solution. 
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in anhydrous alcohol. The importance of this experiment is connected 
not so much with its bearing on the present subject as with its relation 
to the general theory of solutions. As we have seen, the molecular 
weight of cobalt chloride in alcoholic solution as determined by the 
boiling point method is somewhat greater than normal (140 instead of 
130), and yet the solution evidently contains a considerable number of 
ions owing to its moderately good conductivity.* Many examples of a 
similar sort, for example, silver nitrate in pyridine, have been recently 
brought forward by Kahlenberg (J. Physical Chem., 1901, 5, 339) as 
evidence against the electrolytic dissociation theory. The apparent con- 
tradiction disappears in the case of cobalt chloride in alcohol now that 
the existence of complex anions in this solution has been definitely 
proved. For example, if the net result of solution of cobalt chloride 
in alcohol correspond to the following equation, 


++ - - 
2CoCl, — Co + CoCl,, 

the solution will conduct electricity and yet the calculated molecular 
weight will be normal. As some of the undissociated compound 
Co(CoCl,) may exist in the solution as well as its ions, it is not sur- 
prising that the calculated molecular weight is greater than “ normal,” 
It seems very probable that many of the anomalies to which Kahlen- 
berg and others have recently directed attention may admit of explana- 
tion in a similar manner. 

With regard to the particular problem dealt with in this paper, the 
proof of the existence of complex cobalt anions in the blue alcoholic 
solution containing only cobalt chloride is of importance because, 
reasoning by analogy, it is fair to assume that the blue colour exhibited 
by the hot concentrated aqueous solutions has a similar origin. 
Attempts were made to obtain a direct proof of this by the electrical 
method, but the conditions were too unfavourable. For one thing, it 
is difficult to know what solution to employ as the upper colourless 
layer in which the stability of the complex ions will be preserved 
without being increased, and secondly, the heat produced by the current 
if a sufficient potential-difference is used results invariably in very 
great mixing and even causes the solution to boil. 

In experiment (9), the conductivity of the mercuric ‘chloride in 
alcohol is so slight that the current had to be left on over-night in 
order to obtain an effect. Although the boundaries were not quite 
sharp the next morning, there was no doubt that the cathodic 
boundary had moved upwards towards the cathode, the anodic 
boundary having moved downwards away from the anode, showing 
that in this case the red colour is due to positive cobalt cations. In 


* Thus the specific conductivity of a 0:9 per cent. alcoholic cobalt chloride solution 
was measured and found to be 0°00024 at 25°. 
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experiment (10), when the tube was filled a faint blue colour was formed 
at the junction of the two liquids owing to the action of the hydrochloric 
acid. On passing the current, the faint blue coloration at the anodic 
boundary moved off towards the anode, leaving a colourless layer above 
the lower red liquid. At the cathodic boundary, a dark blue layer soon 
made its appearance, its upper surface remaining coincident with the 
original boundary while its depth increased downwards. These results 
are easily explained by the motion of the mercuric chloride complexes 
towards the anode and of the cobalt cations towards the cathode, 
Both effects will conspire to favour the production of complex cobalt 
anions at the cathodic boundary. 

An experiment was tried in which the U-tube, filled as in experiment 
(8), was cooled down to — 79° (experiment No. 11). In this case, the 
cobalt chloride solution is red, as previously remarked. According to our 
view it must contain chiefly cobalt cations. On passing the current for 
several hours, a small but distinct movement of the boundaries towards 
the cathode ,was observed. The experiment is, however, difficult 
owing to the small conductivity of the solutions. 

It may be noted here as another striking fact that the blue solution 
of cobalt chloride in concentrated hydrochloric acid turns to a highly 
viscous red liquid (glass) at the temperature of boiling liquid air. We 
have not attempted, however, to electrolyse this solution. 


Freezing Point and Boiling Potnt Experiments. 


The results obtained (see p. 943) by the boiling point method with 
cobalt and mercuric chlorides in ethyl alcohol admit now of a simple 
explanation. The electrolytic experiments show that the alcoholic 
solution contains blue complex ions and that these are broken down on 
the addition of mercuric chloride. The following equations illustrate 
the mechanism of the reaction : 


(a) HgCl, +2Cl = HgOl, 


(6) CoCl, = CoC], +201 = Go+ 4Cl. 
When mercuric chloride is added to the cobalt chloride solution then 
owing to (a) the boiling point of the solution will be raised to an 
abnormally small amount. This is partly counteracted by the reaction 
(6) in which a further dissociation of the CoCl, ions occurs owing to 
removal of the chlorine ions with which they were in equilibrium. 
The net effect may well be an abnormally small rise of boiling point. 
The matter may be also looked at from the following point of view. 
The reaction consists essentially in a formation of HgCl, complexes 
at the expense of the CoCl, complexes. If the {ionisation were com- 


— - 
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plete, this reaction would not affect the total number of active units 
in solution, as the following equation shows : 
Co | CoCl, + 2HgCl, — 2Co | HgCl,, 
whereas in the other extreme case of complete non-ionisation there 
would be a very considerable reduction, as shown by the equation 
Co(CoCl,) + 2HgCl, — 2Co(HgCl,). 
The actual state of affairs corresponds doubtless to a mean between 
these two extreme cases. 


Experiments made by the freezing point method in aqueous solution 
indicate a similar state of equilibrium, as the following results show : 


Lowering of freezing Calculated molecular 
Substance added. point. weight. 


Wt. of water = 16°80 grams. 


0°3012 gram CoCl,6 aq. 0°338° 53°2 (for CoCl,) * 
+0°1947 ,, HgCl, 0°047 452°7 (for HgCl,) 
0°385 


Weight of water= 16°38 grams. 


0°1898 gram HgCl, 0°088° 243°6 (for HgCl,) 
+0°2987,, CoCl,6 aq. 0293 61°4 (for CoCl,) , 
0:381 


* This value agrees well with the values 50—56 found by Tarugi and Bombardini 
by Landsberger’s boiling point method (Joc. cit. ). 


In the calculation of the above results, allowance has been made for 
the water of crystallisation added with the cobalt chloride. The ex- 
periments were so arranged that the concentratiop of each salt was 
the same in both cases. It follows from the above that the additional 
lowering of freezing point produced by the second salt is much lower 
(and hence its calculated molecular weight much higher) than when it 
is added to pure water. There is therefore a disappearance of active 
units in the mixed solution of the two salts. The interpretation is 
facilitated in this case by the fact that the cobalt chloride is almost 
completely ionised in these dilute solutions, whilst the ionisation of 
the mercuric chloride is very slight. The reaction which occurs is 
represented most probably by the equation 


++ - ++ -- 
Co + 2Cl + HgCl, — Co + HgCl,. 
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been 0°088 if no interaction had occurred. The deficit = 0°088 — 0°047 = 


0041 represents the number of units which have disappeared. The 


4 ‘ 0-041 x 100 

percentage disappearance is therefore = 008840338 ~ 96. Cal 
culating in the same way from the results given for cobalt chloride, 
the percentage diminution of active units is found to be 10°6. The 
agreement is quite as good as could be expected. 

Experiments were also made by the boiling point method in alcoholic 
solution in order to compare the effects produced by mercuric and 
calcium chlorides. In two experiments, the molecular weight of 
anhydrous calcium chloride in alcohol was found to be 107°8 and 


108°5, so that the value found is practically normal (CaCl, = 111). 


Wt. of alcohol = 7°69 grams. 


Substance added. Rise of boiling point. | Calculated molecular weight. 


0°0655 gram CoCl, 139°9 (for CoCl,) 
+0°1168 ,, CaCl, 0°145 120°5 (for CaCl.) 


These results also indicate a disappearance of individuals in the 

mixed solution of the chlorides. Thus, the rise of boiling point on the 

addition of 0°1168 gram CaCl, would have been 0°162° if no inter- 

action had occurred (since the effective molecular waight of the calcium 

chloride is 108). Hence the percentage diminution of active units 
07162 -—0°145 

= 100 x 016220070 = 73. 

As the solution of calcium chloride in alcohol conducts electricity 
and yet gives a practically normal molecular weight for the dissolved 
salt, it must contain complex ions. The reactions which will occur 
when this solution is mixed with a solution of cobalt chloride will 
therefore probably be very complicated. A discussion of the above 


effect must therefore be deferred until more is known about these 
equilibria. 


Other Evidence for the Existence of Complex Anions containing Cobalt. 


(a) Solubility.—Sabatier (Compt. rend., 1888, 107, 42) found that 
the solubility of cobalt chloride in water is at first diminished by the 
addition of hydrochloric acid, and then subsequently increased in the 
case of more concentrated solutions of the acid. Matters are some- 


The percentage disappearance of active units can be readily calcu- 
lated. Thus, on the addition of mercuric chloride to the solution 
containing cobalt chloride, the lowering of freezing point would have 
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what complicated by the fact that as the strength of the acid increases 
the degree of hydration of the solid salt in equilibrium with the solu- 
tion will diminish, but the existence of a minimum point with increasing 
solubility in stronger acid points to the formation of complex ions in 
the solution. 

(6) Conductivity.—According to Trétsch’s results (Ann. Phys. Chem., 
1890, [iii], 41, 259), the temperature coefficient of the electrical con- 
ductivity of strong solutions of cobalt chloride at first increases with 
the temperature and then diminishes, or, in other words, the curve 
connecting conductivity and temperature shows a point of inflexion at 
a temperature between 40° and 50°. We have verified the existence 
of this point of inflexion by a determination of the conductivities of a 
32 per cent. solution of cobalt chloride at various temperatures between 
9° and 83°, 

Similar points of inflexion are shown according to Triétsch and 
Holland (Ann. Phys. Chem., 1893, [iii ], 50, 261) by solutions of cupric 
chloride and various sulphates, whereas solutions of salts containing 
two univalent ions, such as the chlorides, nitrates, chlorates, &c., of 
the alkali metals possess continually increasing temperature-coefiicients. 
The point of inflexion and the subsequent falling-off of the temperature 
coefficient of conductivity are quite in agreement with the formation 
of complex negative ions, for this process would tend to diminish the 
conductivity both by decreasing the total number of ions in the solution 
and by producing ions of smaller mobility. 

(c) Transport-number.—According to Bein’s results (Zeit. physikal. 
Chem., 1898, 27, 1) the transport-number of cobalt in solutions of 
cobalt chloride varies very considerably with the concentration, being 
0404 in a solution containing 0°2 per cent. of chlorine at 18°, and 
0:264 in a solution containing 9°8 per cent. of chlorine at 27°. This con- 
siderable decrease in the migration-constant of cobalt in the stronger 
solutions indicates the formation of complex anions containing cobalt, 
which therefore transport cobalt towards the anode. 

The case of solutions of cadmium iodide is a familiar instance of the 
same phenomenon in an extreme form. 

(d) Heat of Dilution.—On diluting a concentrated solution of cobalt 
chloride, an evolution of heat occurs. This effect is probably due to 
several causes, but it is worthy of note that the dissociation of the 
complex ions which occurs on dilution must be accompanied by an 
evolution of heat, since the formation of these ions is favoured by rise 
of temperature, and is therefore an endothermic process. The very 
considerable evolution of heat which occurs on dilution of a concentrated 
zinc chloride solution is probably due in part to a similar cause, for, as 
shown above, zinc possesses a greater tendency than cobalt to enter 
into negative complex ions. 
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Colour of the Cobalt Salts. 
From the foregoing results, it appears highly probable that the blue 


colour is largely due to complexes such as CoCl, or CoCl,. Taking 
this into consideration, together with the blue colour of the anhydrous 
salt, it seems reasonable to suppose that when the cobalt atom exists 
in close association with chlorine atoms, the system gives rise to a blue 
colour. The colour due to the undissociated molecule, CoCl,, in solution 
is therefore most probably also blue. On the other hand, the colour 
due to the cobalt atom when outside the immediate sphere of the 
chlorine atoms appears to be red. Thus the colour produced by the 
free cobalt cations in aqueous solution is red, whilst the red colour of 
the solid hexahydrate is doubtless due to the fact that the water mole- 
cules intervene between the cobalt and chlorine atoms. This view is 
in complete accordance with the theories as to the constitution of in- 
organic salts and salt hydrates propounded in recent years by Werner. 

The colours exhibited by the double chlorides admit of a simple ex- 
planation from this point of view. Thus, owing to the greater tendency 
of zinc to enter into negative complex groups, the zinc double chloride 
will have the constitution Co-(ZnCl,), whilst the calcium double 
chloride will have the constitution Ca-(CoCl,), since cobalt has a 
greater tendency to form negative complexes than calcium. In agree- 
ment with this, the former double salt is red, whilst the latter is blue. 
The blue colour of the lithium double salt, CoCl,,LiC],3H,O, may be 
similarly explained. 

If these views be correct, it is possible that the solid anhydrous salt 
does not possess the simple formula CoCl, but may correspond to 
some polymeric complex form such as Co-(Co(Cl,), its colour being 
determined by the strong absorption in the red produced by the 
complex grouping, CoCl,. It is, at all events, a curious fact that the 
pale blue, anhydrous chloride becomes reddish-violet at the tempera- 
ture of boiling liquid air. As in the case of the solutions in alcohol 
and in concentrated hydrochloric acid, this change of colour may be 
due to the breaking up of the complex grouping on lowering of tem- 
perature, for from what has been said above this change is an exo- 


thermic one. 


Other Metallic Chlorides the Solutions of which contain Complex Anions. 


The well-known colour changes exhibited by solutions of cupric 
chloride make it very probable that these are similar in origin to 
those investigated in the case of cobalt chloride. Moreover, the curve 
connecting conductivity and temperature possesses a point of inflexion 
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in this case also, as shown by Holland’s results. In fact, the analogy 
with cobalt chloride is complete if it is assumed that the colour due to 
the negative complex is yellow to brownish-yellow (depending on the 
concentration and thickness of liquid viewed), the colour due to the 
copper cation being of course blue. Ferric chloride solutions show 
similar phenomena. It is necessary, however, to add a few drops of 
hydrochloric acid to the ordinary brownish-red solution of ferric 
chloride in order to remove the colour due to the colloidal hydroxide 
or basic chloride. On the assumption that the colour due to the com- 
plex anion is deep yellow to yellowish-brown, whilst the colour due to 
the ferric ion is a very pale yellow, all the observed phenomena can be 
explained just as in the former cases. The following summary of 
results shows the analogies presented by ferric and cupric chlorides 
with cobalt chloride : 


, Ferric Cobalt 
Copper chloride. chloride. chloride. 


Colour of aqueous solution at Blue (dilute) Very pale Red 
ordinary room temperature a | Green (concentrated)| | yellow 


Colour of aqueous solution on Green (dilute) { Deep 


heating 
Colour of solution in crt! 


Brownish-yellow brownish- Blue 
(concentrated) yellow 


calcium or magnesium chloride 
solution, concentrated hydro- 


Deep 
Brownish-yellow. |{ brownish- Blue 
chloric acid, or alcohol 


yellow 


becomes 
pale 
yellow 


green or blue, 
depending on 
amount added. 


mercury chloride to foregoing 
solution 


becomes red 


ei ale Solution becomes Solution 
Effect of addition of zinc* or | Solution 


* After addition of zinc chloride, it is necessary to add a few drops of dilute 
hydrochloric acid to remove basic salts which may be precipitated. 


On electrolysing the solution of ferric or cupric chloride in concen- 
trated hydrochloric acid under the conditions described previously, the 
lower brownish-yellow layer moves towards the anode, showing that 
the colour is due to the existence of large amounts of complex nega- 
tive ions in these solutions. 

It is very probable that the formation of complex anions similar to 
those described in this paper is a phenomenon of very frequent occurr- 
ence in solutions of salts, especially of those containing ions of higher 
valency than 1. The idea of their existence dates from Hittorf’s 
researches on ionic transport (Ann. Phys. Chem., 1859, [ii], 106, 385), 
but attention has been drawn to them from time to time. Thus Bredig 
(Zeit. physikal. Chem., 1894, 13, 262) and Noyes (Zeit. physikal. Chem., 
1901, 36, 63) have indicated the possibility of explaining certain 
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difficulties in this way, and during the course of our investigation 
papers have been published by Steele (Phil. Trans., 1902, 198, 
A, 105) and by Biltz (Zeit. physikal. Chem., 1902, 40, 185), in which 
the existence of such complex anions has been discussed. 


In conclusion, we desire to express our best thanks to Professor 
Ramsay for the interest which he has taken in our work. 


CHEMICAL LABORATORY, 
UNIVERSITY CoLLEGE, Lonpon, W.C. 


XCVII.—Isomeric Additive Products of Methyl, Ethyl, 


and Propyl Benzyl Ketones with Benzylideneaniline. 
Part IV. 


By Francis E. Francts, B.Sc., Ph.D.,and Ernest Bowman Lupa, B.Sc. 


In former papers, the additive products of several ketones with 
benzylideneaniline have been described (Trans., 1899, '75, 865; 1900, 
77, 1191 ; 1902, '79, 441), and the investigation is now being extended 
to other ketones. 

Methyl benzyl ketone was selected for the investigation because it 
contains a group CH,°CO°CH,-, which, in ethyl acetoacetate, gives 
rise to the tautomeric form CH,*C(OH):CH-. Methyl benzyl ketone 
only differs from ethyl acetoacetate in the replacement of the CO,Et 
group by C,H,. It might reasonably be expected, therefore, to give 
rise to tautomeric forms analogous to those obtained by Schiff in the 
case of the ester, and not less stable than these, 

Ferric chloride gives no coloration with the ketone itself, thus 
furnishing some evidence, although slight, that the normal constitu- 
tion is ketonic. 

With benzylideneaniline, the ketone gives rise to compounds, which, 
according to Schiff’s theory of the constitution of the substances 
obtained by him, would be formulated thus : 


CH,°CO-CHPh nd Ur, (He O(OH):CPh 
CHPh:NHPh * . HPh-NHPh’ 


If the ketonic formula represented the constitution of the original 
ketone, the additive product would have the first formula, but if the 
enolic form was the only one present, the resulting compound would 
be represented by the second formula. If both forms were present in 
the original ketone, a mixture of I and II would be obtained, 


i. 
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since the equilibrium is not supposed_to be disturbed by benzylidene- 
aniline, 

If one form only were present, it should be transformed into its 
tautomeric modification by a trace of piperidine, which is supposed to 
favour the formation of the ketonic form, or by a trace of sodium 
ethoxide, which converts the ketonic into the enolic modification. 

The addition was brought about by mixing the benzylideneaniline 
with the ketone and gently warming the mixture until a clear solution 
was obtained. It was then allowed to remain at a suitable tempera- 
ture until the solid additive compound had separated. The tempera- 
ture of the thermostat first employed was 55°, but at this temperature 
there was a considerable darkening in colour. It was found that 
when small quantities were employed, the additive product separated 
out in a few days, but with larger amounts no separation took place, 
and only a dark brown, transparent jelly was obtained, smelling 
strongly of phenylearbylamine, and from which no crystalline sub- 
stance could be isolated. The characteristic odour of carbylamine is 
noticeable in all cases, but is most pronounced when such decom- 
position takes place. | 

Attempts to determine the best conditions for the rapid formation 
of the additive product met with very little success. At temperatures 
much above 60°, other reactions take place, and little or none of the 
desired substance is formed. On the other hand, if the temperature 
was too low, the separation took place with extreme slowness. Some- 
times the solidification took place more rapidly than at others for no 
apparent reason. 

Finally, it was found that the best results were obtained at 35°, the 
separation taking place usually after standing for 7 days at that 
temperature ; the carbylamine odour was only faint, and the colour 
remained a light yellow. The yield, even in the most favourable 
cases, where the action had been rapid, was very small, the crude solid 
never amounting to more than 50 per cent. of the theoretical amount, 
and this, again, was seriously diminished by several fractional crystal- 
lisations before a pure substance of constant melting point was 
obtained. 


Methyl Benzyl Ketone Benzylideneaniline. 


Five grams of the ketone were mixed in a test-tube with a molecular 
proportion of benzylideneaniline and left at a temperature of 55° for 
7 days. The mixture first melted toa clear, yellow solution, in the 


course of a few days became turbid, and after a week was quite 
solid. 
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On treatment with light petroleum, the solid was scarcely affected, 
and on breaking up the cake the oily portions were dissolved and the 
additive product left as a yellow solid. This was crystallised from 
light petroleum and benzene and melted at 173°. It corresponds 
to the a-modification described in previous papers. 

The melting point was not affected by repeated recrystallisation. 
The molecular weight, determined in ga modified Landsberger 
apparatus, was 348, the theoretical for the simple molecule being 
315. It was evident we were dealing with a substance existing 
in simple molecules. On analysis, the following results were 
obtained : 


Found, C=83°64; H=6-73. 
C..H,,ON requires C = 83°81 ; H=6°66 per cent. 


Another preparation of the additive product was conducted in 
the same manner, but, in place of light petroleum, benzene was 
used, After one recrystallisation,"the substance melted at 168—170°, 
and on further recrystallisation at 173—174°. 

To see whether there might not be two substances present possess- 
ing different degrees of solubility in benzene, the whole was dis- 
solved in boiling benzene and allowed to cool slowly. Crystals 
separated when the temperature had fallen to 35°; these were 
filtered off and found to melt at 174°. The filtrate yielded a 
further crop of crystals on cooling to 10°, and these melted at 
173°. The remainder, {precipitated by light petroleum, was small 
in amount, and melted at 169—170° 

This was strong evidence that we were dealing with a single sub- 
stance, On again recrystallising the first two fractions, the crystals 
melted at 174°. 

When this modification is kept under a bell jar, it slowly acquires 
a yellow tinge on the surface and the melting point falls to 168—170°. 
This does not take place if air and light are excluded, and is probably 
due to oxidation. When the a-modification is melted rapidly in a test- 
tube and then recrystallised, it shows an unchanged melting point. If, 
on the other hand, it is kept at 180° for 30 minutes, complete decom- 
position takes place and no crystalline substance could be obtained 
from the resulting oil. 

Hydrochloride.—The hydrochloride, obtained by passing dry hydrogen 
chloride into a benzene solution of the base, is very unstable, rapidly 
dissociated by water, and shows an indefinite decomposition point be- 
tween 140° and 190°. 

Action of Piperidine.—If the modification described above is dis- 
solved in benzene and allowed to stand for a few hours with a trace 
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of piperidine, the second form melting at 180° is precipitated by 
addition of light petroleum. This form corresponds to those previously 
described as 8-modifications. 

It was redissolved in benzene and left for 12 hours in benzene solu- 
tion with a trace of piperidine. On reprecipitation, it was found to 
melt at 182°. When recrystallised from pure benzene, the melting 
point was found to drop slowly. ‘This, and further determinations 
noticed later, show that this modification is slowly reconverted into 
the more stable a-form of lower melting point by repeated recrystal- 
lisations from pure benzene. A similar change was noticed by one of 
us in the case of B-dibenzyl ketone benzylidene-p-toluidine (this vol., 
444), 

An analysis gave the following results : 


Found C=83'75 ; H=6'91. 
C,.H,,ON requires C= 83°81 ; H=6°66 per cent. 


In another preparation, the a-additive product was allowed to stand 
for three days in benzene solution with piperidine, and again, on pre- 
cipitation, the B-modification melting at 182° was obtained. 

Altogether some twelve preparations of these a- and f-modifications 
were made under varying conditions, and in all cases the resulting 
substance behaved in a similar manner to those described above. 

In one of these, where 10 grams of ketone and 14 grams of benzyl- 
ideneaniline were used and kept at 55° for a week, the resulting 
product was placed in a steam oven to dry. The same reaction, 
possibly oxidation, had taken place with the production of a green 
colour on the surface which was only with difficulty removed by three 
crystallisations, but the remarkable fact was observed that the sub- 
stance had the melting point 182°, which is that of the higher or 
B-modification. 

Action of Sodiwm Ethoxide.—Some of the a-modification was dissolved 
in benzene, a trace of sodium ethoxide added, and after standing for 
4 hours was crystallised out and found to melt at 184°. 

It was not distinguishable in appearance from the other substances. 
It may be a different modification from the one obtained by the action 
of piperidine. From analogy to other cases investigated, a different 
modification was to be expected, but the only criterion, that of the 
melting point, fails in the present case, as a difference of one or two 
degrees in melting point is quite insufficient by itself to justify such 
an inference. 
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Propyl Benzyl Ketone Benzylideneaniline. 


The same methods were used to obtain the substance as in the 
previous case, and the details may be passed over. 

Contrary to our first expectation, the melting point of the a-product 
is much lower than that obtained from methyl benzyl ketone, for after 
repeated crystallisation the substance was found to possess the constant 
melting point of 136°. The addition appeared to take place exactly 
as with the previous ketone, but the product crystallised in larger and 
finer crystals, the usual form being that of clusters of silky needles. 

An analysis gave the following results : 


Found C= 84°39; H=7:29. 
C,,H.,ON requires C= 83:98 ; H=7:29 per cent. 


Action of Piperidine.—On treatment with a trace of piperidine in 
benzene solution, the f-modification, melting at 142—143°, was 
obtained. 

An analysis gave the following results : 


Found C= 82°80; H=8:06. 
C,,H,,ON requires C =83'98 ; H=7:29 per cent. 


The analysis is not very satisfactory, but as the amount we had of 
this was very small, the combustion had to be carried out with only 
0:0248 gram of the substance, and we considered the results suf- 
ficiently near to the theoretical values to show that no change in com- 
position accompanied the rise in melting point. 

On allowing a solution in pure benzene to stand for three or four 
hours and then adding light petroleum, the crystals obtained melted 
at 139°. Evidently this modification is less stable in solution than 
the a-form. 

Action of Sodium LEthoxide.—On allowing the a-modification to 
remain for twelve hours in benzene solution containing a trace of 
sodium ethoxide and then adding light petroleum and separating the 
crystals, they were found to melt at 143°. 

The results obtained with the propyl benzyl ketone thus confirm 
those which we obtained from methyl benzyl ketone. The existence 
of the y-form is supported mainly by analogy, although when melted 
side by side with the B-form the former always possessed a slightly 
higher melting point. 


Ethyl Benzyl Ketone Benzylideneaniline. 


The investigations described above had shown that these substances 
were too unstable, and the melting point of the a- and B-modifications 
too near together for them to be of much use in clearing up the constitu- 
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tion of the benzylideneaniline additive products. But the unsuspected 
fact that the ketone of higher molecular weight gave an additive pro- 
duct of lower melting point than that of the additive product obtained 
from the ketone lower in the series made it desirable to obtain the 
additive product of the intermediate ketone. This substance was 
prepared, and the melting point of the a-additive compound with 
benzylideneaniline found to be 162°, intermediate between 136°, the 
melting point of the propyl benzyl ketone additive product, and 173°, 
the melting point of methyl benzyl ketone benzylideneaniline. 

This fact need have caused us no surprise, for in substances con- 
taining both aromatic and aliphatic radicles an increase in the mole- 
cular weight of the aliphatic radicle is frequently accompanied by a 
fallin the melting point. The size of the crystals was also inter- 
mediate between those of the a-methyl benzyl ketone benzylidene- 
aniline, which were small, and those obtained from propyl benzyl 
ketone benzylideneaniline, which were large and well-formed. 


UNIVERSITY COLLEGE, 
BRISTOL. 


XCVIII.—The Stereochemical Formule of Benzene. 


By James E, Marsu. 


In the Berichte (1902, 35, 526), Graebe subjects the different stereo- 
chemical formula put forward for benzene to a critical examination. 
As a result, he is led to reject the space formule, Figs. 1 and 2 (two of 
the eight possible forms proposed by me in 1888; Phil. Mag., [v], 
26, 426), based on the centric formula of benzene. He also rejects the 
model of Sachse, and prefers that based on the alternate double and 
single linkings of Kekulé (Fig. 3). 


Fig. 1. Fia. 2. Fic. 3. 


By implication, and apart from any stereochemical considerations, he 
would thus appear to be in favour of the Kekulé formula and opposed 
to the centric formula. By adopting his views, especially with the 
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restriction which he gives to the Kekulé formula, we meet with the 
difficulty that the benzene ring becomes identical with each of the 
rings in naphthalene. It was pointed out by me in the paper referred 
to that naphthalene could not be regarded as constituted of two 
benzene rings as such, and this view was completely confirmed by the 
work of Bamberger on the reduction products of the naphthols and 
naphthylamines. If we adopt the oscillation theory of Kekulé for 
benzene, the difference is to some extent accounted for owing to the 
impossibility of oscillation in the case of naphthalene. But according 
to the restriction which Graebe introduces, oscillation in the case of 
benzene is unnecessary. He supposes that of the two possible deriva- 
tives 1:2 and 1:6, one represents a stable, and the other a labile, 
form. If this were so, there should be no difference between the 
benzene ring and the rings of naphthalene. 

Graebe’s objections to the stereocentric formule are mainly on two 
grounds, (1) as to the relationship to benzene of naphthalene and 
similar condensed hydrocarbons, (2) as to the formation or not of 
anhydrides of dibasic acids and, what for purposes of argument 
amounts to the same thing, the formation or not of carbonates and 
methylene ethers of dihydroxybenzenes. 

The first argument would appear less formidable if we regard 
naphthalene as not being strictly constituted of two benzene rings. 
As to the second argument, Graebe seems to imply that the formation 
of anhydrides is dependent solely on the nearness of the carboxyl 
groups. If propinquity were the main condition of anhydride forma- 
tion, we should expect an anhydride of oxalic acid. But we have the 
formation of an additional ring and must take into account the 
character of the ring. I will refer to this again later. 

If we suppose the centric formula to represent the constitution of 
benzene, there seems no reason why the eight possible stereocentric 
forms may not represent different phases or occur in different deriva- 
tives. We may further regard the Kekulé formula as the labile form 
of the cis-centric, since the models readily open out or close in to give 
one or the other. If this be granted, we at once get rid of the objection 
that the centric formula implies the existence of optical isomerides, 
since the Kekulé model could close in in two ways to form two centric 
models, one the image of the other, and thus produce inactivity. 

The existence of both cis- and trans-centric formule is indicated in 
certain reactions. Thus the benzene ring is broken in some reactions 
to give maleic acid. This is consistent with the Kekulé and the cis- 
centric formule. On the other hand, Baeyer found that by reduction 
of phthalic acid the trans-dihydro-acid was produced, which is incon- 
sistent with the Kekulé and cis-centric formule, but in agreement with 
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the trans-centric. Moreover, from the mutual repulsion of the car- 
boxyl groups, we should expect the ¢rans-centric form of phthalic acid 
to be more stablé than the cis-form. Similar considerations will 
show why o-phthalic acid alone is capable of forming an anhydride, 
The hexahydro-acid forms anhydrides both in its cis- and trans- forms, 
which is not the case with the m- and p-acids; we should thus not 
expect the ¢rans-centric form of m- and p-phthalic acids to be capable 
of anhydride formation. We thus have o-phthalic acid as the only 
acid which can give an anhydride capable of existing in both cis- and 
trans-centric forms. 

With regard to the question of naphthalene and other condensed 
aromatic hydrocarbons, the difference in structure between naphtha- 
lene and benzene was expressed by me (Joc. cit.) by retaining the 
alternate single and double linking for the space formula of naphthalene 
and giving the stereocentric formula to benzene. Bamberger (Annalen, 
1890, 257, 1) proposed a modification of the centric formula, Bam- 
berger’s formula expresses the non-benzene character of the naphtha- 
lene rings, but its acceptance is rendered difficult for two chief reasons. 
1. It does not appear capable of stereochemical representation. 2. 
His modification of the centric form does not appear applicable to all 
hydrocarbons analogous to naphthalene. To take an example, the 
researches of Thiele and others show a close constitutional relation- 


ship between cyclopentadiene, indene, and fluorene which is repre- 
sented by the following formule, 


But if we represent the six carbon rings in indene and fluorene as 
centric benzene rings, we lose the analogy to cyclopentadiene. More- 
over, both indene and fluorene possess a greater analogy to naphthalene 
than to benzene, as is shown, for example, in the formation of stable 
picrates, Again, we cannot apply Bamberger’s dicentric constitution 
to indene and tricentric to fluorene, for that would imply our giving a 
centric formula to cyclopentadiene, thus bringing it into relationship 
with thiophen, pyrrole, &c., with which it has no analogy. In fact, 
the existence of cyclopentadiene confirms the view as to ‘the centric 
constitution of thiophen, &c. 

A formula for benzene should account for the peculiar phenomena 
observed in cases of substitution, in particular the preferential formation 
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of ortho- and para-derivatives in certain cases and of meta-derivatives in 
others. In cases of substitution generally, we find that the element or 
group entering takes up a position as near as possible to a group 
already present ; for example, we have ethylidene chloride by chiorin- 
ation of ethyl chloride, and a-bromo-acids by the bromination of fatty 
acids. On the other hand, the bromination of benzoic acid gives, not 
the a- but the 8-, that is, the meta-acid. This discrepancy disappears, 
however, if the hydrogen in the meta-position is nearest to the carboxyl 
group, as it is in the #ans-centric formula. "We may find a reason for 
this in the following considerations, The compound which yields 
preferably a meta-derivative is hydrolysable actually or potentially to 
the hydrocarbon and the hydroxyl compound of the substituting group. 
Thus benzenesulphonic acid is hydrolysable to benzene and sulphuric 
acid, benzoic acid to benzene and carbonic acid, &c. This is only 
another way of stating Crum Brown and Gibson’s rule The sub- 
stituting group is thus oxidisable and repellent of hydrogen. On the 
other hand, the compound which yields ortho- and para-derivatives is 
actually or potentially reducible to the hydrocarbon and the hydrogen 
compound of the group: for example, chlorobenzene to benzene and 
hydrogen chloride (actual reduction in case of chlorobenzoic acid) ; 
and when hydrolysable, hydrogen combines with the substituting 
group and hydroxyl with the hydrocarbon residue: for example, 
bromonitrobenzene is hydrolysed to nitrophenol and hydrogen brom- 
ide, and picramide to picric acid and ammonia. The group here is 
reducible and attracts hydrogen, These considerations, together with 
the probable repellent action of the hydrogen atoms to one another, 
would lead to the following stereocentric configurations : 


OH CO,H 
H, H, 
H, H, 
HH, 
Fig. 4. Fig. 5. 


with phenol and benzoic acid as examples, the horizontal line repre- 
senting the ring plane. In Fig. 4, the hydrogen atoms 2, 4, 6 are cis, 
3 and 5 trans, with respect toOH. In Fig. 5, 3 and 5 are cis, 2, 4, 6 
trans, with respect to CO,H. In this way, the formation of ortho- and 
para-derivatives of phenol and of meta-derivatives of benzoic acid 
would be accounted for. 
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XCIX.—The Action of Chlorine and Bromine on Nitro- 
aminobenzenes. Part I.  s-Trisubstituted Chloro- 
nitroaminobenzenes. 


By K. J. P. Orton. 


In the course of an investigation of the conditions under which the 
nitroaminobenzenes, previously described by the author (this vol., 
p. 806), are transformed into substances containing the nitro-group in 
the benzene nucleus, the action of chlorine and bromine on these com- 
pounds has been studied. 

When chlorine is passed into an alkaline solution of a nitroamine, 
derived from a s-trisubstituted aniline, a chloronitroamine is precipi- 
tated ; thus, 1-chloronitroamino-s-trichlorobenzene, C,H,Cl,*NCI-NO,, is 
obtained from 1-nitroamino-s-trichlorobenzene. The same substance 
was obtained on cautiously adding a dilute solution of bleaching 
powder to a solution of the nitroamine in glacial acetic acid ; it was also 
formed to a small extent when chlorine was passed into such a solution. 

The corresponding bromonitroamino-derivatives are formed when 
the alkaline solutions of the nitroamines are shaken with bromine, 
but they could not be separated from the nitroamine which was pre- 
cipitated with them. 

The work of Hantzsch (Ber., 1902, 35, 265) has shown that the 
salts of the nitroamines are derived from the form R*N:NO-OH, 
whilst in the solid state, or in solution in a non-ionising solvent (such 
as benzene), these substances contain the group *NH-NO,, and are, 
therefore, true nitroamines.* Following Bamberger’s nomenclature 
(Ber., 1902, 85, 54), substances of this type, R-N°NO-OH, may be 
termed “ iminonitronic acids.” 

The formation of the chloronitroamine, by passing chlorine into a 
solution of the sodium salt, may then be represented as an addition of 
chlorine to the iminonitronate, followed by the production of sodium 
chloride, thus: 


-- + _ + 
R-N:NO-O> + Na + Cl, —> R-N—NO‘O* + Na 
Cl Cl 


- + 
—> R:NCI‘NO, + Cl + Nat 

* I have obtained 1-nitroamino-2 : 4-dibromo-6-nitrobenzene (this vol., p. 806) in the 

form of colourless plates by very cautious acidification of an aqueous solution of the 

sodium salt, but this form appeared to be very unstable and rapidly changed into the 

coloured substance. Excess of acid precipitated the coloured form directly from the 
solution of the sodium salt. 

t+ The difference in the action of methyl iodide with the sodium-.and silver 

salts of the nitroamines may be similarly interpreted ; with the sodium salt, the 
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The formation of a-chloro-a-nitrocamphor (Lowry, Trans., 1898, '73, 
986) and 1: 1-chloronitrocamphane (Forster, Trans., 1900, '77, 264) by 
the action of chlorine on alkaline solutions of y-nitrocamphor and 
y-nitrocamphane respectively is probably analogous to this; thus, 
y-nitrocamphane, C,H,,:C:NO:OH, yields 1: 1-chloronitrocamphane, 
O,H,,-CCl-NO,. 

Again, in the action of bromine on the copper salt of ethyl aceto- 
acetate, a compound derived from the enolic type 

CH,°C(OH):CH:CO,Et, 
a ketonic bromine derivative, CH,-CO*CHBr-CO,Et, is obtained. 

The interaction of chlorine with potassium cyanurate (Chattaway 
and Wadmore, this vol., p. 200), in which a trichloro-derivative of 
cyanuric acid, C,0,(NCl),, was formed, may possibly be an instance 
of the conversion of the group t aa into the group BP is) 

In substances containing the group :C:NOH (oximes), or the 
group ‘N:NOH (diazotates), where a similar reaction is possible, 
oxidation is effected by chlorine ; thus, camphoroxime yields 1: 1- 
chloronitrocamphane (Forster, Joc. cit.). In the case of the diazotates, 
the author has found that phenyldiazotates are converted into chloro- 
nitroaminobenzenes or their products of change. 

The chloronitroaminobenzenes here described are the first instances 
of substances in which both a chlorine atom and a nitro-group are 
attached to the same nitrogen atom. In properties, they resemble other 
substances containing the group :NCl, but, as was to be expected, are 
very unstable and are rapidly hydrolysed by moisture. Replacement 
of bromine in the para-position relatively to the nitrogen atom by 
chlorine was not observed, every reagent employed bringing about 
initially the reformation of the nitroamine. 


EXPERIMENTAL, 


1-Chloronitroamino-2 : 4 : 6-trichlorobenzene, C,H,Cl,*NCl-NO,.—This 
substance is easily prepared by passing chlorine into a cooled dilute 
aqueous solution of the sodium salt of 1-nitroamino-s-trichlorobenzene. 
The chloronitroamine begins immediately to separate as a white, crys- 
talline powder. It is inadvisable to pass in chlorine until the whole of 
the nitroamine is chlorinated, as in the presence of excess of chlorine 
the chloronitroamine becomes coloured. The product is collected, washed 
twice with water, and dried on a porous tile. This specimen melted at 


reaction takes place slowly, and the methyl iodide first forms an additive product, 
which yields the N-ether, R‘NMe*NO, ; in the rapid (possibly ionic) interaction of 
methyl iodide and the silver salt, the methyl group takes the place of the silver 
atom, and the O-ether, R‘N:NO*OMe, is produced. 
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53—54°, and was analysed by titrating the iodine set free from acidified 
potassium iodide : 
0°324 liberated I= 23-4.c.c. W/10 I. Clas ‘(NCl=12°8. 
O,H,O,N,Cl, requires Cl as :NCl= 12°85 per cent. 


This substance can also be prepared by adding dilute aqueous bleach- 
ing powder to a solution of the nitroamine in glacial acetic acid. One 
gram of nitroamine is dissolved in 20 c.c. of glacial acetic acid and 
the solution well cooled ; V/10 bleaching powder solution is now added 
drop by drop to the mixture, which is kept thoroughly stirred. Under 
these circumstances, the chloronitroamine is formed and crystallises out 
in short, lustrous prisms which were collected, rapidly washed twice 
with water, and dried on a porous tile. This specimen melted at 
53—54° ; 


0:2384 liberated [=17'2 c.c. V/10 I. Clas :NC]l=12-78. 
C,H,0,N,Cl, requires Cl as -(NCl = 12°85 per cent. 


The chloronitroamine is extremely soluble in all solvents and can 
only be crystallised from the lightest petroleum (b. p. 40—45°), from 
which it separates in slender, lustrous prisms melting at 53—54°. It 
soon begins to show signs of decomposition on keeping, becoming pink 
and smelling of chlorine. On treatment with water, alkalis, hydro- 
chloric acid, hydrogen peroxide, and reducing agents as sodium sulphite, 
hydrogen sulphide, and hydriodic acid, it is immediately reconverted 
into the nitroamine. When dissolved in alcohol, an odour of ethyl hypo- 
chlorite is soon noticeable; on keeping, this odour disappears, and is 
succeeded by that of aldehyde; after several days, crystals of s-tri- 
chlorobenzene separate, The formation of this substance is due to the 
nitroamine first formed becoming converted into a diazonium salt in the 
presence of hydrochloric acid and alcohol (compare Bamberger, Ber., 
1897, 30, 1249), As is well known, benzenediazonium salts contain- 
ing two ortho-substituents react extremely readily with alcohol with 
elimination of the diazo-group. The author has found that in solution 
in alcoholic hydrogen chloride a s-trisubstituted nitroaminobenzene is 
quantitatively converted into a s-trisubstituted benzene. 

1-Chloronitroamino-2 : 4 : 6-tribromobenzene, C,H, Br,*NCl*NO,.—This 
compound is prepared in the manner above described. It crystallises 
in lustrous prisms melting at 61° to a red liquid: 


0-219 liberated I=10'5 c.c W/10 1. Clas -NC1=8'5. 
C,H,O,N,CIBr, requires Cl as :NCl=8°66 per cent. 


1-Chloronitroamino-4-chloro-2 : 6-dibromobenzene, C,H,CIBr,*NCI-NO,, 
closely resembles the substances just described. It melts at 56° toa 
red liquid : 
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0°181 liberated I= 9°92 c.c. V/10 I. Clas -NCl=9°71. 
C,H,O,N,Cl,Br, requires Cl as -NCl=9-71 per cent. 


1-Chloronitrowmino-2 : 3: 4 : 6-tetrabromobenzene, C,HBr,*NCI-NO,, 
prepared from the corresponding nitroamine, crystallised in short 
white prisms melting and decomposing at 61—62°: 


0°1184 liberated I=4°6 cc. V/10 1. Cl as SNC1=6:85. 
C,HO,N,CIBr, requires Cl as :NCl = 7:25 per cent. 


2-Chloronitroamino-3 : 5-dibromotoluene, OH,°C,H,Br,"NCI°NO,, is 
prepared from the corresponding nitroaminodibromotoluene, and crys- 
tallises in short prisms which melt at 60° to a red liquid : 


0°1824 liberated I=10°6 c.c. V/10 I. Clas -NC1=10°3. 
C,H,O,N,ClBr, requires Cl as -NCl= 10°29 per cent. 


4-Chloronitroamino-3 : 5-dibromotoluene, CH,°C,H,Br,*NCI*NO,, re- 
sembles its isomeride very closely. It melts to a red liquid at 50—51°: 


0°2694 liberated I=15'8 c.c. V/10 I. Clas <(NC1=10°4. 
C,H,O,N,CIBr, requires Cl as :NC1= 10°29 per cent. 


The behaviour of 1-nitroamino-2 :4-dichlorobenzene—a compound 
containing a hydrogen atom in the ortho-position relatively to the 
amino-group—with chlorine and bleaching powder under the con- 
ditions above described is being studied. No chloronitroamine has 
been isolated. When chlorine is passed into an aqueous solution of 
the sodium salt, a dark coloured, oily product was obtained which 
largely consisted of 2: 4-dichloro-6-nitroaniline. This aniline was not 
produced when dilute bleaching powder was added to a solution cf the 
nitroamine in acetic acid, but under carefully defined conditions the 
nitroamine was converted into other well characterised substances. 
This transformation is being studied, not only in the case of the above- 
mentioned nitroamine, but also in the case of other highly chlorinated 
nitroaminobenzenes possessing an o-hydrogen atom. 


St. BARTHOLOMEW’s HosPITAL AND COLLEGE, 
Lonpon, E.C. 


RAOULT MEMORIAL LECTURE. 
(DELIVERED ON MARCH 26TH, 1902.) 


By J. H. van’r Horr, Member of the Prussian Academy of Science, 
and Professor in the University of Berlin. 


Tue foreign honorary member whom the Chemical Society lost a year 
ago, although of an amiable, social character, seems to have been a 
man of retiring disposition. He rarely left France, and for the larger 
part of his life lived in that somewhat out of the way town, Grenoble. 

Raoult’s life thus offers little of attractiveness; it is not romantic ; 
yet, after many years of work, the romance of his life was that 
almost sudden rise to fame, spreading from this nearly unknown 
corner, first over the frontier of his country, and then back to France, 
which made him one of the most prominent men of science of his age. 

Frangois-Marie Raoult, born on the 10th of May, 1830, in Fournes, 
in the département du Nord, in France, was of modest origin, his 
father having been an employé des Contributions. It was intended 
that he should enter the Bureaux de. |’ Enrégistrement, but’ this career 
did not satisfy his aspirations, so he left the Enrégistrement and ob- 
tained permission to go to Paris, there to pursue his studies. ‘Without 
fortune or patronage, young Raoult was a student struggling for a 
livelihood, unable to finish his studies without himself providing the 
means. 

So he gave up studying at Paris, some years later, in 1853, after 
presenting to the Académie des Sciences a short communication, probably 
his first, containing observations on the transport of electrolytes by 
the action of the galvanic current as well as on electrical endosmosis 
(Compt. rend., 1853, 36, 826). Characteristic of the circumstances in 
which he pursued these investigations are his concluding words: “ Je 
laisse & d’autres plus fortunés que moi le soin de mener la science plus 
avant dans la voie nouvelle que je viens de lui ouvrir.” 

It was in the same year, 1853, that Raoult accepted the appointment 
of Aspirant répétiteur in the Rheims Lycée, becoming in 1855 Régent 
de physique in the College of St. Dié; in 1856, Professeur adjoint, and 
subsequently Chargé de cours de physique in Rheims again ; in 1860 in 
Bar-le-Duc ; his leisure having been employed in obtaining his degree 
as Licencié és-sciences physiques and Agrégé de I’ Hnseignement secondaire 
spécial, In 1862, he left Bar-le-Duc for a corresponding position in 
Sens, and in this small country town, with no intellectual resources, 
left to his own initiative amid .dverse material surroundings, forced 
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by want of means to construct his own apparatus, he prepared the Thése 
on electromotive force for which, in 1863, he obtained his degree in 
Paris of Docteur 2s-sciences physiques. 

With this publication, Raoult began his scientific career, which 
may be divided into three distinct periods, physical, chemical, and 
physico-chemical. 


Raoult as a Physicist. 


The above-mentioned thesis at once characterises Raoult as an 
accurate and independent investigator, already in advance of his age 
in conclusions founded on careful examination of fact. 

Firstly, employing different galvanic cells of the Daniell type, 
Raoult measured the heat due to the chemical action (chaleur chimique) 
and that due to the electric work produced (chalewr voltaique). 
Contrary to the opinion then adopted, he found that these two values 
were by no means identical ; in some cases, as in the ordinary Daniell 
cell, Cu | CuSO,, ZnSO, | Zn, both practically correspond, for each is 
about 23°6 cal. for a gram-equivalent (the most exact recent measure- 
ment gave 24°8) ; in an analogouscell, Cu | Cu(NO,),, AgNO, | Ag, 
however, the “chaleur chimique’”’ amounted to 16°4, whereas the 
“chaleur voltaique” was only 7°8. Keeping as closely as possible 
to the direct results of experiment—a characteristic of Raoult’s way 
of working—he closes this communication with a mere question: 
“ Pourquoi cette différence? Voil& une difficulté sérieuse digne de 
Vattention des physiciens.” 

A second part of this research was devoted to decompositions pro- 
duced by a galvanic current in the so-called voltameter. Raoult studied 
especially the heat development accompanying decompositions, explain- 
ing it by the excess of heat corresponding to the electric work done 
in the voltameter over the heat absorbed by the chemical change 
produced, in this way applying to the voltameter the principle under- 
lying his discovery of the difference between the two values found for 
the cell. Thirdly, this conception enabled him to determine indirectly 
the heat absorbed by the chemical change which occurs in the volta- 
meter. It was thus, for example, that he found the heat absorbed in | 
decomposing 9 grams of water to be 33°8 cal., whereas Favre and 
Silbermann found the heat developed in the formation of the same 
amount of water to be 34°5 cal. 

The conclusion to his two papers on this subject (Aun. Chim. 
Phys., 1864, [iv], 2, 317 ; 1865, [iv], 4, 392) may be given in his own 
words : 


“J'ai, le premier, mesuré et comparé la chaleur chimique et la 
chaleur voltaique des piles,” 


» chimique des corps et leur diffusion dans l’eau, de méme que les actions inverses ne 
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“ J’ai découvert les véritables lois qui président au dégagement de 
la chaleur dans les voltamétres.”’ 

‘“‘J’ai donné le premier moyen de mesurer la chaleur dégagée ou 
absorbée dans les actions chimiques accomplies sous I’influence des 
courants électriques.” 

In his further investigations on electro- and thermo-chemistry, 
Raoult liked to come back to that same question of difference between 
voltaic and chemical heat which he considered to be fundamental. A 
very striking proof of the non-identity of the two was given in the fact 
established by him (Compt. rend., 1869, 68, 643) that solid and liquid 
metals, at the temperature of fusion, produce in the cell the same 
electromotive force ; he insisted on this especially in the case of bis- 
muth, which metal, having a latent heat of fusion corresponding to 
1-327 cal. for an equivalent of 105 grams, ought to produce in melting 
a difference in electromotive force of 0°055 Daniell. 

A second indication in the same direction is not less valuable. 
Finding that the electromotive force in a Daniell cell increases on dilut- 
ing the solution of zinc sulphate surrounding the zinc, but decreases 
on diluting that of the copper sulphate (idid., 1869, 69, 823, 826), he 
insisted on the conclusion that in taking a saturated solution of zine 
sulphate and so increasing the heat development of the reaction by 
that arising from the crystallising out of the solid sulphate, the 
electromotive force changes in the opposite sense and becomes smaller. 

Raoult’s attention being claimed by other pursuits, it was in 1870 
that he summed up his views in a very interesting paper on the 
difference between voltaic and chemical heat (Bulletin de la Société 
de Statistique de l’Isére). He concluded that in the galvanic cell two 
different kinds of change take place, the one incapable, the other 
capable, of producing electromotive force. Those incapable are changes 
of state of aggregation, such as melting and dissolving ; those capable 
are chiefly chemical change and change in concentration.* We now 
see how far Raoult had already gone in the right direction and how 
some further experiments on this influence of concentration, and 


especially how an application of theoretical considerations, might have 
led him to a definite solution of the problem. 


* Dans les éléments voltaiques analogues & celui de Daniell, la désagrégation 


participent en rien & la production du courant électrique, et ce sont les seules 
actions qui sont dans ce cas, 
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Raoult as a Chemist. 


It was while he was carrying out this electro- and thermo-chemical 
research, in which many new facts and relations came to light, and 
on which, perhaps, it is not necessary to dwell on this occasion, that 
Raoult entered the Faculté des Sciences de Grenoble, in 1867, as Chargé 
du cours de chimie, being promoted, in 1870, to the Chair of Chemistry 
as successor to Leroy. This chair he occupied until his death on 
April lst, 1901. From this time, a change is visible in the direction 
of Raoult’s work, as he devoted himself more to purely chemical in- 
vestigation, although he always had a tendency to look at the physical 
side of every problem. 

This change in the field of Raoult’s investigations explains how the 
hitherto continuous character of his work gave place to one of greater 
variety. 

We now find Raoult occupied in examining the gas evolved 
by a ‘‘Fontaine ardente,” at St. Barthélemy, near Grenoble, and 
proving it to be merely methane; next as a judicial expert we see 
him prove the presence of zinc and copper as normal constituents of 
the human liver, especially in advanced age (Compt. rend., 1877, 85, 
40). The absorption of ammonia by ammonium nitrate he studied 
simultaneously with, but independently of, Divers (ibid., 1873, '76, 
1261), and further, he recommended the use of retort-carbon as a 
means of preventing irregular boiling in the distillation of sulphuric 
acid. He also demonstrated the inverting action of light on sugar 
(ibid., 1871, '73, 1049). Then we find him studying the influence of 
carbon dioxide in air on respiration with the interesting result that it 
diminishes the production of the gas, this effect, however, being 
counteracted by the increased pulmonary action (ibid., 1876, 82, 
1101). Lastly, aiming probably at a lecture experiment, Raoult 
investigated the formation of a basic carbonate of lime, CaO,CaCO,, 
produced by heating calcium oxide in carbon dioxide (ibid., 1881, 
92, 189, 1110, 1457) which compound has probably played a part 
in Debray’s work on dissociation and has the property of setting 
like gypsum after addition of water. Medals made with this material, 
which has the properties of gypsum but is somewhat harder, were 
presented by Raoult to the French Academy. 

This was Raoult’s last purely chemical publication, for he had now . 
found the right direction in which he was to go until death put an end 


to his labours. 
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Raoult as a Physico-chemist. 


It was in 1878 that Raoult’s first publication on freezing points 
appeared (Compt. rend., 87, 167). This was merely of an empirical 
character, and pointed to the proportionality (already indicated by 
Guldberg) between lowering of freezing point, lowering of vapour 
pressure, and rise of boiling point. Raoult thus entered at once into 
an investigation of the two subjects which were to form the corner- 
stones of his fame. As he himself afterwards relates, the lowering of 
vapour-pressure formed the primary subject of study, and I suppose 
that, finding the difficulty of determining the strength of alcoholic 
solutions by measuring their boiling points or vapour-pressures because 
of the volatility of alcohol, he applied himself to the indirect method 
of determining the freezing points. At all events, his next paper 
(ibid., 1880, 90, 865) is devoted to the freezing points of mixtures of 
alcohol with water. He determines the proportionality between the 
lowering of the freezing point and the percentage of alcohol present in 
the solvent, thus stating for this mixture the law which Blagden had 
found for solutions of inorganic substances. That this stood in close 
connection with practical application is obvious from the list of alco- 
holic liquids added to the paper, beginning with cider and ending with 
Marsala, indicating that their freezing points (— 2° and — 10°1°) were 
fairly proportional to their alcoholic strength. Moreover, he pointed 
out that a wine may be strengthened by freezing out part of the 
water. 

Having by a happy stroke of luck passed from the investigation of 
ethyl alcohol to other alcohols and from these to other organic sub- 
stances, which had not been examined by Blagden, by Riidorff, or by 
de Coppet, and having introduced de Coppet’s conception of molecular 
depression, Raoult as early as 1882 attained a wider view of the 
| subject, and published his now historical table of 29 organic com- 
pounds (Compt. rend., 1882, 94, 1517) (see next page). 

Following Raoult’s conclusion, it is obvious from this table that the 
product obtained by multiplying the depression for a solution contain- 
ing 1 gram of substance in 100 grams of water by the molecular 
weight of the dissolved substance, is a constant : 


C 
- M = K, ’ 
where C’ stands for the depression caused by P grams in 100 grams of 
water, and X the molecular constant. 
It is astonishing how easily Raoult abandons the narrower view of 
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Abaissement : 

: Produit du 

vig | eens | olde mole 

i r labaisse- 
Substance. Formule. wil éeulair e, | par gramme wel. da & un 

e substance gramme de 

54 8" | ‘substance. 
Alcool méthylique...... C,H,0, 32 - 0°541° 17°3 
», éthylique ...... C,H,O0, 46 0°376 173 
»,  butylique ...... C,H 0, 74 0°232 17°2 
FEMMES occccevsvccsces C,H,0, 92 0°186 171 
MG RickevAen cpsde C,.H,,Or0 182 0°099 18°0 
Sucre interverti......... C.H}.049 180 0°107 19°3 
a “el Co4Ho,Oo, 360 0°050 18°1 
»» decanne......... Co4H 9009 342 0-054 18°5 
SIO cidesi555.000; «spe CogHog914 286 0-060 17°2 
Cy.H,g0, 94 0°165 15°5 
io | GA C,,.H,0¢ 126 0°129 16°3 
Chloral (hydraté) ...... C,HCI,0,+H,0,|  165°5 0-114 18°9 
es gH gO. 58 0°294 17°1 
Acide formique ...... .. C,H,0, 46 0°419 19°3 
», acétique ......... C,H,0, 60 0°317 19°0 
»» butyrique ...... CsH,0, 88 0°212 18°7 
ae C,H,0, + 2H,0, 126 0-182 22°9 
99 Jactique ......... C,H,0, 90 0213 19°2 
ppt SRRERETED nc cceseee C3H,0i9 184 0°189 18°7 
o9_ tartrique ......... CyH,019 150 0°130 19°5 
ig | MEEBO © 6.060055. C,.H,0,4+ H,O, 210 0°092 19°3 
aaa 13H 90. 74 0°224 16°6 
oo. - ecctiqne ......... C,H,0, 88 0°202 17°8 
Acide cyanhydrique ... HAzC, 27 0°718 19°4 
Acétamide ............... C,H,Az0, 59 0°301 17°8 
ee C,H,Az,0, 60 0'28€ 17°2 
Ammoniaque............ zH, 17 1°117 19°9 
thylamine Ba C,H,Az 45 0°411 18°5 
Propylamine ............ C,H,Az 59 0°312 18°4 


practical application for the wider scientific horizon, and instead of a 
list of ciders and Marsalas, an expression like this occurs : 

“Cela tend 4 montrer que, dans la plupart des cas, les molécules 
des composés organiques sont simplement séparées par V’acte de la 
dissolution et amenées 4 un méme état, sous lequel elles exercent la 
méme influence sur les propriétés physiques de l’eau.” 

Of course Raoult does not omit to indicate that a new mode of deter- 
mining molecular weights may be founded on freezing point experi- 
ments. 

Two more papers appearing in the same year (Compt. rend., 95, 
187, 1030) show that Raoult’s general formulation of the freezing 
peint law for solutions holds not only for water but also for other 
solvents. 

Each solvent_has its molecular constant which, in some cases, prob- 
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ably owing to the formation of double molecules by the dissolved sub- 
stance, may be reduced to half the normal value. These constants are 
proportional to the molecular weight of the solvent (M,), being on an 
average : 

Kk 


Xi, = 0°62. 
Raoult’s data are as follows: 

Substance. K. M,. R/M,. 
DI ibbientiniktdidrtes 39 60 0°65 
| | I ear 28 46 0°61 
EE iid td as ccddiuainses 49 78 0°63 
Nitrobenzene .................. 68 123 0°55 
Ethylene dibromide ......... 117 188 0°62 
Wins cheted asieiweiiie 37 3x18 0°69 


We observe the assertion by Raoult that the constant 18°5 for organic 
compounds in water is abnormal and is due to the formation of double 
molecules, whereas the molecular weight of water as a solvent is taken 
as 54, and is due to a polymerisation in the liquid state corresponding 
to (H,0),. 


Cryoscopy. Inorganic Compounds. 


Having thus obtained an insight into the laws governing organic 
compounds, Raoult enters the more difficult field of salt solutions, in 
which a good deal had already been done by Riidorff and de Coppet, 
who nevertheless had not reached any general conclusions. 

Raoult took acids and bases as intermediate links and found that 
strong monobasic acids, like hydrochloric acid, and strong mono-acid 
bases, like potassium hydroxide, have a molecular depression (37) 
double that of the weaker ones and of organic compounds (18°5), On 
this observation he founded a neat method of determining the amount 
of substitution which takes place when a strong acid or base acts on 
the solution of the salt of a weak one (Compt. rend., 1883, 96, 560, 
1650 ; 97, 941). 

The next year (1884) witnessed the publication of his systematic 
researches on the behaviour of salts, and it is curious to observe, by 
the way, that at this stage of his inquiry Raoult first adopted the new 
atomic weights and thereby the system of Avogadro, which, it might 
almost be said, he had unconsciously adhered to for more than two 
years. His first paper on salts (Compt. rend., 1884, 98, 509) still 
contains the formula KNO, for saltpetre, but in the next (ibid., 1047 ; 
99, 324), he adopts the values H=1,O=16. The amount of system- 
atic work done in this short space of time is astonishing, the different 
groups of salts being taken one by one in the order of the valency of 
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their metals and the basicity of their acids, and, grouping them in this 
happy way, Raoult reaches at once the general and unexpected result 
that the molecular depression of salts, strong acids, and bases can be 
calculated by a summation of numbers, relating to their radicles : 


Univalent negative radicles.............ssseee0 (Cl,Br,OH,NO,)... 20 
Bivalent - SC eemneiiniaelica anid (SO,,CrO,,CO,) ... 11 
Univalent positive te  taenenncien iene (H,K,Na,NH,) ... 15 
Bi- and poly-valent positive radicles ......... (Ba,Mg,Al,) ...... 8 * 


Applying the method of calculation, for example : 


for KOH we get 15+ 20=35, instead of 35-3 found. 
for Al,Cl, , 8+6x20=128, ,, 129 


Let me. state this in Raoult’s own words in order to show in what 
an impartial and objective way his own conviction is subordinated to 
fact : 

“ Ces faits prouvent que, contrairement 4 ce que j’avais cru jusqu’ici, 
la loi générale de congélation ne s’applique pas aux sels dissous dans 
Yeau...; par contre, ils tendent 4 montrer qu’elle s’applique aux 
radicaux constitutifs des sels, 4 peu prés comme si ces radicaux étaient 
simplement mélungés dans les dissolutions.” 

As mentioned by Raoult, this additive character had been found by 
Favre and Valson to apply to the density, and by Hugo de Vries to the 
osmotic pressure of salt solutions. 

An application of these results is made in deciding whether a double 
salt exists in solution as such, or is split up into its components, the 
former being the case, for example, in such a compound as sodium 
platinichloride, and the latter for the alums (Compt. rend., 1884, 99, 
914). Most important, however, is the fact that from this time dates 
the great international co-operation in the field which Raoult had 
opened. 

Whereas Raoult’s early work on electromotive force and heat- 
development lay fallow, because the theoretical conceptions to which 
they could be attached were only developed about fifteen years later, 
it was an extraordinarily happy coincidence that his fr -zing point 
investigations met with corroborative theoretical views, which could 
only enhance the high value already attached to Raoult’s achieve- 
ments. 

His first work on electromotive force, although important in 
character, left Raoult’s name almost unknown, because it appeared at 
least ten years too soon, and was therefore overlooked when the stream 
of general development reached that field. Raoult at this period was 


” 


* In Raoult’s Cryoscopie (1901), these numbers are 19, 9, 16, &, respectively, the 
last number for bivalent radicles only, 
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Officier d’académie (1865), and Offcier de 0 Instruction publique (1872), 
and had received the Médaille des sociétés savantes in 1872. 

The work on cryoscopy came just at a time when an ardent activity 
was developing in different countries and from different points of view. 
Victor Meyer in Germany and Paternd in Italy applied Raoult’s 
method of determining molecular weights as early as 1886; de Vries 
has already been quoted ; then came the theory of solutions, developed 
by Arrhenius in Sweden and by myself in Holland, and then the great 
support lent by Ostwald in his Zettschrift fiir physikalische Chemie, in 
which Raoult at once took part with enthusiasm, as the facsimile of 
his letter published with this lecture proves. Rarely has science seen 
such international interest centred on one problem, and Raoult stood 
at once foremost, in the position of great advantage belonging to the 
man who relies on fact in the first instance, and is eager for generalisa- 
tion, absolutely independent in his opinions, and open to every achieve- 
ment on his way. 

An unbroken series of distinctions now showered down on Raoult, 
beginning in 1888 with the Prix international de chimie La Caze, 
followed by the Davy Medal in 1892, Correspondent de I’ Institut in 
1890, and honorary or foreign Fellow of the Society of Rotterdam 
in the same year, of the Literary and Philosophical Society of Man- 
chester in 1892, of the Chemical Society of London in 1898, and of the 
Academy of St. Petersburg in 1899. In 1900, he was crowned with 
the Commandership of the Légion d’honneur, a distinction which gave 
him the highest gratification. 


Cryoscopy. Theory of Solutions. 


In the meantime, in 1892, Raoult recommenced his freezing 
point investigations, which had been interrupted in 1884, but now 
received a new direction with special relation to the theory of solutions. 
As is well known, this theory treats of the laws governing extreme 
dilution, and assumes that it is possible to calculate Raoult’s freezing 
point constants under these conditions. We therefore see him occupied 
in accumulating experimental data for these conditions with the ac- 
curacy and impartiality so characteristic of his work. 

Let us notice that at first Raoult deemed the molecular con- 
stant 18°5 found for organic compounds in aqueous solution to be 
abnormal, and assumed 37 as the normal value, thus considering 
organic compounds to be present in the form of double molecules (idid., 
1882, 95, 1030). It was natural to try, from this point of view, 
whether extreme dilution would not break down those double mole- 
cules and consequently double the molecular constant. A first series 
of experiments made with cane sugar (Compt. rend,, 1892, 114, 268, 
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440) seemed favourable to this view, and extreme dilution appeared 
to show an increase in the molecular constant up to 20°9. As, how- 
ever, ethyl alcohol did not show an analogous increase (ibid., 1897, 
124, 851, 885), the experiments with cane sugar were again taken up 
with increased precautions (ibid., 1897, 125, 751) and, by a small 
extrapolation, gave 18°7 as the limit for extreme dilution, alcohol 
giving 18°3. At thesame time, Raoult examined sodium and potassium 
chlorides with the utmost care, and finding, as the limiting values, 37-4 
and 364 respectively, he openly declared himself in favour of the new 
theory of solutions : 

“En définitive, il est maintenant démontré, pour moi, que les 
abaissements moléculaires du chlorure de potassium et du sucre, 
comme ceux du chlorure de sodium et delalcool, ont des valeurs limites 
conformes aux prévisions de M. Arrhénius.” 

In the summary of his work in this direction (Cryoscopie, Scientia, 
No. 13, 1901), written in the last year of his life, Raoult grants all 
the conclusions of the theory of solutions, but as a thoroughly 
experimental investigator he objects to build it up on that large but 
hypothetical principle called the extended law of Avogadro. He con- 
sequently prefers generalisation, and in such a sense expresses his 
views on solutions as follows in concluding a lecture at the Paris 
International Congress of Chemistry in 1900. “ A une méme tem pé- 
rature l’acte de la dissolution et celui de la vaporisation réduisent chaque 
corps en particules, qui ont la méme masse et la méme force vive de 
translation 4 ]’état dissous et 4 l'état gazeux.” 


Vapour-pressure. 


We now come to the parallel series of experiments on vapour-pres- 
sure which Raoult executed. As has been observed, it was the 
proportionality between the rise of boiling point, the lowering of 
vapour-pressure, and the depression of freezing point, which first led 
Raoult to his freezing point investigations. It was the fertility of this 
field which brought him back to a study of vapour-pressure once more. 

As had already been proved in some cases by Wiillner, Raoult found 
proportionality to exist between the lowering of the vapour-pressure 
(f—/') and the pressure (/), at least for dilute solutions, and hence 
the relative lowering of pressure 


Sf. al 
i 
is independent of temperature. 


The second step was to prove the consequence of proportionality 
between the lowering of vapour-pressure and of freezing point and to 
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test the constancy of the so-called molecular lowering which was found 
(Compt. rend., 1886, 103, 1127; 1887, 104, 967) and. could be ex- 


pressed by 

f.f . 

Fp = K, 
where, as before, P is the number of grams of substance dissolved in 
100 grams of the solvent, and Y/ its molecular weight, 

The third step was fundamental and may be considered as the 
happiest generalisation which Raoult reached (Compt. rend., 1887, 104, 
1430). It was indicated by the results of freezing point determina- 
tions in which Raoult had hoped to detect proportionality between 
molecular lowering and the molecular weight of the solvent (a relation, 
however, which did not prove to be general), The molecular lowering 
of vapour-pressure was therefore compared with the molecular weight 
of the solvent, with results which are shown in the following table : 


ah he” Salk Diminution de 

Poids a obs tension perdnite 
i 1 ; 

Dissolvant. gg ee ’ normale de Pe 00 mate. — 

— tension 

Wy . 
i sven sauhiteacencuee 18 0°185 0:0102 
Chlorure phosphoreux ...... 137°5 1°49 0°0108 
Sulfure de carbone ......... 76 0°80 0°0105 
Bichlorure _,, (CCl). 154 1°62 070105 
Chloroforme ............00060 119°5 1°30 0°0109 
Ps eoacs io cecauvsincevnes 70 0°74 0:0106 
SOUND soveccduaucsvevsbencencs 78 0°83 0°0106 
Iodure de méthyle............ 142 1°49 0°0105 
ape eo 109 1°18 0°0109 
DUE cca strucyebrsevasescoasest 74 0-71 0°0096 
MOTO S53 oss. 5. Ss cteseceess 58 0°59 0°0101 
Alcool méthylique............ 82 0°33 0°0108 


Raoulé formulates the relation thus found as follows: “1 Mol. 
de substance fixe, non saline, en se dissolvant dans 100 mol. d’un 
liquide volatil quelconque, diminue la tension de vapeur de ce 
liquide d’une fraction 4 peu prés constante de sa valeur et voisine 
de 00105,” that is, 


It was this conclusion that at once brought Raoult into relation 
with my theory of solutions (Bihang K. Svenska Vet.-Akad. Handl., 
1886, 21, No. 17), with which it is in agreement, as Raoult himself 
states (Compt, rend., 1887, 105, 859) : 
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‘“‘L’accord entre l’expérience et la théorie est donc, sur tous les 
points, aussi complet qu’on peut le désirer en pareille matiére.” 

It was the investigation of this law which Raoult pursued in detail 
in the latter part of his life; he found it to apply also to salts such 
as sodium chlorate, potassium acetate, sodium acetate, lithium chloride, 
lithium bromide, potassium thiocyanate, calcium nitrate, calcium 
chloride, and mercuric chloride, at least in alcoholic solution, in which 
they behave as non-electrolytes (Compt. rend., 1888, 107, 442), whereas 
in aqueous solution they behave, to use his own words, “comme s’ils 
étaient décomposés en leurs ions.” 

But the best part of his work was still to be done, in cooperation 
with Recoura (Compt. rend., 1890, 110, 402; 1896, 122, 1175). In 
using acetic acid, and afterwards formic acid, as a solvent, Raoult 
found that X/M, had a value of about 0°0161, instead of 0°0105, and 
at once attributed the discrepancy to the abnormal vapour density of 
acetic acid (which again is involved in the theory of solutions, as M/, 
means, on this basis, the molecular weight of the solvent as derived 
from the density of its saturated vapour), a number which also exceeds 
the normal value by about 60 per cent. It was on this account that, 
in a later publication (idid., 1893, 11'7, 833), he gave this most general 
and exact expression for his vapour-pressure observations : 

Lf Ot Wb Zn OD 
JS Pa, d M, d’ 
where d, is the observed density in the saturated vapour and d that 
calculated from ¥,. 

Although by this plan Raoult obtained absolute identity with the 
expression derived from the theory of solutions, he preferred to 
regard his formula, founded on fact, as an equation essential to the 
osmotic law, osmotic pressure still being a value unsuited for direct 
estimation. This Raoult had learned by a preliminary investigation 
(Compt. rend., 1895, 121, 187), abandoned when the manometer broke 
after the highest osmotic pressure ever observed, namely, 50 atmo- 
spheres, had been attained, a value far higher than is wanted in these 
experiments. 


We are now coming to the end. Raoult’s constitution seems to 
have been a vigorous one; the only indication to the contrary which 
I can discover is that in 1887 he resigned an additional professorship 
of Chemistry and Toxicology at the Grenoble Medical School, which 
he had held since 1873; this he resigned on account of his health, at 
first provisionally, and then, in 1892, for good. The 7th of April, 
1900, was the date for his official superannuation, but by a special 
decision of the Board of Trustees, he remained in office, hors cadre, a 


+ 
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very high distinction and a proof of his unbroken vigour at that time. 
Yet, wise man as he was, he used well those days, no doubt fearing 
that they might not last, and in two exhaustive treatises, dated 1900 
and 1901, he published his final views on Tonometry and Cryoscopy 
(Scientia, No. 8 and No. 13); it was just in time, for, without any 
warning symptoms, he died, almost suddenly, on April Ist, 1901. 


As I had not the honour of being personally acquainted with Raoult 
and only occasionally corresponded with him, I must rely on the 
verdict of others if I venture to consider him as a man. Yet his 
character may be read in his papers: activity, patience, tenacity to an 
extreme degree in pursuing an aim, having an eye as much for detail 
as for vaster and vaster horizons, absolute independence of mind, 
power of criticising or of admitting without passion the views of others 
as well as his own, and of testing both with the same calm conviction 
that the last word must rest with experiment ; this is what we read in 
every page and what the whole chemical world may know. 

Looking at him still more closely, let us read what was said in the 
name of the University and of the Faculty at the grave in that 
Grenoble which Raoult had chosen for his residence during more than 
thirty years. Possessor of the highest local distinctions, if such may 
be counted ; doyen ; holder of the only medal of the French Government 
for services given by him as vice-president of the Conseil d’hygiéne de 
’'Isére, the representative man of the University: words fail me to 
express how greatly he was regretted both on account of his character, 
and of the distinction which he had conferred on the city which 
mourned him. 

To her who best must have known Raoult I am indebted for my 
last and best words* : 

“Ce que fut l’homme privé, tous ceux qui |’ont connu ont apprécié 
cet esprit bienveillant, fin, spirituel, cette extréme bonté, cette modestiec 
& toute épreuve. 

‘Tl ne m’appartient pas de vous dire ce qu’il fut pour les siens, se 
dévouant 4 eux entiérement, les entourant de son amour, de sa 
sollicitude. 

‘Tendre pére, il eut l’immense douleur de se voir enlever une enfant 
de 8 ans, et plus tard une fille de 26 ans, laissant un enfant a qui il 
prodigua toutes ses tendresses. 

‘Puisse ce récit bien douloureux pour moi vous faire comprendre 
que comme homme et comme savant celui que je pleure mérite tous 
les regrets.’ ” 


* Letter from Mme. Raoult, Grenoble, January 24th, 1902. 
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C.—Substituted Nitrogen Chlorides containing the 
Azo-group. 
By F. D. Cuarraway. 


In order to determine the effect of an azo-group on the properties and 
direction of transformation of nitrogen chlorides, a number of such 
compounds have been prepared from aminoazobenzene. 
Aminoazobenzene yields well-crystallisedacetyl, propionyl, and benzoyl 
derivatives, which react with hypochlorous acid very readily, and form 
nitrogen chlorides possessing all the characteristic properties of the 
nitrogen halogen group. This adds another to the many reasons for 
regarding aminoazo-compounds as primary amino-derivatives. 


p-Acetylchloroaminoazobensene, C,H,*N:N*C,H,*NCl-CO-CH,. 


This compound was prepared by shaking thoroughly for about an 
hour acetyl-p-aminoazobenzene dissolved in chloroform with a half- 
normal solution of potassium hypochlorite containing an excess of 
potassium bicarbonate. Care must be taken that free halogen is not 
liberated, otherwise some decomposition takes place, and a crystalline 
product cannot be obtained. The chloroform solution was separated, 
washed with water, and dried. On evaporating off the solvent by a 
current of dry air, the nitrogen chloride crystallised out. It is readily 
soluble in benzene or chloroform, but only sparingly so in petroleum, 
and crystallises from a mixture of chloroform and petroleum 
(b. p. 60—80°) in clusters of small, irregularly grown, bright orange- 
red plates which melt at 113°5°. 

It was analysed in the usual way by dissolving a weighed quantity 
in chloroform, adding an excess of a solution of potassium iodide acidi- 
fied by acetic acid, and titrating the iodine liberated. The orange-red 
colour of the solution of the re-formed acetylaminoazobenzene was 
found not to interfere with the sharpness of the reaction when a little 
starch was used as an indicator : 


0°2020 liberated l=14‘7 cc, V/10 I. Clas <N-Cl= 12°89, 
C,,H,,ON,Cl requires Cl as :NCl = 1295 per cent. 


Propionyl-p-aminoazobenzene, O,H,*N:N-C,H,*NH-CO:C,H,. 


This is best prepared by adding a slight excess of propionic anhydride 
to p-aminoazobenzene, when considerable heat is developed, and heating 
for about half-an-hour on a water-bath. The propionyl derivative, 
which crystallises out on cooling, can be freed from any unchanged 
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amine by washing with ether. It is very soluble in alcohol, acetone, 
or acetic acid, and crystallises from any one of these solvents in mag- 
nificent orange-red plates which melt at 170°. It was analysed by con- 
version into its chloroamino-derivative, and estimation of the percent- 
age of chlorine attached to nitrogen in the latter. 


p-Propionylchloroaminoazobenzene, O,H,*N:N-C,H,*NCl-CO-0,H,. 


To prepare this compound, it is best to dissolve propionyl-p-amino- 
azobenzene in alcohol and add it to a solution of potassium hypo- 
chlorite ‘(about 0°3 normal) containing potassium bicarbonate and 
cooled to zero. The nitrogen chloride separates as a red oil which can 
be extracted with chloroform. This solution is then repeatedly shaken 
with a similar cold solution of hypochlorous acid to remove traces of 
alcohol and to complete the conversion. On separating the chloroform 
solution, drying over fused calcium chloride, and evaporating the 
solvent, p-propionylchloroaminoazobenzene is left as a deep red, oily 
liquid which, on standing, slowly crystallises. It is very soluble in 
chloroform or benzene, and moderately so in petroleum. It crystal- 
lises from petroleum (b. p. 60—-80°) or from a mixture of chloroform 
and petroleum (b. p. 35—60°) in brilliant, transparent, deep red 
prisms and melts at 57°: 


0:2072 liberated I= 144 c.c. W/10 I. Clas -NC]l=12°31. 
C,;H,,ON,Cl requires Cl as .NCl= 12-32 per cent. 


Benzoyl p-aminoazobenzene, O,H,*N:N*C,H,*-NH*CO‘O,H,. 


This was obtained by adding benzoyl chloride in some excess to 
p-aminoazobenzene, when much heat was developed,and then triturating 
the pasty product with a weak solution of potassium bicarbonate until 
it became solid and the odour of benzoyl chloride nearly disappeared. 
It was then thoroughly washed with ether to free it from unchanged 
amine, and crystallised from alcohol. It is very sparingly soluble in 
alcohol, sparingly so in acetone, and moderately so in glacial acetic 
acid. It crystallises in groups of small, reddish-orange plates and 
melts at 211°. It was analysed by conversion into the corresponding 
nitrogen chloride and estimation of the percentage of chlorine attached 
to nitrogen in the latter. 


p-Benzoylchloroaminoazobenzene, O,H,*N:N+C,H,*NCl*CO°C,H,. 


This was prepared exactly as the propionyl derivative, except that 
on account of its very sparing solubility the benzoyl-p-aminoazo- 
benzene was suspended.in the alcohol. The nitrogen chloride at once 
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crystallised out on evaporating off the chloroform. It is readily soluble 
in chloroform or benzene, but only sparingly so in petroleum. It 
erystallises from a mixture of chloroform and petroleum (b. p. 60—80°) 
in small, glistening, flattened prisms of a reddish-brown colour, and 
melts at 144° with some decomposition : 


0-2176 liberated 1=12°9 c.c. V/10 I. Clas -NCl=10°5. 
C,,H,,ON,Cl requires Clas :NCl= 10°56 per cent. 


The transformation of these compounds is being studied. 


CHEMICAL LABORATORY, 
St. BARTHOLOMEW’s HosPITAL AND CoLLEcE, E.C. 


Cl.— Nitrogen Chlorides and Bromides derived from 
Ortho-substituted Anilides, 


By F. D. Cuarraway and J. MELLo Wapmorr. 


NrrroceEn halogen derivatives of o-chlorobenzanilide and o-bromobenz- 
anilide, which have not hitherto been described, are easily obtained by 
treating the corresponding anilides with an excess of hypochlorous or 
hypobromous acid, the actions, as in other similar cases, being reversible. 
The nitrogen chlorides and bromides so obtained show all the typical 
nitrogen halogen group reactions, and readily undergo transformation 
into the isomeric 2: 4-disubstituted anilides. 


Benzoyl-o-chlorophenyl Nitrogen Chloride, C,H,Cl*-NC1-CO-C,H,. 


This compound is best prepared by dissolving o-chlorobenzanilide in 
chloroform and shaking the solution for about 10 minutes with an 
excess of a cooled decinormal solution of potassium hypochlorite con- 
taining potassium bicarbonate. On separating the chloroform solution, 
thoroughly drying it with fused calcium chloride, and evaporating off 
the chloroform in an open dish on a water-bath in a current of air, 
care being taken that the temperature of the chloroform does not rise 
much above 20°, a pale yellow, viscid liquid is obtained which can be 
made to solidify to a colourless solid by cooling and stirring with a 
little petroleum of low boiling point. 

It is often necessary in the preparation of nitrogen halogen deriv- 
atives to avoid any liberation of free halogen, otherwise a certain 
amount of transformation takes place followed by a conversion of the 
more highly substituted anilide into its nitrogen halogen derivative. 2 
If such a partial transformation takes place, the melting point of the 
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product is, as a rule, lowered to such an extent that on evaporating off 
the chloroform the substance cannot be made to solidify. The solidi- 
fication of the fused mass on cooling and stirring with petroleum of 
low boiling point generally may be taken as evidence of a successful 
operation. If the mass does not crystallise under such treatment, a 
pure product can rarely be obtained from it. 

Benzoyl-o-chloropheny] nitrogen chloride can be crystallised from a 
mixture of chloroform and petroleum (b. p. 60—80°),* from which it 
separates in brilliant, colourless, transparent, six-sided plates. It melts 
at 94°; 


0:1756 liberated I= 13-3 c.c. V/10 iodine. Clas -NC1=13°42. 
C,,H,ONCI, requires Cl as :NCl= 13°34 per cent. 


This nitrogen chloride is readily transformed into the isomeric 
2: 4-dichlorobenzanilide when heated for a short time in a sealed tube 
at about 120°. 


Benzoyl-o-chlorophenyl Nitrogen Bromide, C,H,Cl‘NBr*CO-C,H,. 


This substance is formed when o-chlorobenzanilide, dissolved in 
chloroform, is shaken for about 10 minutes with an excess of a solution 
of hypobromous acid (0:2 to 0°3 normal) to which precipitated mercuric 
oxide (about 2 per cent. by weight) has been added. The addition of 
mercuric oxide prevents any development of free bromine in the liquid 
and enables nitrogen bromides, which are very readily transformed by 
free halogen, to be prepared. The chloroform solution is then rapidly 
filtered off, washed with a dilute solution of potassium bicarbonate, and 
dried over fused calcium chloride. On evaporating off the solvent as 
previously described, a yellow, viscid mass is left which on cooling and 
stirring with petroleum of low boiling point solidifies to a crystalline 
mass. 

Benzoyl-o-chlorophenyl nitrogen bromide crystallises in short, trans- 
parent prisms of a deep yellowcolour. It is very soluble in chloroform 
or benzene, but only sparingly so in petroleum, and melts at 110°: 


0°2466 liberated I= 15-9 c.c. V/10 I. Bras ‘NBr=25-78. 
C,;H,ONCIBr requires Br as -NBr = 25°75 per cent. 


When heated in a sealed tube to 120° with a little glacial acetic acid, 
it is transformed into 2-chloro-4-bromobenzanilide. 


* All the nitrogen halogen derivatives described in the paper were crystallised 
from this solvent, The nitrogen chloride or bromide is dissolved in a little warm 
chloroform and from three to six times its volume of boiling petroleum (b. p. 60—80°) 
= pe Well-shaped crystals slowly separate as the liquid cools or on allowing it 

stand. 
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o-Bromobenzanilide, C,H, Br‘NH°CO-O,H,. 


This was prepared by adding one and a half times the calculated 
amount of benzoyl chloride to o-bromoaniline. Considerable heat was 
developed, and a semi-solid mass obtained which was triturated in a 
mortar with a weak solution of potassium bicarbonate until it formed a 
brownish-white powder. It is best crystallised from alcohol, from which 
it separates in small, colourless, apparently rectangular plates melting 
at 116°. It is readily soluble in alcohol or chioroform, but only 
sparingly so in petroleum : 


0°1528 gave 0°1033 AgBr. Br=28°77. 
O,,H, ONBr requires Br = 28°96 per cent. 


Benzoyl-o-bromophenyl Nitrogen Chloride, 0,H,BreNCl-CO-C,H,. 


This compound was prepared by adding an alcoholic solution of 
o-bromobenzanilide to a cold solution of potassium hypochlorite con- 
taining bicarbonate. A pale yellow, oily substance separated which 
was extracted with chloroform and this liquid shaken up several times 
for a few minutes with fresh cooled hypochlorous acid solution. The 
chloroform solution so obtained was separated and treated as described 
above. 

Benzoyl-o-bromopheny! nitrogen chloride crystallises in colourless, 
transparent, short, four-sided prisms with domed ends, and melts 
at 85°: 


0°3277 yielded IT=21:2cc, W/10I. Clas :NCl=11°47. 
C,,H,ONCIBr requires Cl as -NCl=11°41 per cent. 


It is transformed into 2-bromo-4-chlorobenzanilide when heated in 
a sealed tube to 120° with a few drops of glacial acetic acid. 


Benzoyl-o-bromophenyl Nitrogen Bromide, C,H, Br*NBr+CO-C,H;. 


This is best prepared by adding an alcoholic solution of o-bromobenz- 
anilide to a well-cooled solution of hypobromous acid (0-2 to 0°3 normal) 
containing suspended mercuric oxide, The liquid is then extracted with 
chloroform, which, after being quickly separated, is shaken several times 
with fresh cooled hypobromous acid containing mercuric oxide. These 
operations should not occupy more than five minutes, The chloroform 
solution is finally thoroughly dried and treated as described before. 
This nitrogen bromide crystallises in transparent, six-sided, rhombic 
prisms with steeply domed ends, It is of a brilliant deep yellow 
colour and melts at 99°: 


i i 
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02198 liberated I=12-4.c.c. W/10 I. Bras:NBr=22°55. 
O,,H,ONBr, requires Br as :NBr = 22°52 per cent. 


When heated with a few drops of acetic acid in a sealed tube to about 
120°, it is transformed into 2 : 4-dibromobenzanilide. 


Acetyl-o-chlorophenyl Nitrogen Bromide, C,H,Cl-NBr-CO-CH,. 


This was prepared exactly asdescribed under the corresponding benzoyl 
derivative. On evaporating off the chloroform, the nitrogen bromide 
separates at once as a pale yellow, crystalline mass. It is moderately 
soluble in warm chloroform or benzene, but almost insoluble in 
petroleum of low boiling point. It crystallises in short, four-sided 
prisms of a pale yellow colour and melts at 152° with slight decom- 
position and reddening : 


0°1850 liberated [= 149 c.c, W/101. Bras -NBr=32:2, 
C,H,NCIBr requires Br as :NBr= 32°17 per cent. 


When heated in a sealed tube with a little acetic acid to about 120°, 
it is transformed into the isomeric 2-chloro-4-bromoacetanilide. 

If in the preparation of this compound a strong solution of hypo- 
bromous acid containing potassium bicarbonate in which free bromine 
is liberated, or a solution of bromine in potassium bicarbonate be used, 
this change takes place at the ordinary temperature, and if the 
treatment be continued for several hours acetyl-2-chloro-4-bromophenyl 
nitrogen bromide is obtained. 


Acetyl-o-bromophenyl Nitrogen Chloride, C,H,Br*NCl*CO-CH,. 


This compound, prepared as previously described, crystallises in long, 
colourless, transparent, four-sided prisms with domed ends. It melts 
at 86°: 


0:2830 liberated I= 22:9 c.c. V/10 I. Cl as -NOl=14°34. 
C,H,ONCIBr requires Cl as :NCl = 14°26 per cent. 


It is transformed into 2-bromo-4-chloroacetanilide when heated 
with a few drops of acetic acid to 120° in a sealed tube. 


CHEMICAL LABORATORY, 
St. BARTHOLOMEW’s HosPITAL AND CoLLEcE, E.C. 
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CIl.—Elimination of a Nitro-group on Diazotisation. 
Dinitro-p-Ansidine and Derwatwes. 
By Rapnagt Metpota, F.R.S., and Jonn Varoas Eyre. 


Ir has been shown in a series of former papers that dinitro-o-anisidine 
of the formula 


loses the nitro-group, NO,*, quite readily when the amino-group is 
diazotised (Trans., 1900, '77, 1172; Proc., 1901, 17, 131; Trans., 
1901, '79, 1076). This easy removability of a nitro-group in the benz- 
ene series had not at the time of the first communication been ob- 
served, although in the naphthalene series it has been shown that a 
nitro-group in the ortho-position or a halogen atom in the same 
position with respect to the B-amino-group is similarly eliminated on 
diazotisation with the formation of a diazoxide (Gaess and Ammelburg, 
Ber., 1894, 27, 2211; Meldola and F. W. Streatfeild, Trans., 1895, 
67, 909).t We have recently learnt also from a private communication 
with which we have been favoured by Dr. Freyss of Mulhouse that 
a dinitrotoluidine similarly constituted to the above dinitroanisidine 
likewise loses a nitro-group and gives rise to nitro-m-cresol by the 
diazo-method : 


CH, CH, 
/ \NNH, 
* NO, > eg 
No, No, 


Our object in extending the research has been to ascertain whether 
the eliminated nitro-group must necessarily occupy the para-position 
with respect to the amino- and therefore with reference to the diazo- 
group and whether, as a condition of this elimination, it is essential 
that the displaced nitro-group should have another nitro-group attached 
to a neighbouring carbon atom of the benzene ring, this configuration 
being present in the molecules of the dinitro-o-anisidine and the dinitro- 


+ Our attention has recently been called by Mr. Arthur Green to the French 
Patent No. 315932 of the Badische Co., applied for Nov. 14th, 1901, and dated 
Feb. 28th, 1902, in which the displacement of halogen atoms and of nitro-groups 
in ortho- or para-positions in substituted benzene rings is elaimed as a technical 
process for obtaining substituted diazophenols. The displacement in this process is 
effected by the action of alkalis on the diazonium salts, 


DIAZOTISATION. DINITRO-P-ANISIDINE AND DERIVATIVES. 989 


o-toluidine above referred to. So far as concerns the first point, the 
position of the eliminated nitro-group with respect to the amino-group, 
the results of the present investigation show that the nitro-group need 
not be in the para-position but that an o-nitro-group may, under certain 
conditions, be eliminated, although not so readily as a p-nitro-group. 
The other point, the nature of the substituent contiguous to the nitro- 
group, has not yet been dealt with but is now under investigation, and 
will form the subject of a future communication. 

The dinitroanisidine studied in connection with the present research 
is obtained from p-anisidine by acetylation and nitration and has been 
shown to have the constitution (I). 


OCH, OCH, OCH, 
@:: 4 \xo, c Nwo, 
NO. * pM ZB 
J % 
NH, N°, ,H,OH? 
‘. II. III. 


The nitro-group* is the one eliminated on diazotisation. This is 
proved by the formation of the chloronitroanisole (II) on diazotisation 
in the presence of hydrochloric acid and treatment of the diazonium 
salt with alcohol and by the formation of the azo-compound (III) on 
combining the diazonium salt with alkaline S-naphthol in the usual 
way. In the presence of hydrochloric acid, the nitro-group, which is in 
the ortho-position with respect to the amino-group, is immediately re- 
placed by chlorine on diazotisation in accordance with the equation : 


Va 


OH,0-0,H,2NO + HO = CH,0-0,H,< + HNO, 


AN, 


The diazonium group is eliminated by the action of alcohol, or reacts 
with phenols, &c., to form chloronitroazo-compounds in the usual way. 
On the other hand, the nitro-group is not eliminated on diazotisation in 
presence of sulphuric or nitric acid, the azo-compound formed on com- 
bination with B-naphthol having the formula 


OCH, 
NO, 
NO 
“es 
N,°C,,H,*OH* 
In this respect, dinitro-p-anisidine differs from dinitro-o-anisidine, so 
that it appears as though the o-nitro-group were less easily displaced 


than the p-nitro-group. It is not unlikely that the elimination of nitro- 
groups will be found to follow an ortho-para rule as in the case of 


NN, Cl 
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substitution, but further experimental evidence will be necessary 


before this can be definitely established. 


EXPERIMENTAL. 
Nitration of p-Acetanisidide. 


A supply of p-anisidine was kindly placed at our disposal by the firm 
of Read, Holliday & Sons, Ltd., and was purified by fractional distil- 
lation and converted into the acetyl derivative. The latter, after 
crystallisation from hot water, presented the appearance of silvery 
scales having the melting point usually assigned, namely, 127° (Korner 
and Wender, Gazzetta, 1887, 17, 493). Nitration can be effected 
either in one or in two stages according to the strength of the nitric 
acid used. By boiling with 11 per cent. acid, Reverdin obtained a mono- 
nitro-derivative of the constitution C,H,(OCH,)-NO,"NH°C,H,O 
[OCH, : NO,: NH:C,H,O=1:3:4] (Ber, 1896, 29, 2595). This, on 
further nitration by dissolving in ordinary 1°42 sp. gr. acid, gives the 
dinitro-p-acetanisidide required for the present research, this com- 
pound having been first obtained by Wender (Gazzetta, 1889, 19, 220). 
There is no practical advantage, however, in dividing the operation 
into two stages, since p-acetanisidide dissolves in cooled nitric acid of 
sp. gr. 1:42 with the immediate formation of the dinitro-derivative. 
The latter is thrown out by dilution with water, and after crystallisa- 
tion from alcohol forms flat, pale ochreous needles with a silky lustre 
and melting at 230—231° (220° according to Wender)* : 


0°1130 gave 16°35 c.c. moist nitrogen at 20°8°and 757 mm. N=16°4, 
C,H,O,N, requires N = 16°47 per cent. 


The acetyl derivative can be hydrolysed by heating with alcoholic 
sodium hydroxide or with sulphuric acid, and after purification by 
crystallisation from alcohol consists of dull orange needles having a 
melting point of 188° (182°, Wender). The properties -have already 
been described by its discoverer and we need only add that it is 
sparingly soluble in boiling water and can be crystallised from this 
solvent : 


0:0965 gave 16°3 c.c, moist nitrogen at 16-7°and 766°5 mm. N=19°77. 
0°10 » Bie » i » 15° and 761 4 N=19°55. 
C,H,0,N, requires N=19-72 per cent. 

* The melting points given in this paper have all been corrected by comparing 
the readings of the thermometer actually used with a set of standard thermometers 


hearing the certificates of the Reichsanstalt of Berlin. All the ordinary thermo- 
meters which we have tried give low readings, especially for high temperatures. 
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Constitution of the Dinitroanisidine. 


The positions of the methoxy-, nitro-,and amino-groups are known 
by the mode of formation of the compound and through the researches 
of Reverdin above referred to, so that the determination of the position 
of the second nitro-group was all that was necessary for the deter- 
mination of the constitution of the dinitroanisidine. In view of the 
fact that the nitro-group in Reverdin’s nitroanisidine is in the ortho- 
position with reference to the amino-group, and that the dinitroanisidine 
is derived from this by further nitration, it is obvious that the formula 
of 2: 6-dinitro-4-aminophenol methyl ether (isopicramic methyl ether), 
usually assigned to the compound, must be erroneous (Beilstein’s 
“Handbuch,” 2, 735). In the first place, therefore, direct evidence 
confirmatory of the constitution of Reverdin’s nitroanisidine (m. p, 
122—123°) was sought for and obtained. According to the con- 
stitutional formula assigned to this compound (Hihle, J. pr. Chem., 
1891, [ii], 43, 63 ; Reverdin, Joc. cit.), it should give an o-diamine on 
reduction. In order to test this conclusion, the nitroanisidine was 
reduced in glacial acetic acid with zinc dust and a little hydrochloric 
acid, the solution filtered, and mixed with a solution containing the 
calculated quantity (one molecular proportion) of benzil in acetic acid, 
. After heating the mixed solutions for some hours on a water-bath, 
water is added and the azine thus precipitated, collected, washed, and 
crystallised from alcohol until pure. It forms ochreous needles melting 
at 154—155°, readily soluble in alcohol or benzene and dissolving in 
strong hydrochloric acid with an orange colour which becomes yellow 
on dilution, the unchanged azine finally being precipitated. The 
constitution is: 


CH,O/ NN:C-O,H, 
\ )ni6-0,, 


01058 gave 0°3132 CO, and 0°048 H,O. C=80°73; H=5-04. 
0°1232 ,, 9-7 cc. moist nitrogen at 142° and 763 mm. N=9-28. 
C,,H,,ON, requires C= 80°77 ; H=5:12 ; N=8-97 per cent. 


The formation of this azine thus confirms the presence of the 
o-amino-groups. The methoxyphenylene-o-diamine (3: 4-diamino- 
anisole) was further characterised by conversion into the dibenzoyl 
derivative, 

CH,0/ \NH-C;H,0 
\ fra . 

In order to prepare this compound, some of the nitroanisidine was 

reduced by tin and hydrochloric acid_and the tin removed by hydrogen 
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sulphide. Neither the free base nor any of its salts were readily 
capable of being isolated, so the product was benzoylated by making 
the solution of the hydrochloride alkaline and agitating with benzoyl 
chloride in the usual way. The dibenzoyl derivative was purified 
by crystallisation from glacial acetic acid and consisted of brown 
needles melting at 251—252° : 


0°1102 gave 0:2940 CO, and 0:0524 H,O. C=72°76; H=5:28. 
0:1054 ,, 7:2 c.c. moist nitrogen at 132° and 763 mm. N=8°09. 
O,,H,,0;N, requires C= 72°83; H=5:20; N=8-09 per cent. 


The position of the second nitro-group in the dinitro-p-anisidine was 
determined by conversion of the compound into dinitroanisole by dis- 
placing the NH, group by hydrogen by the diazo-method. The dinitro- 
anisole thus obtained crystallises from alcohol as a mixture of dense 
orange tablets and of ochreous needles, both forms of crystals melting at 
119°. The melting point is unchanged by crystallisation from toluene 
from which the compound separates on slow, spontaneous evaporation 
of the solvent in dense rhombohedral tablets of an ochreous colour. 
This dinitroanisole is identical with that described by Bantlin (Ber., 
1878, 11, 2105) and by Wender (Gazzetta, 1889, 19, 222), and is 
2: 3-dinitroanisole. In nitrating p-acetanisidide the first nitro-group 
therefore enters position 3 (OCH,=1) and the second nitro-group 
position 2. Evidence in support of these conclusions is given below. 

The dinitroanisole, on heating with strong hydrochloric acid to 200° 
in a sealed tube for about 23 hours, is demethylated with the production 
of 2:3-dinitrophenol, m. p. 144° (Bantlin, Joc. cit.). 

A specimen of the dinitroanisole, on complete reduction by tin and 
hydrochloric acid, removal of the tin as sulphide, and evapor- 
ation of the solution to the crystallising point, gave a white, crystalline 
hydrochloride which, on heating in acetic acid solution with sodium 
acetate and the calculated quantity of benzil, gave an azine isomeric 
with that described above. The azine crystallises from alcohol in 
white needles melting at 191°. It is soluble also in benzene, acetic 
acid, and the usual organic solvents, but is insoluble in water. The 
solution in strong hydrochloric acid is pale yellow, the azine being 
precipitated from this solution on dilution with water: 


00991 gave 0°2926 CO, and 0°0454 H,O. C=8052; H=5°09. 
01128 ,, 88c.c. moist nitrogen at 10° and 751 mm. N=9-21. 
O,,H,,ON, requires C=80°77; H=5:12; N=8'97 per cent. 


{ The constitution is 


OCH, 


( \N:0-C,H, 


\/N-OCeHs 
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The diaminoanisole, which has not hitherto been isolated, was charac- 
terised also by converting some of the hydrochloride into the diacetyl 
derivative, CH,O-(',H,(NH-C,H,0),, by boiling for a short time with 
dry sodium acetate and acetic anhydride. The product crystallises 
from hot water in white needles melting at 166—167°: 


0°1260 gave 13:4 c.c. moist nitrogen at 12° and 771 mm, N = 12°78. 
C,,H,,0,N, requires N = 12°61. 


The dinitroanisole (m. p. 119°) dissolves in fuming nitric acid at 
about 70° and gives a trinitro-derivative which is precipitated on pour- 
ing the nitric acid solution into water. After crystallisation from alcohol, 
it consists of straw-coloured scales which explode when heated suddenly 
in a dry tube and melt at 155°: 


0°1002 gave 14°6 c.c. moist nitrogen at 12° and 771 mm. N =17°52. 
01366 , 19°75 ,, » 125°, 767 , Nxl7-24. 
C,H,0,N, requires N = 17°28 per cent. 


This trinitroanisole may be the methyl ether of the 3-trinitrophenol 
of Henriques (Annalen, 1882, 215, 329), but an attempt to demethyl- 
ate it by heating with strong hydrochloric acid in a sealed tube to 225° 
failed to give any phenolic product, and the constitution of the com- 
pound must for the present remain undetermined. 

Dinitro-p-acetanisidide, on complete reduction by tin and hydro- 
chloric acid, apparently gives an aminoamidine, since the product does 
not form an azine with ortho-diketones as might be expected if the 
acetyltriaminoanisole were produced. The base and its salts are, how- 
ever, somewhat unstable, and we have not yet succeeded in obtaining 
compounds giving satisfactory results on analysis. 

The complete reduction of dinitroanisidine by tin and hydrochloric 
acid gives a triaminoanisole which is very oxidisable in the free state 
and has not been isolated. The dry hydrochloride, obtained by 
evaporating the solution after the removal of the tin as sulphide, con- 
denses readily with benzil when heated on the water-bath with an 
acetic acid solution of the diketone in presence of excess of sodium 
acetate. Two products have been obtained in two experiments, the 
first consisting apparently of an azine crystallising from toluene as a 
micro-crystalline, ochreous powder melting at about 214—215°. This 
compound is but very sparingly soluble in alcohol, to which it imparts 
an ochreous colour ; alcoholic hydrochloric acid dissolves it with the 
formation of a straw-coloured solution : 


00258 gave 2:8 c.c. moist nitrogen at 12°7° and 757°3 mm. N=12°78. 
C,,H,,ON, requires N = 12°84 per cent. 
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The azine may have one of the following formule : 
OOH, NH, 
ie a, ou CH, "ak C,H, 
\ JN.C-CgHs N.C-C,H, 
NH, 
The decision between these formule and the further investigation of 
the compound must, however, be held in reserve until a further supply 
of material can be obtained. 
In the second experiment, where apparently an excess of benzil 
was present, instead of the above azine, a compound was obtained very 


sparingly soluble in most solvents and separating from boiling toluene 
as a bright red, micro-crystalline powder melting at 258—259° : 


0°1948 gave 12°9 c.c. moist nitrogen at 12°8° and 766 mm, N =7°88, 
01005 ,, 0°2952 CO, and 00486 H,O. C=80°1; H=5°37. 


These results point to the formula of a compound resulting from 
the condensation of one molecule of triaminoanisole and two molecules 
of benzil with the elimination of three molecules of water : C,H,,ON, + 
20,,H,,0, -3H,O=C,,H,.O.N,. The latter requires C= 80-92, 
H=4'8, and N=8-09 per cent. This formula must, however, be 
regarded only as provisional, as the conditions of formation and the 
constitution of the compound have not yet been fully investigated, and 
it will be necessary to prepare a larger quantity of the material 
before these points can be cleared up. So far as we have been enabled 
to examine chemical literature, the compound does not appear to have 
been prepared before. 


Diazotisation of Dinitro-p-anisidine in presence of Sulphuric or Nitric 
Acid. 

The base is readily diazotisable in acetic acid solution in presence 
of sulphuric or nitric acid by means of sodium nitrite. On mixing the 
solution of the diazonium salt with an alkaline solution of B-naphthol, 
an azo-compound is at once precipitated. This product was finally 
obtained pure by successive crystallisations from glacial aeetic acid and 
acetic anhydride in the form of reddish-brown, glistening scales, which 
appear ruby-red by transmitted light, The melting point is 277—278° : 


0°1216 gave 15'5 c.c. moist nitrogen at 8°5° and 755°4 mm. N = 15°24. 


This result indicates that, under the above conditions of diazotisa- 
tion, both nitro-groups are retained, the compound 


CH,0-0,H,(NO,),°N.°C,)»Hg*OH = C,,H,,0,N, 
requiring N = 15:1] per cent, 
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The azo-compound is not phenolic in character ; it is practically in- 
soluble in cold alcohol, but dissolves in alcoholic alkali with a claret- 
red, and in strong sulphuric acid with a deep blue-violet, colour, 
becoming redder on dilution with water. 


Diazotisation in presence of Hydrochloric Acid. 


When diazotised in the usual way in acetic acid solution in presence 
of strong hydrochloric acid and combined with B-naphthol in presence 
of excess of alkali, an azo-compound is obtained which contains 
chlorine. The above method of diazotisation was found necessary, 
because dinitro-p-anisidine is but feebly basic and does not readily 
dissolve in strong hydrochloric acid. Its salts, in fact, exist only in 
presence of excess of acid and are dissociated by water. 

The azo-compound is immediately precipitated on mixing the solu- 
tions of the diazonium salt and alkaline B-naphthol. It is soluble in 
boiling alcohol, toluene, glacial acetic acid, acetic anhydride, or 
aniline. All its solutions are red, and the crystalline solid deposited 
from these solvents consists of bright red or reddish-brown 
needles ; when acetic acid is used as a solvent, both kinds of crystals 
are deposited. There appears to be no difference in melting point or 
in other properties between the two kinds of crystals. The melting 
point is 249—-250°. The compound is non-phenolic, It dissolves in 
alcoholic alkali with an orange-red, and in strong sulphuric acid with 
a reddish-violet, colour, which becomes redder on dilution with water. 
Analysis gave the following results : 


0°1371 gave 0°2877 CO, and 0°0536 H,O. C=57:23; H=4:34. 
01140 ,, 11:2c.c. moist nitrogenat 9°and758mm. N=11°77. 
01301 ,, 13 ‘6 i 10° ,, 7464 mm. N=11°73. 
01303 ,, 0°0518 AgCl. Cl=9°83. 
02091 ,, 00852 AgCl. Cl=10°09. 
C,,H,,0,N,Cl requires C=57:06 ; H=3:35 ; N=11°75; 
Cl= 9°93 per cent. 


The presence of chlorine in the foregoing azo-compound and the 
composition of the latter thus indicate that one nitro-group is removed 
and replaced by chlorine on diazotisation. In order to determine 
which nitro-group is displaced, the chloronitroanisole was prepared by 
diazotising the dinitroanisidine in acetic acid in presence of hydro- 
chloric acid as before and then boiling the diazonium salt with excess 
of alcohol as long as nitrogen was evolved, After distilling off the 
excess of alcohol and diluting with water, an oil is thrown out which 
distils in a current of steam and solidifies in the receiver to a white, 
crystalline mass. The melting point of this chloronitroanisole after 
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crystallisation from alcohol is 54°. It crystallises in white needles 
readily soluble in the usual organic solvents : 
0°136@ gave 8°3 c.c. moist nitrogen at 11°4°and 778 mm. N=7°38. 
0°2308 gave 0°1789 AgCl. Cl = 19°12. 
C,H,O,NCI requires N=7°46 ; Cl=18-94 per cent. 
Only two chloronitroanisoles are derivable from the dinitro- 
anisidine : 


OCH, OCH, OCH, 
( Not /NNO, ax 
4 7X0, ous * —_. = he f . 

Wu, 
I. Il. 


Of these, No. I was obtained by Schlieper (Ber., 1893, 26, 2465) by 
the chlorination of m-nitrophenol and subsequent methylation. 
Schlieper was however unable to decide finally whether his compound 
had the above formula or whether it corresponded to 6-chloro-3- 
nitrophenol (loc. cit., p. 2470). The latter modification has since been 
obtained by Reverdin and Eckhard (Ber., 1899, 32, 2625) and has a 
melting point of 83°, whereas Schlieper’s compound melts at 90° and 
the formula I originally assigned by this last author is thus confirmed. 
Our chloronitroanisole is therefore the hitherto unknown compound 
II, and it is accordingly proved that itis the 3-nitro-group which is 
replaced on diazotisation. 

The corresponding chloroanisidine is readily obtained by reducing 
the chloronitroanisole with tin and hydrochloric acid. After 
removing the tin as sulphide, the hydrochloride of the base separates 
out on concentrating the solution in the form of white needles. The 
base itself is an oil readily volatile in steam. The acetyl derivative, 
CH,0:C,H,Cl-NH-C,H,O, prepared by acetylating the hydrochloride 
by heating with acetic anhydride and dry sodium acetate, crystallises 
from alcohol in dense, colourless prisms which begin to soften between 
115° and 125° and finally melt at 147—148°: 


01059 gave 6°3 c.c. moist nitrogen at 14° and 760°6 mm. N =6°99. 
01665 ,, 01216 AgCl. Cl=18:06. 
C,H,,0,NCl requires N = 7:02 ; Cl=17°70 per cent. 


The chloroacetaminoanisole does not lose its chlorine by long 
boiling in alcoholic solution with sodium amalgam. The correspond- 
ing benzoyl derivative, CH,O-C,H,Cl‘NH:C,H,0, crystallises from 
dilute alcohol in slender, white needles melting at 130°. 

The chemical mechanism of the process which takes place on the 
diazotisation of dinitro-p-anisidine appears to be different from that 
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which occurs on the diazotisation of dinitro-o-anisidine. In the latter 
case, as shown in previous papers, a diazoxide is formed as an 
intermediate product—at any rate in the presence of acetic acid or 
sulphuric acid.* On the other hand, with dinitro-p-anisidine no 
diazoxide appears to be formed in the presence of hydrochloric acid, as 
the product of diazotisation on boiling with alkaline alcohol gives the 
same chloronitroanisole of m. p.54°. If a diazoxide were produced, this, 
on decomposition by alkaline alcohol, might be expected to give a 
nitroresorcinol methyl ether isomeric with that obtained under the 
same circumstances from dinitro-o-anisidine : 


OCH, OCH, 
. die 
‘Cy ad HO | (Proc., 1901, 1'7, 131). 
\Z 
| Xo, , 
OOH, OOH, 


Nno, ‘i NO, 
| sia \ jou 
£2 / 
N=N 
All attempts to obtain this nitroresorcinol ether have led to negative 
results, and we conclude that no diazoxide is formed under the con- 
ditions of diazotisation specified, but that the replacement of the nitro- 


group by chlorine takes place directly on the addition of the nitrite in 
the presence of hydrochloric acid according to the scheme : 


my NO, 


Cn —> CH,0-0,H,CNO, Ha 
NE woo 


CH,0- C,H, 


—> CH,0°C, na . 

N,'Cl 

In confirmation of this view, it has been found that if ails 

diazotisation in acetic acid in the presence of hydrochloric acid the 

chlorodiazonium salt is heated with excess of strong hydrochloric acid, 

or better with this acid and cuprous chloride (Sandmeyer’s process), 

the diazonium group is replaced by chlorine in the usual way and the 
dichloronitroanisole, 


* The products of diazotisation of dinitro-o-anisidine in presence of haloid hydr- 
acids are undergoing investigation in the light of the results described in this 
paper, 
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is at once formed. The latter compound comes over as a 
white, crystalline substance when a current of steam is blown 
through the solution in which the Sandmeyer operation is carried out. 
After crystallisation from alcohol, the dichloronitroanisole was obtained 
pure in the form of white needles melting at 128° and becoming 
gradually violet on exposure to light: 


0°1722 gave 9°1 c.c. moist nitrogen at 15°5° and 7558 mm. N=6'13. 
01765 ,, 02288 AgCl. Cl=32-07. 
C,H,O,NCl, requires N = 6°30; Cl= 31:98 per cent. 


The compound is dissolved by all the ordinary organic solvents and is 
also slightly soluble in boiling water. On reduction with tin and hydro- 
chlorie acid in alcoholic solution, it gives a dichloroanisidine of which 
the double tin salt crystallises in white needles. The hydrochloride of 
the base was obtained by decomposing the double tin salt with sulph- 
uretted hydrogen, removing the tin sulphide, and evaporating the solu- 
tion. The salt, CH,O°C,H,Cl,-NH,,HCl, is quite stable and crystal- 
lises in white needles. The free base is easily obtained by adding 
sodium hydroxide solution to the solution of the double tin salt and 
steam distilling the alkaline liquor. The base comes over as a colour- 
less oil which is quite stable and does not solidify at the ordinary 
(summer) temperature after standing for some days. In order to 
characterise the compound, it was converted into 3 : 4-dichloro-2-acet- 
aminoanisole by acetylation with acetic anhydride in presence of water. 
The acetyl derivative, after crystallisation from dilute alcohol, was 
obtained in the form of colourless, transparent, rhombohedral tablets 
melting at 191—192°: 


0°1553 gave 8:1 c.c. moist nitrogen at 19‘8° and 768°5 mm. N=6°03. 
C,H,O,NCl, requires N = 5-96 per cent. 


Diazotisation in presence of Acetic Acid. 


Dinitro-p-anisidine suspended in glacial acetic acid gradually dis- 
solves up on adding a solution of sodium nitrite to the cooled solution. 
At this stage, the 3-nitro-group is eliminated with the formation of a 
diazoxide or a diazonium salt, and on mixing with an alkaline solution 
of B-naphthol an azo-compound is at once formed which is phenolic 
in character and is therefore not completely precipitated until the 
solution is made acid. This azo-compound crystallises from glacial 
acetic acid, according to the rate of deposition, either in oblong tablets 
of a garnet-red colour, or in tufts of opaque, orange needles. Both 
forms of crystals are usually obtained in admixture, and both 
have the same melting point, 234—235°. The compound dissolves 
in dilute aqueous alkalis with a violet colour, the solution in 


mow ®, 


RS p 
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alcoholic ammonia being intensely coloured. It is sparingly soluble in 
boiling alcohol but dissolves more freely in toluene, the solutions being 
orange. The solution in strong sulphuric acid is magenta-red in colour. 
According to its mode of formation, the constitution is: 


OCH, 
NO, 
\ Jon 
N,°C,,H,"OH* 
0:1199 gave 12°75 c.c. moist nitrogen at 13°75° and 761°2 mm, N=12°71. 
0°1232 ,, 13°15 pe 9 134° ,, 7635 , N=12°63, 


C,,H,,0;N, requires N = 12°39 per cent. 


The presence of two replaceable hydrogen atoms is most strikingly 
shown by adding dilute sodium hydroxide solution to alcohol contain- 
ing the azo-compound in suspension. The first addition of alkali causes 
the substance to dissolve up with an intense violet colour which 
suddenly becomes red when the alkali exceeds a certain quantity. The 
monosodium derivative is thus-a violet salt in solution, and the di- 
sodium derivative a red salt. 

Whether in this reaction a diazoxide or a diazonium salt is formed 
as an intermediate product must for the present remain undecided. It 
has not been found possible to isolate a diazoxide, but such a compound 
might be present in the acetic acid solution. It is shown, however, by 
the following experiments, that the displacement of the nitro-group 
takes place directly on adding the nitrite as in the preceding cases. 

Dinitro-p-anisidine was diazotised in acetic acid as above, and after 
being allowed to stand for some time the product was decomposed by 
adding it to a solution of cuprous chloride containing hydrochloric acid 
and boiling until the evolution of nitrogen had ceased. On cooling, a 
crystalline substance separated out, and this, after crystallisation from 
water, consisted of golden scales, phenolic in character and melt- 
ing at 89°. Analysis showed it to be chloronitroresorcinol methyl 
ether : 


02006 gave 12°1c.c. moist nitrogen at 15°7° and 748'25 mm. N=6-92, 
02280 ,, 0°1609 AgCl, Cl=17°46. 
C,H,O,NCl requires N = 6°88 ; Cl= 17-47 per cent. 


This resorcinol derivative is further methylated by heating with 
dimethyl sulphate in presence of aqueous alkali, The dimethyl ether 
thus formed crystallises from dilute alcohol in small, white scales melt- 
ing at 66—67° : 


0'1736 gave 9°66 c.c. moist nitrogen at 15°8° and 761-7 mm, N=6'50, 
C,H,O,NCI requires N = 6°44 per cent. 
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The dimethyl ether is not further nitrated by the action of cold 
fuming nitric acid. 

If, instead of decomposing the diazoxide (diazonium salt) with 
cuprous chloride, the acetic acid solution after the action of the nitrite 
is mixed with excess of strong hydrochloric acid and then steam dis- 
tilled, a red, crystalline substance comes slowly over and this, after crys- 
tallisation from alcohol, forms red, rhombohedral tablets melting at 128°. 
This compound, when heated in a dry tube, passes into a greenish, 
chlorine-like vapour which condenses unchanged in red crystals on the 
cool parts of the tube. The yield is not very good and analysis showed 
that the product was chloronitroresorcinol, resulting from the de- 
methylation of the monomethy! ether above described : 


0:1281 gave 0°1773 CO, and 0:0274 H,O, C=37°'76; H=2°38. 

0°1856 ,, 11:4c.c. moist nitrogen at 16°75° and 769°7 mm. N =7°22. 

0°1862 ,, 11°84 ,, ” 175° ,, 752° ,, N=7:28, 
0,H,0,NCI requires C = 38:0; H=2°11; N=7-39 per cent. 


That this compound is chloronitroresorcinol is further proved by 
the fact that on methylation by dimethyl sulphate in presence of alkali 
it gives a mixture of the monomethy] ether, m. p. 89°, and the dimethyl 
ether, m. p. 66—67°, above described. When benzoylated by benzoyl 
chloride in the presence of alkali, it gives a dibenzoyl derivative crys- 
tallising from dilute alcohol in white needles melting at 130°. The 
chloronitroresorcinol is oxidised by mixing the acetic acid solution 
with sulphuric acid and sodium dichromate with the formation of a 
definite compound which has not been fully investigated for want of 
material. This oxidation product is not quinonoid in character ; it 
crystallises from hot water in silvery scales melting at 116—117°. 

The constitution of the resorcinol derivatives obtained by diazotising 
dinitro-p-anisidine in the presence of acetic acid is shown in the follow- 
ing formule: 


OCH, OCH, 
NO, NNO, 
OH ook 
2, Ss 
vl Ol 
M. p. 89°. M. p. 66—67°. M. p. 128°. M. p. 130°. 


The methyl ether of the 2-nitroresorcinol of Weselsky and Benedikt 
(Monatsh., 1880, 1, 887) should be obtainable by eliminating the 
diazonium group from diazotised dinitro-p-anisidine in acetic acid by 
the usual method. We have, however, thus far failed in obtaining 
this compound by the action of alcohol on the diazonium salt either 
in acid or alkaline solution. Several experiments undertaken with 
this object gave only resinous products. 
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We may point out in conclusion that the displacement of the nitro- 
group by chlorine or by hydroxyl by the method described in this - 
paper is capable of being extended to halogens generally, and that 
substituted ethers of phenol other than anisole are capable of giving 
rise to derivatives of the generalised types : 


OR’ OR’ OR’ 
(NNO, f No, ( No, 
FE PME 

x x 
R’=alkyl; X and Y =halogens. 
Such compounds are at present but imperfectly known, and those 


that have been described have been prepared by more circuitous 
methods. 


We desire to express our thanks to Mr. Stephen J. Ralph for 
much valuable assistance given during the earlier part of the session, 
Many of the analyses published in this paper were carried out by him. 
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CIII.—Tribromophenol Bromide (Dibromobenzene Keto- 
dibromide). 


By Epwarp W. Lewis (Salters’ Research Fellow). 


In studying the action of bromine on the acid obtained by sulphon- 
ating anisic acid, a substance was obtained having the composition of 
tribromophenol bromide (dibromobenzene ketodibromide), but not all 
the properties ascribed to that compound, the substance obtained by 
me melting, when recrystallised from ethyl acetate, at 147—148°. It 
therefore became necessary to re-examine the keto-compound. - 
Tribromophenol bromide was first described by Benedikt (Annalen, 
1879, 199, 127), who prepared it by adding excess of bromine water 
toa dilute aqueous solution of phenol. He stated that after repeated 
crystallisation from chloroform it melted constantly at 118°, and that 
bromine was evolved only on heating the substance to about 125°. 
The compound has since been studied by other workers, including 
Werner (Bull. Soc. Chim., 1885, [iii], 48, 372) and Thiele and Eich- 
wede (Ber., 1900, 38, 673) ; these authors, however, give no melting 
point, but Kastle (Amer. Chem. J., 1902, 27, 31) confirms the pre- 
VOL, LXXXI. 3 x 
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viously recorded melting point. The method adopted by Kastle in pre- 
paring the substance did not differ essentially from Benedikt’s original 
method, and consisted in adding a dilute solution of phenol to bromine 
water containing a slight excess of bromine, shaking vigorously, and 
allowing the precipitate to remain in contact with the liquid for 
several hours. The precipitate was filtered off, drained on porous 
earthenware, and left in the air to dry. It was finally crystallised 
from chloroform. 

To prepare tribromophenol bromide, a solution of 2°4 grams of phenol 
in a considerable volume of water was gradually added to bromine 
water containing 19 grams of bromine, no particular care being taken 
to have all the bromine in solution. After each addition of phenol, 
the bottle was vigorously shaken, and when all the phenol was added 
the mixture was put aside in a dark cupboard ,for three days. The 
precipitate was then pumped off, drained thoroughly on porous earthen- 
ware, and dried in a vacuum over sulphuric acid. On dissolving the 
dry, buff-coloured powder in warm ethyl acetate, a red solution was ob- 
tained, from which, on cooling, orange-yellow prisms were deposited. 
This product melted at 144° but evolved bromine, and was identical in 
appearance with the product from sulphoanisic acid ; a mixture of the 
two substances intimately ground together melted at 143°, bromine 
being evolved at the melting point. On recrystallising the product 
twice from chloroform, the melting point rose to 146°, but bromine 
vapours were liberated at 143°. Another portion which had been 
twice recrystallised from ethyl ‘acetate melted at 148—149°, bromine 
being given off at 145°. In each case the crystals deposited from 
chloroform were of a paler yellow colour than those from ethyl acetate 
It was possible that some change in the substance had been effected 
by the action of ethyl acetate in the first instance; a second prepar- 
ation, however, treated in an almost identical way, but crystallised only 
from chloroform, melted at 143°, giving off bromine at this tempera- 
ture. 

An attempt was now made to lower the melting point by other 
means. A third preparation was allowed to dry in the air instead of 
in a vacuum over sulphuric acid. During this process, the crisp 
powder, although left on a porous plate in the dark, became somewhat 
tacky, and slightly paler in colour. When a portion of this pro- 
duct was crystallised from chloroform, small yellow plates were 
obtained which appeared fo be homogeneous, but these melted only 
gradually between 116° and 120° and lost bromine at 123°. On 
recrystallisation from the same solvent, prisms of considerable size, 
and yellow in colour but exhibiting red patches, were obtained. This 
product melted at 133—134°. A further recrystallisation gave the 
substance in the beautiful prismatic form melting at 141—142°. A 
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quantity of tribromophenol was obtained from the original mother 
liquors, and quite a large proportion of this substance, melting at 
93—-95°, was extracted by light petroleum froma specimen of the 
crude buff precipitate which had been left exposed to the air for 
several days. 

That the substance is the tribromophenol bromide described by other 
authors appears from the following facts : 

(1) When powdered and gently warmed with a solution of sodium 
sulphite, it is converted into tribromophenol (m. p. 90—91°). 

(2) When gently warmed with strong sulphuric acid, it is converted 
into the isomeric tetrabromophenol (m. p. 110—111°). 

(3) When heated with silver nitrate solution, it is converted into 
m-dibromoquinone (m. p. 130—131°) : 


0°1620 gave 0:2957 AgBr. Br=77°67. 
C,H,OBr, requires Br = 78°05 per cent. 


The highest melting point observed was that of a specimen recrys- 
tallised from ethyl acetate, namely, 148—149°. This specimen gave 
off bromine vapour before melting, at 145°, as also did one or two 
other specimens melting at a high temperature. 

Crystallography.—Tribromophenol bromide crystallises from chloro- 
form in yellow prisms, or in six- or eight-sided plates, belonging to 
the rhombic system; the crystals sometimes attain a considerable 
size, one or two having been grown a centimetre long. The faces are 
very brilliant, but the crystals seem to grow under a strain, 
as considerable distortion is frequently evident on measurement, and 
the pinacoid faces generally exhibit a wavy surface. The larger 
_erystals are usually cracked across the long axis. When kept 
for some time, slight decomposition appears to set in even in the dark, 
and the crystals develop patches of deep red colour similar to that of 
bromine. 

The following are the details of crystallographic measurement : 


System.—Rhom bic. 

Axial Ratios.—a : 6: ¢c=0-7945 : 1: 1°5921. 

Habit.—Prisms, elongated in the direction of the a axis, or six- or 
eight-sided plates, flattened parallel to (001). 

Forms present.—b={010}, c={001}. o={111}. o'={212}. 


3x2 
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Number of 


observations. Limits. Mean. Calculated. 


Angles observed. 


:0 (010) :(111) 21 54° 8’— 54°40’ 54°30’ 54°36’ 
:o (001) : (111) 24 68 25 — 68 56 68 39 _ 

: 0" (001) : (212) 18 64 58 — 65 30 65 9 65 6 
:0 (111) :(111) 17 42 25 — 42 49 42 37 42 42 
:o (111) : (111) 20 93 27— 94 2 93 38 ee 
: 0’ (111) : (212) 15 15 35— 16 1 15 52 15 51 
: 0’ (212) : (212) 7 49 35 — 49 51 49 44 49 48 
: 0” (212) : (212) 7 39 8— 389 20 39 14 39 8 
: 0 (212) : (212) 18 114 31—115 8 114 47 114 56 
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Optical Properties.—The optic axial plane is parallel to the form 
b{010}; the optic axial angle is very large, and the acute bisectrix is 
parallel to the axis of a. The dispersion of the optic axes is very 
marked, p<v. The double refraction is positive. 
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C1V.—Some Hydroxypyrone Derivatives. 


By T. Tickiz (former Salters’ Company’s Research Fellow in the 
Research Laboratory of the Pharmaceutical Society of Great 
Britain) and J. Norman Cox, F.R.S. 


Durine some work on the constitution of meconic acid, the authors 
found that it was necessary to prepare certain hydroxypyrone deriv- 
atives in order to compare their properties (especially their colour re- 
actions with ferric chloride) with those of meconic acid. As the 
investigation of meconic acid has proved more lengthy and difficult 
than was expected, and the hydroxypyrone compounds already prepared 
are of some interest, the authors have thought it worth while to bring 
the results obtained before the Chemical Society. 

Meconic acid is known to be a hydroxydicarboxylic acid of pyrone, 
but the position of only one of the carboxyl groups is known with 
certainty, and although it has been suggested that it may bea hydroxy- 
chelidonic acid, 


8) O 

I, 2 
CO,H- 0-CO,H  CO,H- 0-00,H 
HC CH H C-OH 
be 4 
CO 


\Z 
co 


Chelidonic acid. Meconic acid (?). 
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yet there is much evidence to show that such is possibly not the 
case, Many attempts to oxidise chelidonic avid by means of hydrogen 
peroxide in presence of an iron salt have been made without obtaining 
even sufficient of the oxidised product to give the characteristic blood- 
red colour of meconic acid with a ferric salt. Dimethylpyrone, however, 
when treated in a similar manner, yields a monohydroxy-compound : 


a NN Pr 
CH,G C-CH, CHyC C-OH, 
HC CH HC C-0OH 

We 

CO CO 
Dimethylpyrone. Hydroxydimethylpyrone. 


An aqueous solution of this substance gives a brilliant blue-violet 
instead of a blood-red colour with ferric chloride, thus showing that 
a 3-hydroxypyrone does not in this respect resemble meconic acid. 
That this colour reaction with an iron salt depends on the presence 
and position of the hydroxyl groups in pyrone compounds is shown by 
the fact that when the hydrogen of the hydroxyl group is replaced (in 
meconic acid or in 3-hydroxydimethylpyrone) by an ethyl or an acetyl 
group, no colour with ferric chloride can be produced. 

Although chelidonic acid did not yield any simple oxidation product 
with hydrogen peroxide, yet meconic acid itself can be made to yield 
a hydroxy-compound when treated with that reagent in presence of an 
iron salt. During the reaction, however, carbon dioxide is formed as 
well : 

C,H,O, + H,O, = C,H,O, + CO, + H,0. 

This acid yields an intense violet colour with ferric chloride, which 
may be taken as evidence of the new hydroxyl group being in the 
3-position, and as carbon dioxide has been eliminated during the re- 
action, it is possible that this 3-position was formerly occupied by the 
carboxyl group. 


Preparation of Hydrouydimethylpyrone. 


Ten grams of dimethylpyrone were dissolved in 500 c.c. of water 
together with 15 grams of crystallised ferrous sulphate and 5 grams of 
sulphuric acid. One molecular proportion of hydrogen peroxide was 
added gradually and in small quantities, the liquid being kept cool by 
means of ice. A deep purple colour was immediately produced, and if 
the solution is not kept properly cool a considerable rise of tempera- 
ture occurs. After all the hydrogen peroxide had been added, the 
liquid was set aside in a well-corked flask for two hours. The purple 
colour had then entifely disappeared. ‘The liquid was extracted with 
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chloroform, which dissolved the hydroxyl compound together with a 
large quantity of the unaltered dimethylpyrone, from which the 
former could not be separated by fractional crystallisation. A nearly 
complete separation was ultimately effected by treatment with a boil- 
ing solution of barium hydroxide, which forms an insoluble compound 
with dimethylpyrone. The new compound was extracted with chloro- 
form from the barium hydroxide solution made just acid with hydro- 
chloric acid and recrystallised from alcohol, in which it is fairly 
soluble. It crystallises from water in well-marked needles, is 
volatile, and can be sublimed. Some of the hydroxydimethylpyrone 
was sublimed and then recrystallised. On combustion, it gave the 
following numbers : 


0°2856 gave 0°6308 CO, and 01468 H,O. C=60:2; H=5-7. 
C,H,O, requires C= 60°0 ; H=5-7 per cent. 


Hydroxydimethylpyrone melts at 162°5° (corr.). It is readily volatile 
with steam. It gives a brilliant bluish-violet colour with ferric chloride, 
It is readily soluble in water, alcohol, ether, or chloroform, but only 
sparingly so in petroleum. The substance does not combine with 
hydrochloric acid, and therefore does not possess the basic properties of 
dimethylpyrone. By continued boiling with acetic anhydride (or more 
quickly by heating to 130°), an acetyl derivative is produced which 
resembles the hydroxyl compound in its solubility and also in being 
volatile with steam. The best solvent was found to be ethyl acetate, 
from which it crystallises in short, thick prisms melting at 98°. The 
compound is neutral to litmus, and gives no colour with ferric chloride. 

On analysis : 


0°1777 gave 0°389 CO, and 0:0905 H,O. C=59-'7; H=56. 
C,H,,O0, requires C=59°4; H =5°6 per cent. 


Hydroxydimethylpyrone, when heated in a sealed tube with strong 
ammonia solution, yields a new compound crystallising in light 
needles, which give a nearly pure blue colour with ferric chloride. 


Preparation of Hydroxycomenic Acid. 


Fifty grams of meconic acid were dissolved in 1} litres of water 
together with -1 gram of reduced iron, The calculated quantity of 
hydrogen peroxide to give one atomic proportion of oxygen to half the 
meconic acid taken was then gradually added, carbon dioxide was at 
once given off even in the cold. If more hydrogen peroxide is added, 
the product itself becomes oxidised. After standing for some hours, the 
liquid was boiled down under reduced pressure to about 250 c.c., and the 
meconic acid which separated out together with the iron present was 
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filtered off. The residue was evaporated down in a vacuum desiccator. 
By conversion into a sparingly soluble ammonium salt, it was finally 
obtained free from the last traces of meconic acid. The free acid, 
crystallised from water, forms small, nodular prisms or long fine 
needles melting at 275° (corr.). On analysis: 


0°146 dried at 100° lost 0°0338 H,O. H,O=23°4. 

0114 ,, - gave0'1766CO,and0-0255 H,O. 0 = 42:1; H=2°4. 
C,H,0, requires C=41:9-; H=2°3 per cent. 
C,H,0,,3H,0 requires H,O = 23'8 per cent. 

The reaction has therefore taken place according to the following 

equation : 
C,H,O, + H,O, = C,H,O, + CO, + H,0. 

The acid seems to be dibasic, for 0°8477 gram of the crystallised 
compound required for neutralisation 7:4 c.c. of normal soda, litmus 
being used as the indicator, H,C,H,O,,3H,O requiring 75 cc. It is 
soluble in water or alcohol, less so in ether, and hardly at all in chloro- 
form ; with ferric chloride, it gives an intense violet colour, but with 
excess of ferric chloride the substance seems to be oxidised even in the 
cold, and the colour is changed to red. From these properties, it 
seemed probable that the substance was identical with an acid obtained 
by Reibstein (J. pr. Chem., 1881, [ii], 24, 286) by the action of barium 
hydroxide on bromocomenic acid. He, however, gives no melting 
point for the acid, but states that the melting point of the ethyl ester is 
204° and that of the diacetoxy! derivative 75°. These compounds were 
therefore prepared from the acid obtained by the oxidation of meconic 
acid ; they were found to melt at 207°5° and 75° respectively.: The 
two acids are therefore probably identical. 

Attempts to prepare either meconic acid or hydroxycomenic acid 
by oxidation of chelidonic acid were entirely unsuccessful, on the addition 
of hydrogen peroxide to a solution of the acid containing a ferrous 
salt, not even the cherry-red colour characteristic of meconic acid 
being produced. 
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CV.—Brazlin and Hematoxylin. Part IV. On 
Dimethoxycarbouybenzoylformic Acid, Brazilinic 
Acid, de. 

By W. H. Perk, jun. 

In the first three parts of this investigation (Trans., 1901, '79, 1397 ; 

this vol., 221, 236), experiments were described the results of which 


appeared to the author to prove that the constitutions of brazilin 
and hematoxylin were best represented by the two formule* ; 


ou \ca——/ ou 
OH 
Pf Non,“ / 

CH 

OH 

Brazilin. Hematoxylin. 

Attention was called to the fact that the formation of large quantities 
of m-hemipinic acid by the oxidation of trimethylbrazilin rendered the 


formula first proposed by Gilbody and Perkin (I) and that suggested 
by Feuerstein and Kostanecki (II),* 


ou’ ‘\Y\c—cu,/ Sow oH’ YY’ \cH 


OH | 
\J\ OOH NY A 0:08 
CH, CH——CH, 
Z, II. 


untenable. Neither of these formule contains the grouping 


us 
of Me 
/ 
CO,H 


OMe and therefore neither can account for the formation of 
m-hemipinic acid, O77 9 08 oxidation. 
2 


Quite recently, Kostanecki and Lampe (Ber., 1902, 35, 1667) have 


* These two formule were based on Herzig’s discovery (Monatsh., 1898, 19, 


we eed ; Nou 
738) that brazilin, on fusion with potash, gives protocatechuic acid, | 
CO,H\ 0H! 


and that therefore it contains the group | we 


wah Pi OH 
afterwards that m-hemipinic acid was isolated from the products of the oxidation of 
trimethylbrazilin. 


; it was not until some time 


PERKIN : BRAZILIN AND HEMATOXYLIN. PART Iv. 1009 


published a further paper on brazilin in which they state that the 
discovery of m-hemipinic acid among the oxidation products of tri- 
methylbrazilin is not to be considered as evidence against their formula, 
but rather supports it. Taking their formula as a basis, they assume 
that either a phenanthrene derivative (III) or an indene derivative 
(IV) is first formed during the oxidation, and that then the one or the 
other of these is further oxidised, yielding m-hemipinic acid. 

So far as can be judged by their paper, the preliminary changes 
they suppose to take place are represented by the following scheme : 


Meo’ \ \ce Meo \/\gH OMe \’ Nox 
A 60H LAA 


OH 3 
OMe 


OMe 
Trimethylbrazilin, IV. 
Phenanthrene derivative. Indene derivative. 


The closing of new rings during the course of an oxidation with 
permanganate is, to say the least of it, very unusual, and Kostanecki 
and Lampe do not give examples of known changes of this kind in 
support of their assumption. 

Oxidation by means of alkaline permanganate is generally, and with 
reason, considered to be une of the most straightforward processes 
in organic analytical research. Thus, during the great amount of 
work which has been done on the determination of the constitution of 
alkaloids—such as papaverine, berberine, hydrastine, and narcotine, 
for example,—permanganate has been very largely used, and it has 
always been assumed that the skeleton of the product obtained on 
oxidation was contained also originally in the substance oxidised. 

As trimethylbrazilin, on oxidation, yields m-hemipinic acid, and 
the skeleton of this acid is not to be found in the formula for 
brazilin suggested by Feuerstein and Kostanecki, the author considers 
that he was entitled to conclude, as he did, that this formula is 
incorrect. The explanation of the formation of m-hemipinic acid 
which these chemists are driven to adopt in order to bring the 
formation of this acid into harmony with their formula is so unusual 
and unlikely that it can only be entertained if supported by very 
definite experimental proof, and this is certainly not the case at 
present. 

At the end of their recent communication (Ber., 1902, 35, 1674), 
Kostanecki and Lampe state “ that they have often considered whether 
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Mr. W. H. Perkin is not after all right in his view that the residue 
of m-hemipinic acid is contained in brazilin,” and suggest that, in that 
case, their formula may be modified to read thus : 


This expression is, of course, quite different from their first formula and 
not merely a modification of it, and in suggesting this new formula they 
remark in a footnote that they think it strange that Perkin has not 
discussed its possibility. . 

As a matter of fact, this formula, to which Herzig has already 
called attention (Monatsh., 1901, 22, 2), was carefully considered 
along with several others not mentioned in the author’s publications, 
but was rejected because it was not in accord with the experimental 
facts. Kostanecki and Lampe seem to have overlooked the important 
point that one of the substances formed in the oxidation of trimethyl- 
brazilin is an acid called brazilic acid (this vol., p. 221), the constitu- 
tion of which has been clearly proved to be 


Meo’ \” On CH, 


UL Ac CH,:CO,H . 
GO 


A glance at the formula last suggested by Kostanecki and Lampe 
and given above, shows at once that this formula does not contain 
the skeleton of brazilic acid and offers no explanation for the 
formation of this acid, unless indeed some remarkable molecular change 
is again assumed to take place during oxidation. 

On the other hand, there is no known decomposition of brazilin 
which cannot be explained by the formula proposed by the author and 
given at the beginning of this paper, and therefore he is of opinion 
that, until a more satisfactory expression has been suggested, this 
formula may well be accepted as best representing brazilin and the 
second formula, for the same reasons, as that which in the meantime 
best represents hematoxylin. 

As in the case of all compounds of complicated constitution, 
. syuathesis alone can be accepted as conclusive proof of such constitution, 
and therefore until brazilin or hematoxylin has been synthesised, any 
formula assigned to either of them entirely on the results of analytical 
work must be considered as being possibly only an approximation to 
the truth. 
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During the course of the investigation of brazilin and hematoxylin, 
which has extended over many years, a considerable number of 
substances have been obtained from both of them, descriptions of 
some of which have already appeared in brief abstracts published from 
time to time in the Proceedings. It was the intention of the author 
to defer the detailed description of the preparation and properties of 
many of these until conclusive evidence of their nature had been 
obtained. Since, however, in their recent papers (Joc. cit.) Kostanecki 
and his co-workers have commenced the investigation of some of the 
decomposition products discovered by the author of this paper, it has 
become necessary to describe in more detail the results, which so far 
have only appeared in abstract. 

The experimental work, which has been described in the three parts 
of this research already published (/oc. cit.), has proved that when 
trimethy]brazilin is oxidised with permanganate at the ordinary tempera- 
ture, three principal substances are formed, the constitutions of all 
of which are known ; these are 


00,H/ OMe meo/ \/0°CH:°00,H pi 
00,H\ JoMe _ 00.8 
m-Hemipinic acid. 2-Carboxy-5-methoxyphenoxyacetic acid. 
Meo/ \/\cH, 
/ C(OH)’CH,°CO,H 
CO 


Brazilic acid. 


The mother liquors from which these acids had separated were 
found to contain, besides oxalic, acetic, and formic acids and other 
substances of simple composition, four new and important acids. 

(i) The first of these crystallises in thick prisms of the formula 
C,,H,,0,,2H,O, and becomes anhydrous at 100°; its investigation has 
proved conclusively that it is the hitherto unknown dimethoxy- 
carboxybenzoylformic acid of the formula 


and in proof of this the following points may be mentioned. 

It is a dibasic acid and yields a silver salt of the formula 
C,,H,0,Ag, ; it combines with hydroxylamine and with semicarbazide 
and therefore contains the ketonic group. That it is a ketonic acid is 
further confirmed by its behaviour on reduction, when it readily takes 
up two atoms of hydrogen and is converted into the corresponding 
hydroxy-acid, which at once loses water with formation of the lactone. 
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This lactone of dimethoxycarboxymandelic acid, when heated above its 
melting point, loses carbon dioxide with formation of m-meconine : 


Co co 
fY ‘ome _  <\/Nome 
Q loMe = % J Jome + ©: 
con va ‘ya, 
F Lactone. olbenatiin 


the constitution of which is proved by the fact that, on oxidation, it 
is converted quantitatively into m-hemipinic acid : 


CO,H/ OMe 
Om OMe ° 
The preparation of m-meconine is a matter of considerable interest 
on account of its relationship to meconine and y-meconine, both of 
which have already been obtained as products of the degradation of 
narcotine and berberine respectively. 


Meconine and y-meconine correspond to the two opianic acids and 
to hemipinic acid, 


CO OMe OMe 
6 OMe CO,H OMe 
VA) oa) 
CH, “wi OMe 
Meconine. Opianic acid. CO,H OMe 
CH, OMe OMe CO,H 
é ( oMe CHO” oMe -7T Hemipinic acid. 
CO,H 
we ol 
CO 
-Meconine. w-Opianic acid. 


whereas in the case of m-hemipinic acid there can only be one 
m-meconine and m-opianic acid ; 


CO ; 
& Y \oMe 00,H/” OMe 00,H/ ‘on 
OM CHO OM CO,H OM 
a aca Arr vile anaes 
CH, 
m-Meconine. m-Opianic acid. m-Hemipinic acid. 


m-Opianic acid is unknown, and, in order to complete the series, a 
number of experiments were made with the object of preparing this 
acid, but unfortunately without success. This acid should be formed 
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by the elimination of carbon dioxide from dimethoxycarboxybenzoyl- 
formic acid, 

CO,H-CO-C,H,(OMe),*CO,H =CHO-C,H,(OMe),*CO,H + CO,, 
but although carbon dioxide is evolved when this acid is heated, the 
resulting m-opianic acid undergoes condensation with formation of a 
substance, C,,H,,0,, described on p. 1025. It is curious that a quantity 
of m-hemipinic acid is formed during this decomposition. 

Experiments were also made on the oxidation of m-meconine under 
exactly those conditions which lead from meconine to opianic acid, but 
in this case also no trace of m-opianic acid could be obtained. 

(ii) The second new acid which has been obtained from the oxidation 
of trimethylbrazilin with permanganate is a very sparingly soluble sub- 
stance of the formula C,,H,,0,, and melts at about 214°; it is di- 
basic and is derived from the catechol nucleus of brazilin, since it 
contains two methoxy-groups and when fused with potash yields a sub- 
stance the aqueous solution of which gives with ferric chloride an 
intense green coloration. 

Judging from these properties and the fact that it is obtained along 
with dimethoxycarboxy benzoylformic acid, there can scarcely be a doubt 
that it is dimethoxycarboxybenzylformic acid, the relationship between 
these two acids being readily seen by writing their formule side by 


side : 

CO,H/” OMe CO,H/” NOMe 
00,H-COL_/0Me CO,H-CH,| JOMe 
Dimethoxycarboxybenzoyl- Dimethoxycarboxybenzyl- 

formic acid. formic acid. 


(iii) Another new acid, which not only melts at about the same tem- 
perature—namely, at 216°—but like the acid just mentioned is also 
very sparingly soluble in water, has also been isolated in very small 
quantities from the products of the oxidation of trimethylbrazilin. 

This acid is also dibasic, but it is derived from the resorcyl nucleus 
of brazilin, since, on fusion with potash, it yields a substance which 
gives a violet coloration with ferric chloride. The analyses of the 
silver salt, C,,H,O,Ag,, and of the acid itself show clearly that it has 
the formula C,,H,,0,, and this fact, taken in conjunction with the 
simultaneous formation of 2-carboxy-5-methoxyphenoxyacetic acid, 
MeO:C,H,(CO,H)-O-CH,°CO,H, and brazilic acid (see next page), make 
it probable that the constitution of this new acid is represented by one 
of the two formule 


Meo’ \0"CH:'CH(0H):CO,H yy. /\_/0'CH, 00, H 


\CO,H \/CH(0H):-00,H 
I. I. 
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Formula I is to be preferred on account of its close relationship to 
at of brazilic acid, 


Meo” \’ "i 
\_ /C(OH)'CH,’CO,H, 
CO 


and in the meantime, therefore, this acid will be named methoxycarboxy- 
phenoxylactic acid. 

(iv) The next acid which has to be discussed is brazilinic acid, an acid 
which has already been mentioned in a previous paper (Trans., 1901, 
79, 1010) and is formed in considerable quantities when trimethyl- 
brazilin is oxidised with permanganate, 

This acid has the formula C,,H,,0, and therefore contains the same 
number of carbon atoms as the trimethylbrazilin, C,,H,,0,, from 
which it was derived, and for this reason it was most important that 
every effort should be made to determine its constitution. 

As the result of careful investigation, the author has come to the 
conclusion that the constitution of this acid is best represented by the 


formula 
Meo \/ \cH— OMe 
r™ CHO OMe’ 


CO,H CO,H 
Brazilinic acid. 
an expression which is derived in a simple manner from the author’s 
formula for trimethylbrazilin, 


0 
Meo” av iF : 
VAN AN 
CH 0H, 
OH 


The evidence on which the above formula for brazilinic acid is 
based may be briefly summarised as follows: 

I. It is a dibasic acid, as is shown from the analyses of its potassiwm 
‘ salt, C,,H,,0,(CO,K),, silver salt, C,,H,,0,(CO,Ag),, and of its crystal- 
line methyl ester, C,,H,,0,(CO,Me),. 

II. The presence of the aldehyde group is shown by the fact that 
the acid combines with phenylhydrazine and p-bromophenylhydrazine 
in acetic acid solution yielding colourless crystalline condensation 
products. The compound with phenylhydrazine is formed according 
to the equation : 


C,5H,,0) + C,H,-NH*‘NH, = ©,,H,,0,N, + 2H,0, 


and is a monobasic acid, that is to say the phenylhydrazine has 
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not only reacted with the aldehyde group, but also with one of the 
carboxyl groups, either from the resorcyl or the catechol nucleus. 
Which of these carboxyl groups takes part in the reaction it is impos- 
sible to say at present, but assuming that it is the catechol carboxyl 
group, the constitution of the condensation product of brazilinic acid 
with phenylhydrazine will be 


HO,C N-N-O,H, 


The condensation with p-bromophenylhydrazine proceeds on the same 
lines, and thus the behaviour of brazilinic acid towards these reagents 
is similar to that of opianic acid, which reacts with phenylhydrazine 
to form opianylphenylhydrazide, 


CH 
JAN AHO /\/ x 
| yields ol { , 
amaae \00.H Me Ne NOH, 
OMe ” MeO CO 


Liebermann (Ber., 1886, 19, 766) 

Ill. A curious characteristic of brazilinic acid is that, under certain 
conditions not clearly understood, it is obtained in the form of a stable 
hydrate, C,,H,,0,,H,O, which may be dried at 100° without losing water. 
It melts at 130° with effervescence, solidifies again, and then shows 
the melting point of brazilinic acid (208°) ; it is also converted into 
brazilinic acid when boiled with dilute sulphuric acid. There can be 
no doubt that in this hydrate the aldehyde group in the acid has 
been converted into the dihydroxy-group, *CH(OH),, a change similar 
to that which takes place when chloral becomes converted into chloral 
hydrate, CCl,*CH(OH).,. 

IV. When oxidised by means of permanganate, brazilinic acid 
yields m-hemipinic acid (p. 1033), a decomposition which is readily 
understood with the aid of the above formula for the former acid. It 
has not so far been found possible to isolate the acid formed from 
brazilinic acid by the simple oxidation of the CHO group. 

V. Brazilinic acid is very readily reduced by sodium amalgam and 
is then quantitatively converted into the corresponding dihydro-acid, 
which, however, at once loses water with formation of the lactone of 
dihydrobrazilinic acid (m. p. 228°) : 

C9H,,0, we Cig H 90, “> CoH} 505 
Brazilinic acid. Dihydrobrazilinic Lactone of dihydro- 
acid. brazilinic acid. 


The constitution of this monobasic lactonic acid (assuming that it is 
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the catechol carboxyl group which takes place in the formation of the 
lactone) may be represented thus: 


Meo” JO. OH (ome 
OM 
he ‘”~ bing ne ® 


Lactone . em acid. 


and the formation of this lactonic acid is strong evidence in favour of 
the forimula of brazilinic acid suggested above. 

There are many other interesting reactions of this acid, which are 
described in detail in the experimental part of this paper but need 
not be mentioned here. It should, however, be remarked that 
tetramethylhematoxylin, on oxidation with permanganate, yields 
an acid called hematoxylinic acid, a description of which has already 
appeared in a previous paper (this vol., 239, 243). 

The formula there assigned to this acid was 


MeO 


Meo’ \/ \cH—/oMe 


\/A,,_ 080 A ome 
CO,H CO,H 


Hieteahenyftiiie ad. 


and in all its properties it shows an exactly similar behaviour to 
brazilinic acid. 


The Oxidation of Trimethylbrazilin by means of Chromic Acid. 


The more important of the very interesting substances which are 
formed in this oxidation and in the subsequent further treatment of 
the primary product of the reaction (trimethylbrazilone) have been 
very carefully investigated. And yet, although the changes which 
are involved in their formation are entirely confined to that section 
of the author’s formula for brazilin which is situated between the 


dotted lines, 
OH :\cn H 
CH OH?’ 
Ya oH, 


OH 


it has not so far been found possible conclusively to demonstrate the 
nature of these changes. 

So far as the determination of the constitution of brazilin is con- 
cerned, it may be said that the study of the oxidation of trimethyl 
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brazilin with chromic acid has not yielded results of such direct 
fundamental importance as was the case in the oxidation with 
permanganate. Doubtless, however, as soon as the constitution of the 
principal products of the oxidation with chromic acid has been clearly 
proved, this part of the investigation will constitute a valuable con- 
firmation of the results obtained in the permanganate oxidation. 

As Gilbody and Perkin first showed (Proc., 1899, 15, 27), trimethyl- 
brazilin is remarkably easily oxidised by chromic acid, being converted 
at the ordinary temperature into a substance of the formula C,,H,,O,, 
which melts at about 185°* and has been named érimethylbrazilone. 
In the formation of this substance, trimethylbrazilin has therefore 
taken up one atom of oxygen and lost two atoms of hydrogen, thus: 


C,,H,,0(OMe),-OH + 20 = C,,H,0,(OMe),OH + H,0. 


When heated at about 190°, trimethylbrazilone readily loses one 
mol. of water, forming anhydrotrimethylbrazilone, C,)H,,0(OMe),*OH, 
a crystalline substance which melts at 198° and still contains a 
hydroxy-group, since, when digested with acetic anhydride, it yields 
acetylanhydrotrimethylbrazilone, t C,,H,O(OMe),*O°C,H,0. 

This acetyl compound melts at 175° and is identical with the sub- 
stance which Herzig (Monatsh., 1895, 16, 913) first obtained by the 


* In the abstract of this paper which appeared in the Proceedings (loc. cit.), the 
melting point of trimethylbrazilone was stated to be 191°. 

Trimethylbrazilone is a substance which decomposes on heating, and like all 
substances of this kind it is very difficult to assign a definite melting point to it, 
The melting point, 191°, originally given by Gilbody and Perkin, which has been 
the cause of a good deal of confusion, was repeatedly obtained, with very pure 
material, by plunging the capillary tube into the bath of sulphuric acid heated, in 
different experiments, between 180° and 191°. 

When the determination was done in the ordinary way and the temperature 
raised somewhat rapidly, the melting point of the substance was always found to be 
about 188—185°, and this value is therefore adopted in this paper. Repeated 
recrystallisation of the substance lowers the melting point in a remarkable way, 
probably owing to the formation of small quantities of anhydrotrimethylbrazilone, 
and this must be the reason why Herzig (Monatsh., 1902, 23, 172) gives the melting 
point at 160°, and Kostanecki and Lampe (Ber., 1902, 35, 1670) at 165°. 

The examination of the decomposition products of trimethylbrazilone prepared 
with specimens made by different methods has proved conclusively to the author that 
there is only one substance of this composition formed by the oxidation of trimethyl- 
brazilin with chromic acid even when the conditions are varied through a wide range 
of temperature and concentration (compare Kostanecki and Lampe, loc. cit., p. 1671). 
The name §-trimethylbrazilone, which Herzig suggested for his substance of melting 
point 160°, is therefore no longer necessary. 

+ The name acetylanhydrotrimethylbrazilone used in this paper applies also to 
Herzig’s trimethylmonoacetyldehydrobrazilin (Monatsh., 1895, 16, 914), and this 
alteration in nomenclature was made because the latter name does not indicate the 
relationship of this acetyl compound to trimethylbrazilone so well as the former does, 
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oxidation of acetyltrimethylbrazilin. This same acetyl compound is 
produced at once when trimethylbrazilone is digested with acetic 
anhydride and sodium acetate, acetylation and elimination of water 
taking place simultaneously. Anhydrotrimethylbrazilone is character- 
ised by possessing feebly acid properties, since it dissolves in caustic 
potash and yields a crystalline potassium salt of the formula 
C,,H,0(OMe),°OK ; this salt is, however, partially decomposed by water 
and very readily by carbon dioxide. Herzig (Monatsh., 1902, 23, 174), 
who also investigated the action of potash on trimethylbrazilone, has 
shown that this substance when titrated with hot caustic potash takes up 
exactly 1 mol. KOH with formation of a solution which, on acidifying, 
yields anhydrotrimethylbrazilone ; there can therefore be no doubt that 
the salt so formed in solution was the salt of the latter substance and not 
that of trimethy]brazilone itself. This is confirmed by the fact mentioned 
in the following paper (this vol., p. 1043) that trimethylbrazilone, when 
heated with alcoholic potash, is completely converted into anhydrotri- 
methylbrazilone. The latter substance behaves like an unsaturated com- 
pound and is readily oxidised by permanganate, yielding m-hemipinic 
acid and dimethoxycarboxybenzoylformic acid : 


a 


we 
: i 00,H OMe 
CO,H\ /OMe CO,H-CO\ OMe 


One of the most remarkable properties of trimethylbrazilone is its 
behaviour towards phenylhydrazine, with which it readily reacts to 
form a compound of the formula C,,H,,0,. In the formation of this 
substance, which melts at 173° and has been called deoxytrimethyl- 
brazilone, the phenylhydrazine simply plays the part of a deoxidising 
agent thus : 

C,,H,O(OH),(OMe), — 20 = C,,H,O(OMe),, 
a very unusual property of this reagent. 

Deoxytrimethylbrazilone crystallises unchanged from acetic anhy- 
dride and therefore does not contain a hydroxy-group ; it is unsatur- 
ated and very readily attacked by permanganate, but unfortunately 
no substances of importance could be isolated as the result of this 
oxidation. 

With regard to the question of the constitutions of trimethylbraz- 
ilone, dehydrotrimethylbrazilone, and deoxytrimethylbrazilone, it is, 
at present, not possible to give formule to these substances which can 
be considered as definitely proved, but the author is of the opinion 
that constitutional formule, which are in complete harmony with the 
properties of these substances, may be easily deduced from his 
formula for trimethylbrazilin ; 
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Meo °\cH (Some - 
Ngee 


OH 


Trimethylbrazilone is formed from trimethylbrazilin by the removal 
of two atoms of hydrogen and the addition of one atom of oxygen, 
and its constitution may therefore well be represented thus: 


Meo/ \/°\c—-—/” Noe 


OH 


Trimethylbrazilone., 


This represents trimethylbrazilone as a saturated dihydroxy-com- 
pound, and the removal of two atoms of hydrogen to form a bridged- 
ring is not without analogy, having often been observed in the terpene 
series and in other cases, That trimethylbrazilone is a dihydroxy- 
compound is indicated by the fact that it readily loses water 
with formation of anhydrotrimethylbrazilone. The latter substance 
still contains one hydroxy-group, since it yields an acetyl compound 
with acetic anhydride ; its constitution, derived from that of tri- 
methylbrazilone, may therefore be represented as 


Meo Y “2 —_/ \oMe 
= Ag Sa jome ’ 


On 
Anhydrotrimethy]brazilone. 


This formula affords a ready explanation of the formation of 
m-hemipinic acid and dimethoxycarboxybenzoylformic acid ; 


C0,H/ NOMe ss 00 H/ NOMe 
>. ee 00,H: Gol JoMe 


OO 7 
by the oxidation with permanganate. 

Deoxytrimethylbrazilone is produced by the removal of two atoms 
of oxygen from trimethylbrazilone, and these two atoms of oxygen 
are derived from the two hydroxy-groups, as is clearly proved 
by the fact that deoxytrimethylbrazilone is incapable of forming 
an acetyl compound, and therefore does not contain a hydroxy- 

3 Y¥ 2 
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group ; the formula of this substance may therefore be represented 


thus : 
-) \v OC OMe 


to 
HO) OMe 
Re ne Z \CH’ \/ 


inenipeeaglileailng 


Although, then, it is possible with the aid of the author’s formula 
for trimethylbrazilin to deduce formule for trimethylbrazilone, anhy- 
drotrimethylbrazilone, anddeoxytrimethylbrazilone which are in accord- 
ance with the facts, so far as they are at present known, the author 
does not, of course, intend to suggest that these formule are in any 
way final. Much further experimental evidence is necessary before the 
constitution of these compounds can be definitely established. 

Perhaps the most remarkable reaction which trimethylbrazilone 
shows is its behaviour with nitric acid, in which it dissolves, forming a 
pale yellow, crystalline nitro-compound, C,,H,,O,.N, melting at 230°. 
This process, which takes place almost quantitatively, is not a simple 
case of nitration, since, in the formation of the new nitro-compound, no 
water is eliminated, the reaction being one of addition, thus : 


C,oH,,0, + HNO, =C,,H,,O.N. 


From this it follows that, besides nitration, the elements of water 
must have been taken up in some way, and for this reason the new 
nitro-compound has been called nitrohydroxydihydrotrimethylbrazilone.* 

The nitro-compound contains one hydroxy-group, because when 
boiled with acetic anhydride it yields nitroacetoxydihydrotrimethyl- 
brazilone, NO,*C,,H,O,(0°C,H,O)(OMe),, the acetic anhydride showing 
no tendency to cause the removal of water as it does in the case 
of the formation of acetylanhydrotrimethylbrazilone from trimethyl- 
brazilone. 

The nitro-compound is insoluble in sodium carbonate and is there- 
fore not an acid ; it dissolves, however, readily in caustic potash, yielding 


* This substance was first prepared by Gilbody and Perkin in 1899 (Proc., 15, 27). 
It was stated at that time that it dissolves in alkalis, yielding an intense purple 
solution, and on warming that decomposition sets in with the production of 
p-methoxysalicylie acid and two neutral substances which melt at 118° and 206° 
respectively. Since the nitro-compound did not give the usual qualitative test for 
nitrogen, it was at first thought that it did not contain this element ; subsequent 
quantitative experiments, however, demonstrated the presence of nitrogen. This 
same nitro-compound has quite recently been prepared by Bollina, Kostauecki, and 
Tambor (Ber., 1902, 35, 1676), who also confirm the above statement as to its 
behaviour with alkalis. 
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a most intense violet solution which, on standing, gradually loses this 
colour, becomes brown, and deposits an amorphous, drab-coloured pre- 
cipitate. 

The precipitate consists of two substances melting at 118° and 205° 
respectively, and of these the former has the composition C,H,,0,N. 
Since it contains, besides the nitro-group, two methoxy-groups, it must 
have the formula NO,°C,;H,Me(OMe),, and there can be no doubt that 
this substance is identical with the mnitrodimethylhomocatechol 


(m.p. 117°), 


which H. Cousin (Ann. Chim. Phys., 1898, [ vii], 13, 480), first prepared 
by the direct nitration and subsequent methylation of homocatechol. 
The substance of melting point 205° gives numbers closely agreeing 
with those required for the formula (C,H,,0,N),, and it is therefore 
possibly derived from two molecules of nitrodimethylhomocatechol by 
the removal of two atoms of hydrogen ; that is to say, its constitution 
is possibly 
MeO NO, OMe 

OMe * 


fo 
Mel jon} —cH | 
2 N\/ 


The brown alkaline filtrate from these two substances contains, be- 
sides tarry matters, large quantities of p-methoxysalicylic acid, 


Meo/ NOH 
x from 

Phenylhydrazine very readily reacts with nitrohydroxydihydrotri- 
methylbrazilone even at the ordinary temperature and in aceticacid solu- 
tion yielding a yellowish-red crystalline, substance of the probable 
formula C,,H,,O,N,, together with small quantities of p-methoxy- 
salicylic acid, the latter being apparently formed in a secondary reaction. 
This decomposition was so remarkable and the composition of the 
resulting product so complex that the reaction was repeated with 
p-bromophenylhydrazine, but with the same result, except, of course, 
that the nitrogen compound contained bromine and had the formula 
C,,H.,0,N,Bro. 

The author is engaged in the further investigation of this product 
of the action of phenylhydrazine on the nitro-compound and prefers, 
for the present, not to speculate as to its constitution. It is, in the 
first place, difficult to be quite certain of the number of carbon and 
hydrogen atoms in a substance of such complicated composition, 
and, secondly, it has not yet been found possible to remove the phenyl- 
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hydrazine residues and isolate and examine the parent substance. It 
has, however, been impossible to overlook the great similarity of its 
_ properties and those of nitro-opianylphenylhydrazide first described by 
Liebermann (Ber.; 1886, 16, 765), which the author again prepared for 
direct comparison, and it seems likely that the substance described 
above belongs to this class. In a recent number of the Proceedings, the 
author suggested that the formula 


Me0/ my cH, N0,/ 
LA ((OH)-CH,- OMe’ 
CO-O 


or some formula closely allied to it, may possibly represent nitro- 
hydroxydihydrotrimethylbrazilone, and he wishes to reserve the dis- 
cussion of this formula until the further experiments, on which he is 
at present engaged, are completed. 


EXPERIMENTAL 
Dimethoxycarboxybenzoylformic Acid, CO,H:CO-C,H,(OMe),*CO,H. 


The details of the method employed in oxidising trimethylbrazilin 
with permanganate are given in Part I of this research (Trans., 
1901, '79, 1404), and an ethereal extract is there described (p. 1405), 
from which, on standing, practically the whole of the m-hemipinic 
acid and 2-carboxy-5-methoxyphenoxyacetic acid had crystallised out. 

The ethereal mother liquors of these acids, collected from a great 
number of operations, were evaporated, when a brown oil was 
deposited, which, on standing, became semi-solid. The whole was 
dissolved in water, made alkaline with ammonia, calcium chloride 
added, and heated on the water-bath, when a large quantity of a 
sparingly soluble calcium salt separated. This was collected on the 
pump, washed with water, and dissolved in a small quantity of con- 
centrated hydrochloric acid, when, on standing overnight, the whole 
went nearly solid owing to the separation of a sandy, crystalline pre- 
cipitate. After collecting on the pump and washing with a little 
hydrochloric acid, the mass was almost free from inorganic matter 
and weighed 30 grams (from about 3 kilos, of trimethylbrazilin). On 
erystallising the substance from water, it was readily separated into a 
very sparingly soluble acid melting at 214° (see p. 1028), and into 
readily soluble hard, brownish prisms. The latter, which were first 
examined, were left on a porous plate exposed to the air until dry. 
These ‘érystals melt in the water-oven to a gummy mass which 
gradually becomes hard again, and if the melting point is now taken 
it is found to be 150°. 
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As stated in the introduction, this acid has, after careful investiga- 
tion, been shown to be dimethoxycarboxybenzoylformic acid. 
The analysis of the air-dried crystals gave the following results: 


0°1505 gave 0°2511 CO, and 0°0651 H,O. C=45°6; H=4°. 
01649 ,, 0274 CO, ,, 00715 H,0O. C=45'7; H=4°8. 
C,,H,,0,,2H,O requires C= 45°5 ; H=4°8 per cent, 


A weighed quantity of the same specimen was heated at 100°, 
when it did not become constant in weight until after about 10 
hours ; 


0°4021 lost 0:0479 H,O. H,O=11°9. 
C,,H,,0,,2H,O requires H,O =12'3 per cent. 


On standing in the air, the hydrated crystals very slowly give up 
some of their water, as is shown by the fact that, after 3 weeks, the 
loss at 100° was only 10°9 per cent. The substance, dried at 100°, 
gave, on analysis, the following results : 


0°1516 gave 0°2836 CO, and 0:0591 H,O, C=51:0; H=433. 
01364 ,, 0256700, ,, 0°0504 H,O. C=513; H=4:1, 
C,,H,,0, requires C=52°0; H=3°9 per cent. 


Dimethoxycarboxybenzoylformic acid crystallises, therefore, with 
2 mols. of water, both of which are driven off at 100°. 

Since, however, one of the mols. of water is very much more easily 
driven off than the other, it is probable that 1H,O is chemically 
bound, as expressed by the formula CO,H*C(OH),°C,H,(OMe),*CO,H. 
As is well known, glyoxylic acid itself shows a similar behaviour. 
When dimethoxycarboxybenzoylformic acid is mixed with concen- 
trated sulphuric acid, it dissolves, forming a yellow solution which, 
on standing, becomes an intense brownish-orange; on heating this 
solution on the water-bath, a gas (probably carbon monoxide) is given 
off and the solution becomes nearly colourless, 

If the finely powdered acid is mixed with benzene and a trace of 
thiophen and then shaken with half its volume of sulphuric acid, the 
latter first becomes reddish-brown, the benzene acquiring a sage-green 
colour, After a time, the sulphuric acid becomes intense olive-green, 
and on cautiously diluting with water, the colour becomes a brighter 
green, then a dark green powder is precipitated, which, on the addi- 
tion of acetone, dissolves, forming a bright malachite-green solution. 
This reaction is similar to that shown by phenylglyoxylic acid (Claisen, 
Ber., 1879, 12, 1505). 

Salts of Dimethoxycarboxybenzoylformic Acid,—In order to determine 
the basicity of the acid, 0°3513 gram of the anhydrous acid was dis- 
solved in water and titrated with decinormal soda, when it required 
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for neutralisation 0°1096 gram NaOH ; an acid, C,,H,,0,, if dibasic, 
should have neutralised 0°1107 gram NaOH. 

The silver salt, C,,H,O,Ag., was obtained, on adding silver nitrate 
to a slightly alkaline solution of the ammonium salt, as a fine powder, 
like barium sulphate in appearance, and, like this, it readily passes 
through the paper. It is very sparingly soluble in, and does not de- 
compose on boiling with, water. On analysis : 


0°2448 gave 0°2522 CO,, 0:0422 H,O, and 0:1132 Ag. C=281; 
H=19; Ag=46:2. 
C,,H,0,Ag, requires C= 28'°2; H=1'7; Ag=46°2 per cent. 


This analysis shows that the silver salt is derived from an acid of 
the formula CO,H-CO-C,H,(OMe),*CO,H, and not from the hydrated 
formula given above. A neutral solution of the ammonium salt of 
the acid behaves with reagents as follows. 

Calcium chloride gives no precipitate in the cold, but on boiling a 
sparingly soluble crystalline calcium salt separates at once. Bariwm 
chloride gives a white, gelatinous precipitate in the cold. Copper sul- 
phate does not give a precipitate. 

Action of Hydroxylamine on the Acid.i—Very curious results were 
obtained on attempting to prepare the oxime of theacid. Two grams 
of the acid were dissolved in water, mixed with a solution of 4 grams 
of caustic potash, and then 2 grams of hydroxylamine hydrochloride 
added and the whole allowed to stand overnight. On acidifying, 
nothing separated, and it was found necessary to shake at least twenty 
times with fresh quantities of ether in order to extract the product. 
The ethereal solution was dried over calcium chloride and evaporated 
to a small bulk, when a crystalline precipitate separated which was 
very sparingly soluble in ether and, under the microscope, was seen to 
consist of warty masses. On analysis: 


0:1576 gave 0:2958 CO, and 0:0650 H,O. C=51:2; H=4'5. 
01860 ,, 5:3c.c. nitrogen at 205° and 751mm. N=3°2. 


The normal oxime would have the formula C,,H,,0,N, which re- 
quires C = 49-1, H = 4:1, N = 5:2 per cent., and it is evident that the num- 
bers obtained do not at all agree with those required for this formula. 

The substance was now dissolved in excess of potash and treated 
with a large excess of hydroxylamine; it was again extracted as 


before and twice recrystallised from ether. A nitrogen determination 
was made : 


0°1118 gave 3 c.c. nitrogen at 16° and 753mm. N=3°'1. 


It was then found that the substance crystallised beautifully from 
water in slender needles, which shrink together at about 178° without 
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melting and then decompose, with evolution of gas, between 210°and 220°. 
After twice crystallising the substance from water, the following 
results were obtained on analysis : 


0:1527 gave 0:2899 CO, and 0°0684 H,O. C=518; H=4°9. 
0°2500 ,, 68c.c. nitrogen at 17°4°and 765 mm. N=3'l. 


These results agree fairly closely with those first obtained, and it is 
difficult to understand what this well-characterised substance can 
be. A molecular compound of the oxime and the unchanged acid 
C,,H,,0,N,C,,H,,0, requires C=52°2; H=3'7; N=2°8 per cent. 

When a solution of the acid in water is mixed with excess of semi- 
carbazide acetate, a crystalline substance soon begins to separate in 
balls of needles ; these become soft at 255° and decompose at 262—265°, 
but the amount of substance was not sufficient for further investigation. 


Action of Heat on Dimethoxycarboxybenzoylformice Acid, 


Formation of Metahemipinic Acid, (CO,H),C,H,(OMe),.—When about 
0:2 gram of the acid is heated in a test-tube in a metal bath at 
200—205°, a gas partly consisting of carbon dioxide is evolved, and as 
soon as the evolution has ceased, the residue, on cooling, sets to a 
brown resin which, when boiled with water, becomes crystalline but 
does not dissolve, The precipitate was collected, dissolved in boiling 
methy! alcoholic potash, the solution evaporated until free from methyl 
alcohol, and acidified, when a small quantity of a crystalline substance 
separated which crystallised from dilute acetic acid in needles and 
melted at 212° with decomposition. 

This acid is probably m-opianic acid, CHO-C,H,(OMe),°CO,H, but, 
unfortunately, the yield was so small that it was not possible to 
analyse or examine it any further. In the hope that the decomposition 
would proceed more satisfactorily in aqueous solution, the remainder 
of the acid (2 grams) was dissolved in 20 c.c. of water and heated in 
a sealed tube at 200° for 1 hour. The very voluminous mass of needles 
which separated on cooling was collected, the mother liquor again 
heated at 200°, when a further quantity of crystals was obtained, and 
this operation was continued until no more crystals were formed. 

The combined crops of crystals were then crystallised from acetic 
acid, from which the new substance separated in needles melting above 
260°. On analysis : 


0°1235 gave 02828 CO, and 0°0513 H,O. C=625; H=46. 
C,.H,,0, requires C= 62°5 ; H=4:2 per cent. 


This substance is practically insoluble in water, but dissolves in 
sodium carbonate, and, on acidifying, separates as a curious, gelatinous 
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mass which is insoluble in water and remains gelatinous even after 
boiling. 

Titration with decinormal caustic soda yielded results which point 
to the acid being a monobasic lactone acid of the formula C,.H,,0,. 
Thus 0°1488 gram of the acid required 00162 gram NaOH for neutral- 
isation, whereas this quantity of a monobasic ‘acid, C,)H,,0,, requires 
0°0155 gram NaOH. 

On adding excess of soda, boiling, and then titrating back with acid, 
it was found that 0°0328 gram NaOH had been neutralised; this 
points to the acid having become dibasic, in which case the amount 
neutralised should have been 0:0318 gram NaOH. This acid is very 
probably formed from 2 mols. of m-opianic acid by the elimination of 
2 mols. of water, thus: 


2CHO-C,H,(OMe),"CO,H = C,.H,,0, + 2H,0, 
but in what way this condensation takes place there is no evidence to 
show. 

The aqueous mother liquors from this very sparingly soluble conden- 
sation product were repeatedly extracted with ether, when the ethereal 
solution, after drying over calcium chloride and evaporating to a small 
bulk, deposited on standing a crystalline crust which melted at 188° 
and consisted of nearly pure m-hemipinic acid : 


0°1283 gave 0-252 CO, and 00517 H,O. C=53:1; H=4-4. 
C,)H, 0, requires C = 53:5 ; H=4°4 per cent. 


The amount of m-hemipinic acid obtained in this way was considerably 
more than that of the condensation product described above. 


CO,H-CH 


Me 


Lactone of Dimethoxycarboxymandelic Acid, O OMe’ 


CO 


This lactonic acid is produced by the reduction of dimethoxycarboxy- 
benzoylformic acid with sodium amalgam. 

The acid was dissolved in water, neutralised with sodium carbonate, 
and the solution reduced in the ordinary way with a large excess of 
sodium amalgam, added in small quantities at atime. As the reduc- 
tion product was not precipitated on acidifying, the whole was saturated 
with ammonium sulphate and extracted 20 times with ether, the 
ethereal solution, after drying over calcium chloride, was then evapor- 
ated toa small bulk when, on standing, a colourless, crystalline acid 
separated. The crystals were collected on the pump, washed with ether, 
and analysed : 
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0:1597 gave 03245 CO, and 00616 H,O, C=55:4; H=4:3. 
C,,H,,0, requires C=55:4 ; H=4:2 per cent. 


The lactone of dimethoaycarboxymandelic acid melts at about 207° 
with decomposition and is very sparingly soluble in dry ether ; it dis- 
solves readily in hot water and separates on cooling in stellate groups ; 
when heated a few degrees above its melting point, it decomposes 
rapidly into carbon dioxide and m-meconine (see next section). The 
lactone showed the following behaviour on titration with decinormal 
sodium hydroxide. The solution of 0°0949 gram in water required for 
neutralisation 0°0160 gram NaOH, but when boiled with excess of soda 
and then titrated back it was found that 0°032 NaOH had been neu- 
tralised. The amount taken of a monobasic acid should neutralise 
0015 gram, and on becoming dibasic 0°03 gram NaOH. 

This experiment shows therefore that the substance is a monobasic 
lactonic acid. 


m-Meconine, O 


It has already been mentioned that the lactone of dimethoxycarb- 
oxymandelic acid, when heated above its melting point, is decomposed 
into carbon dioxide and m-meconine. In carrying out this decomposi- 
tion, it is only necessary to heat the lactonic acid at 210—220° until the 
evolution of carbon dioxide has ceased, and then to dissolve the residue 
in a little boiling alcohol. The solution, on cooling, deposits needle- 
shaped crystals, which after recrystallising from the same solvent, are 
obtained quite colourless and consist of pure m-meconine. On analysis : 


0°1556 gave 0°3530 CO, and 0°0735 H,O. C=61'8; H=5-2, 
C,)H,,0, requires C=61°8; H=5:l per cent. 


m-Meconine melts at 155—156° and is almost insoluble in cold water ; 
it dissolves, however, in much boiling water and separates, on cooling, 
in woolly needles ; it is also sparingly soluble in ether, from which it 
cerystallises in prismatic needles. 

Cold dilute potash does not dissolve m-meconine, but on warming it 
rapidly passes into solution, evidently in the form of the potassium salt 
of the corresponding m-meconinic acid, CH,(OH)*C,H,(OMe),°CO,H. 
When the solution is cooled well and acidified, needle-shaped crystals 
soon separate, which at first are soluble in sodium carbonate and 
therefore consist of the free acid ; on standing, but much more rapidly 
on warming, the crystals become insoluble in dilute alkali, water 
having been eliminated with re-formation of the lactone. m-Meconine 


‘ 
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dissolves in hot dilute ammonia, but on evaporation the solution loses 
ammonia and the lactone is again deposited. 

Oxidation of m-Meconine to m-Hemipinie Acid.—The solution of m- 
meconine in dilute potash is only very slowly attacked by permangan- 
ate in the cold, but on warming on the water-bath oxidation takes 
place fairly readily. 

In investigating this oxidation, 0°5 gram of m-meconine was dis- 
solved in potash, the solution heated on the water-bath, and perman- 
ganate added until the colour remained permanent. After destroying 
the excess of permanganate by adding sodium sulphite, the whole was 
filtered, and the filtrate and washings of the manganese precipitate 
were evaporated to a small bulk. When the alkaline solution was 
acidified with hydrochloric acid, nothing separated at first, but on 
standing, a mass of needles crystallised out ; these were collected and 
purified by recrystallisation from water. The needle-shaped crystals 
thus obtained melted at 194° with decomposition and gave on analysis 
the following result : 


0°1551 gave 0°3033 CO, and 0:0603 H,O. C=53:3; H=4°3. 
C,,H,,0, requires C=53'1 ; H=4°4 per cent. 

That this was m-hemipinic acid was proved by converting it into 
the characteristic ethylimide which melted at 230° (compare Trans., 
1901, ‘79, 1406). 

The yield of m-hemipinic acid obtained by oxidising m-meconine 
with permanganate is probably almost a quantitative one. An experi- 
ment on the oxidation of m-meconine with manganese dioxide and 
sulphuric acid was tried in the hope of obtaining the corresponding 
m-opianic acid, but without result, most of the m-meconine being re- 
covered unchanged even after long boiling with the oxidising agent. 
This is rather remarkable, as this method works well in converting 
ordinary meconine into opianic acid. 


Dimethoxycarboxybenzylformic Acid, CO,H-CH,*C,H,(OMe),°CO,H. 
This acid is obtained, together with dimethoxycarboxybenzoylformic 
acid, by the process given on p. 1022, and as it is very sparingly solu- 
ble itis readily separated from the latter by crystallisation from water. 
After twice recrystallising, the colourless, needle-shaped crystals 


softened at about 205° and melted at 214° with vigorous decomposi- 
tion. On analysis: 


0°1501 gave 0:3021 CO, and 00689 H,O. C=54:9; H=5:l. 
01208 ,, 0:2419CO, ,, 0°0552H,O. C=547; H=5'l. 
C,,H,,0, requires C=55°0; H=5-0 per cent. 


Dimethoxycarboxybenzylformic acid is very readily soluble in hot 
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water and separates almost completely on cooling in silky needles ; it 
dissolves readily in alcohol, and the alcoholic solution gives, on the 
addition of ferric chloride, a rather intense orange-yellow coloration. 
That the acid is dibasic was shown by the results obtained on the titra- 
tion with decinormal caustic soda, when 0°1711 gram required for 
neutralisation 0°058 gram NaOH, whereas this amount of a dibasic 
acid, C,,H,,0,, should neutralise 0°057 gram NaOH. 

When fused with potash,the acid gives a clear, almost colourless 
mass, which, on acidifying and extracting with ether, yields a colour- 
less syrup ; this dissolves readily in water and gives with ferric chlor- 
ide an intense green, turning to violet and then to red on the addition 
of sodium bicarbonate. This proves that the acid is a derivative of 
the catechol nucleus of brazilin. 

Unfortunately, the amount of this new acid which is formed under 
the conditions of oxidation employed, is exceedingly small (about 1°3 
grams from 3 kilos. of trimethylbrazilin); it has therefore been 
impossible to investigate its behaviour on oxidation or in many other 
interesting directions. 


Acid of Melting Point 216° (Resorcyl Derivative) from the Oxidation 
of Trimethylbrazilin with Permanganate; probably Methoxycarb- 
oxyphenoxylactic Acid, MeO-C,H,(CO,H)-O-CH,*CH(OH)-CO,H. 


When the mother liquors of the calcium salt of dimethoxycarboxy- 
benzoylformic acid (p. 1022) are evaporated, a further considerable 
quantity of a calcium salt separates ; this was collected, washed with 
water, and dissolved in dilute hydrochloric acid, when, on cooling, a 
mass of brownish crystals separated which melted at about 208°, and 
even after repeated recrystallisation from water with the aid of animal 
charcoal were still very dark coloured. From acetic acid, however, 
the substance separated in satiny crystals which, after washing with 
acetic acid, were almost colourless, and when rapidly heated softened 
at 208° and melted at 216°. The mother liquors (6) from the calcium 
salt were acidified and extracted repeatedly with ether, the ethereal 
solution dried over calcium chloride, and evaporated, when a syrupy 
residue was obtained which, after standing for some weeks, became 
semi-solid. In contact with porous porcelain, the oily impurity was 
rapidly absorbed, and the residue, dissolved in a little hot water and 
neutralised with sodium carbonate, gave, on standing, a mass of 
crystals of the sodium salt of brazilic acid. 

The sodium salt was recrystallised, decomposed with hydrochloric 
acid, and the brazilic acid recrystallised from water. It melted at 
129—130° and gave on analysis : 
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0°1146 gave 0:2402 CO, and 0°0504 H,O. C=57:1; H=4°9. 
C,.H,,0, requires C=57-'2 ; H=4°8 per cent. 


The amount of this acid obtained from these mother liquors was 
rather more than 3 grams from 3 kilos. of trimethylbrazilin. 

Examination of the acid melting at 216°.—This acid gave on analysis 
the following numbers :— 


0°1368 gave 0°2606 CO, and 00514 H,O, C=51:9; H=4'l. - 

071232 ,, 0°2345 CO, ,, 00455 H,O. C=520; H=4'1. 
C,,H,,0, requires C=52°0; H=3°9 per cent. 

It is very sparingly soluble in water but dissolves readily in alcohol 


or hot glacial acetic acid; it is, however, only sparingly soluble in 
acetic acid in the cold. The solution in dilute alcohol gives 


no coloration wth ferric chloride. When heated at 220—225°, the - 


acid decomposes with evolution of carbon dioxide, and a small quantity 
of a crystalline substance sublimes; the residue which solidifies smells 
very strongly of coumarin and crystallises from water, but owing to 
lack of material this interesting substance could not be further investi- 
gated. When fused with potash, the acid of melting point 216° yields 
a slightly brownish product, and on acidifying, extracting with ether, 
and evaporating off the ether, a syrup is left which, when dissolved 
in water, gives with ferric chloride an intense violet coloration, showing 
that the acid is derived from the resorcyl nucleus in brazilin. 

That the acid melting at 216° is dibasic was shown first by titration 
with decinormal caustic soda, when 0°0487 gram required for neutral- 
isation 0°0158 gram NaOH ; whereas the amount taken of a dibasic 
acid, C,,H,,0,, should neutralise 0°0153 gram NaOH. 

In order further to control the formula of the substance, the re- 
mainder of the acid was converted into the silver salt, C,,H,O,Ag., 
which was obtained as a white, gelatinous precipitate on adding silver 
nitrate to a slightly alkaline solution of the ammonium salt. On 
analysis : 

0°2312 gave 0°2390 CO,, 0:0399 H,O, and 01064 Ag. C=28-2; 

H=1°9; Ag=46°0. 
C,,H,0,Ag, requires C=28'2; H=1'7; Ag=46'l per cent. 
As explained in the introduction (p. 1014), it is probable that this 


substance is methoxycarboxyphenoxylactic acid, and is very possibly 
produced by the oxidation of brazilic acid. 


Brazilinie Acid, (OMe),C,,H,O(CO,H),*CHO. 


This acid has already been briefly described in Section I of this research 
(Trans., 1901, '79, 1401), and two analyses were given which clearly 
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point to the formula C,,H,,0,. This formula has since been confirmed 
by the analysis of a number of salts and other derivatives of the acid- 
Indeed the great importance of this acid, due to the fact that it con- 
tains the same number of carbon atoms as the trimethylbrazilin from 
which it is obtained by oxidation, has led to its being most carefully 
investigated. 

Brazilinic acid melts at 208—210° and is readily soluble in hot 
alcohol or acetic acid, but only sparingly so in chloroform or benzene 
and almost insoluble in cold water. It dissolves slightly in boiling 
water and separates on standing in warty masses; it is most con- 
veniently recrystallised from glacial acetic acid. It dissolves readily 
in ammonia or sodium carbonate and when precipitated from solutions 
of its salts, it always separates as a sticky mass, which gradually 
hardens, especially if kneaded with cold water. 

Salts of Brazilinic Acid.—That this acid is dibasic was first shown 
by titration with decinormal sodium hydroxide, when 0°237 gram re- 
quired for neutralisation 0°0497 gram NaOH, whereas this amount of 
a dibasic acid should neutralise 0°0486 gram NaOH. 

Potassium Salt, C,,H,,O,K,.—This salt is easily prepared by 
adding a filtered solution of alcoholic potash to a solution of the acid 
in absolute alcohol. The salt, which rapidly separates in a crystalline 
form, is collected on the pump, washed with alcohol, and dried at 100°. 
On analysis : 


0°3077 gave 0°1121 K,SO, K=16-4 
C,,H,,0,K, requires K = 16°7 per cent. 


This salt is readily soluble in water and is decomposed by hydro- 
chloric acid, but apparently not by acetic acid, yielding a white, oily 
precipitate which soon becomes sticky and, in contact with water, 
quite hard ; after drying on a porous plate it melted at 208°, the melt- 
ing point of brazilinic acid. 

The silver salt, C,,H,,0O,Ag,, was obtained as a white, amorphous 
precipitate on adding silver nitrate to a warm, dilute, slightly alkaline 
solution of the ammonium salt. Two different specimens gave on 
analysis the following results : 


0°2639 gave 0°3576 CO,, 0°0607 H,O, and 0°0932 Ag. C=37+0; 
H=2°5; Ag=35-2 
0:2313 gave 0°3139 CO,, 0°0556 H,O, and 0:0798 Ag. C=373; 
H=2°7; Ag=35°7. 
C,,H,,0,Ag, requires C=37'7; H=26; Ag=35°7 per cent. 
A slightly alkaline solution of the ammonium salt of brazilinic acid 


showed the following behaviour with reagents. 
Barium chloride gave no precipitate in the cold, but on boiling a spar- 
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ingly soluble crystalline barium salt ; caleiwm chloride or zine sulphate, 
no precipitate ; copper sulphate, a pale green, and lead acetate, a white, 
amorphous precipitate. 

Methyl Brazilinate, C,,H,,0,(CO,*CH,)..—This ester is very readily 
prepared by boiling brazilinic acid with methyl alcohol and a little 
sulphuric acid for two hours and then allowing the product to stand 
overnight. A considerable quantity of the methyl ester will then 
have crystallised out and the rest may be precipitated by adding 
water. The solid is collected, washed with dilute sodium carbonate, 
and purified by recrystallisation from methyl alcohol, from which it 
separates in glistening prisms. On analysis: 


0°2003 gave 0°4437 CO, and 0°0941 H,O. C=60°4; H=5-2. 
01877 ,, 04160 CO, ,, 0°0886 H,O. C=60-4; H=5:3. 
C,,H,,0, requires C= 60°3 ; H=5°3 per cent. 


This methyl ester melts at 117° and is readily soluble in hot methyl 
alcohol, acetic acid, or benzene, but only sparingly so in cold methyl 
alcohol or light petroleum. It dissolves in sulphuric acid with a 
yellow colour which, on standing, becomes orange. The same methyl 
ester is obtained when brazilinic acid is heated in a sealed tube with 
sodium methoxide and methyl iodide at 150° for two hours. 

Behaviour of Brazilinie Acid with Reagents.—Brazilinic acid is a satur- 
ated acid, as is shown by the fact that its solution in cold dilute 
sodium carbonate does not decolorise permanganate except on long 
standing ; prolonged contact with the oxidising agent converts it into 
hemipinic and oxalic acids, as explained on p. 1033. 

Brazilinic acid is coloured an intense orange-red by sulphuric acid 
and then dissolves, producing an orange-red solution the colour of which 
remains for some days (compare the behaviour of the lactone of 
dihydrobrazilic acid under similar circumstances, p. 1039). 

Brazilinic acid is very readily acted on by nitric acid and dissolves 
in the strong acid with an intense red colour. If the finely-powdered 
acid is heated to boiling with dilute nitric acid (1 part of ordinary 
concentrated acid to 15 parts of water), it dissolves, forming a pale 
yellow solution from which a sparingly soluble crystalline substance 
separates during the boiling. This crystallises from acetic acid in 
pale yellow prisms which sinter at 230° and melt at 245—247°; it 
contains nitrogen and is, apparently, a nitro-acid, but it was not further 
investigated. 

Action of Phenylhydrazine and p-Bromophenylhydrazine.—When 
brazilinic acid dissolved in acetic acid, is mixed with an excess of 
freshly distilled phenylhydrazine, a violet-coloured solution is produced, 
and this, after standing for some hours, gives a resinous precipitate on 
adding water. If, after washing with water, this is dissolved in hot 
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methyl alcohol, the solution, on cooling, deposits a mass of needle- 
shaped crystals which, after recrystallising from methyl alcohol, melt 
at 227°. 

On analysis : 


0:2061 gave 10°5 cc. nitrogen at 20° and 755mm. N=5'8. 
C.;H,,O,N. requires N=5°8 ; C,,H,,.0,N, requires N =6°0 per cent. 


The first of these formule is that of the hydrazone of brazilic acid, a 
substance which would still be a dibasic acid; whereas the second 
formula is derived from the first by the elimination of water between 
the NH group of the phenylhydrazine residue and one of the carboxyl 
groups and would therefore represent a monobasic acid. In order to 
decide between these two formule, the substance was titrated with 
decinormal sodium hydroxide, when 0:1417 gram required for neutral- 
isation 0°0122 gram NaOH; this shows that the substance is a 
monobasic acid of the formula C,,H,.0,N,, as in this case the amount 
taken should have neutralised 0°0126 gram NaOH. The product of 
the action of phenylhydrazine on brazilinic acid is therefore anhydro- 
brazilinic acid phenylhydrazone. 

Exactly similar results were obtained in studying the action of 
p-bromophenylhydrazine on brazilinic acid. The substance produced 
crystallised from methyl alcohol as a felted mass of colourless needles, 
which melted at 180—182° with slight previous softening, and 
appeared partially to solidify again when heated at 200—210°. On 
analysis : 


0°1438 gave 6°8c.c, nitrogen at 17° and 750 mm. N=5r4, 
C,,H,,0O,N,Br requires N = 5:2 per cent. 


The titration of this substance gave the following results: 0°1311 
gram required for neutralisation 0:103 gram NaOH, whereas this 
amount of a monobasic acid of the formula C,,H,,0,N,Br would 
neutralise 0°0097 gram NaOH. This substance is therefore anhydro- 
brazilinic acid bromophenylhydrazone. 


Oxidation of Brazilinic Acid with Permanganate. Formation of 
m-Hemipinie Acid, (CO,H),C,H,(OMe),. 


The oxidation of brazilinic acid was carried out under a great variety 
of conditions, in the hope that it would be found possible to isolate the 
tribasic acid of the formula 
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which would result from the simple oxidation of the aldehyde 
group, but although there were frequently indications of the 
formation of an acid of this kind, it could never be isolated in a 
pure state. 

The principal products of the oxidation were always m-hemipinic 
acid and oxalic acid. In one experiment, brazilinic acid was dissolved 
in dilute sodium carbonate and oxidised with permanganate at about 
40° until the colour remained permanent on standing overnight, 
After removing the excess of permanganate by the addition of sodium 
sulphite, the filtrate and washings of the manganese precipitate were 
evaporated, acidified, and extracted repeatedly with ether. The 
ethereal solution was dried over calcium chloride and evaporated to a | 
small bulk, when, on standing, a crystalline crust separated and after 
recrystallising from water, hard, colourless crystals were obtained which | 
melted at about 190° and consisted of m-hemipinic acid. On analysis: } 


0'1603 gave 0°3112 CO, and 0°0648 H,O. C=52'9; H=4'5. . 
©,,H, 0, requires C=53'1 ; H=4°4 per cent. : 


The aqueous liquors which had been extracted with ether were 
evaporated to dryness and the residue extracted with ether ina 
Soxhlet apparatus, when on distilling off the ether quantities of 
oxalic acid were obtained together with traces of some other acid which 
could not be isolated in a pure condition. 
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Action of Fused Caustic Potash on Brazilinic Acid. 


In endeavouring to discover the constitution of this acid, one of the 
first decompositions investigated was the behaviour of the acid with 
fused potash. The acid (2 grams) was dissolved in caustic potash 
solution (containing 30 grams of KOH) and the solution evaporated in 
a silver crucible and gradually heated to 190—210°, at which tempera- 
ture it was kept for half an hour. On dissolving the dark brown 
product in water and acidifying, nothing separated ; the product was 
therefore extracted with ether, when on distilling off the ether a dark 
brown residue was obtained which was dissolved in much water and 
precipitated with lead acetate. The lead salt was decomposed with 
sulphuretted hydrogen in the usual way, when the filtrate from the 
lead sulphide, on evaporation to a small bulk, deposited yellow, 
crystalline crusts, which after crystallising from water acidified with 
acetic acid, to prevent oxidation, melted at about 250° with rapid - 
decomposition. On analysis: 


0°1916 gave 03917 CO, and 00670 H,O. C=55-7; H=3°9, 
QO211 ,, 0428800, , 00715 H,O. C=55:4; H=3°'8, 
C,,H,,0, requires C=55:2; H =3°4 per cent, 
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This substance, which may provisionally be called norbrazilinic acid, 
is sparingly soluble in water and its solution gives, with ferric chloride, 
an intense catechol reaction. Apparently the action of the potash has 
been simply to remove the methyl groups in brazilinic acid and to 
replace them by hydrogen, hence the catechol reaction, but the 
substance thus formed has, so far, not been further examined. 


Action of Alcoholic Potash on Brazilinie Acid. 


In studying this decomposition, powdered brazilinic acid (2 grams) 
is placed in a pressure tube with 20 c.c. of strong alcoholic potash and 
the tube sealed. It is then warmed in a water-bath and well shaken, 
when the contents become almost solid owing to the separation of the 
potassium salt. The tube is now heated at 155° for four hours, either 
in a rocking arrangement, or if this is not available, the iron box is 
tilted backwards and forwards from time to time, to ensure a perfect mix- 
ing, as, if this is not done, the result is frequently very unsatisfactory. 

On opening the tube, there is no pressure and the contents consist of 
a pale yellow liquid, all the solid having disappeared. The whole is 
mixed with water, evaporated until free from alcohol, when, if the 
operation has been successful, there will be no darkening, but if the 
temperature has been too high, the liquid becomes brown and 
ultimately black. On acidifying the solution, a sticky precipitate 
separates ; this is collected, boiled with 150 c.c. of water for 5 minutes, 
well ground up with dilute sodium carbonate (which dissolves about 
half) and filtered. 

The residue dissolves readily in methy] alcohol, and on cooling and 
stirring vigorously, a quantity of crystals separate ; these are collected . 
and recrystallised from the same solvent, when the substance is readily 
obtained pure in the form of colourless needles which melt at 141—142°. 
On analysis : 


0°1458 gave 0°3597 CO, and 0°0841 H,O. C=673; H=6°3. 
01788 ,, 0°4402CO, ,, 01030 H,O. C=672; H=6-4. 
C,,H,,0, requires C = 67°6 ; H=5:9 per cent. 


This substance, which is apparently derived from brazilinic acid 
simply by the elimination of 2 mols. of carbon dioxide, is readily 
soluble in hot methyl alcohol but only sparingly so in the cold; it 
dissolves readily in warm benzene, but is only sparingly soluble in 
light petroleum, and almost insoluble in water. 

It does not dissolve in sodium carbonate, even on boiling, or in aqueous 
potash, but dissolves in hot methyl alcoholic potash, and on adding 
water and boiling away the alcohol, it remains in solution and is not 
precipitated by passing carbon dioxide ; on acidifying with hydrochloric 
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acid, a white caseous precipitate is obtained. This, on warming with 
water, becomes crystalline and insoluble in potash ; it then melts at 
138° and is identical with the original substance. It dissolves in 
sulphuric acid, yielding an intense orange solution, and is coloured 
orange-red by hydrobromic or nitric acids and as these reactions are 
exactly the same as those shown by brazilinic acid under the same 
conditions, it seems probable that the two substances are similarly 
constituted, and that the heating with alcoholic potash has not brought 
about any fundamental change in structure. That the substance of 
melting point 142° should exhibit the properties of a lactone is very 
remarkable and requires further investigation. The aqueous sodium 
carbonate filtrate obtained in the purification of this substance (see 
above) yields on acidifying an amorphous acid, which after drying on a 
porous tile resembles powdered chalk; it has not yet been sufficiently 
investigated. 


Action of Bromine and Potash on Brazilinie Acid. 


When a strong solution of the potassium salt of brazilinic acid is 
mixed with a strong solution of potassium hypobromite coloured with 
bromine, a very sparingly soluble potassium salt gradually separates. 
This was collected, recrystallised from water, and decomposed by 


hydrochloric acid, when a colourless, crystalline acid was obtained 
which crystallised from acetic acid in needles and melted at 170°. 
On analysis : 


0°17 gave 0°20 CO, and 00384 H,O. C=32'1; H=2°5. 
0°2053 gave 0:2241 AgBr. Br=46°5. 
C,,H,,0,Br, requires C = 32°3; H=2°0; Br=45°3 per cent. 
The potassium salt mentioned above gave on analysis the following 
result : 


0°4376 gave 0:0946 K,SO,. K=9°6. 
C,,H,,0,Br,K, requires K =9°9 per cent. 


From these results, it would appear that the substance of melting 
point 170° is tetrabromobrazilinic acid, substitution without oxidation 
having taken place under the conditions mentioned above. In another 
experiment, a small quantity of a different substance was obtained 
which melted at about 182° and on analysis gave numbers agreeing 
approximately with those required for dibromobrazilinic acid : 


0°1829 gave 0°2775 CO, and 0°0544 H,O. C=414; H=3°3. 
C,,H,,0,Br, requires C= 41°6; H=2°9 per cent. 
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Hydrate of Brazilinic Acid, (OMe),C,,H,0(CO,H),CH(OH),. 


In the preparation of brazilinic acid by the method given in a 
previous paper (Trans., 1901, '79, 1410), the acid is usually obtained 
at once in the form of crystals melting at 208—210°. 

On two occasions, however, while apparently working under the 
same conditions, the acid was seen to have an unusual appearance 
and on crystallising it from methyl alcohol, hard, pale yellow, prismatic 
crystals were obtained which were quite different from the crystals 
of brazilinic acid. The analysis of the two specimens confirmed this 
difference and showed that the substance is monohydrated brazilinic 
acid : ; 

0:2166 gave 0°4426 CO, and 0°0984 H,O. C=55°'7; H=5°0. 

01539 ,, 03151 CO, ,, 0°0690 H,O. C=558; H=5°0. 

©, 5H 0,9 requires C=55°9; H=4°9. 

The hydrate of brazilinic acid may be dried at 100° without 
losing water; it melts at 130° with vigorous effervescence, then 
solidifies again, and if further heated the melting point is 205—208°, 
the melting point of brazilinic acid. If the hydrate is ground to a 
fine paste with a little water and then boiled with dilute sulphuric 
acid, the substance changes in appearance and becomes converted 
into a mass of fine needles which melt at 208° and consist of brazilinic 
acid, On analysis : 


0°1217 gave 0:2605 CO, and 0:0506 H,O. C=584; H=4°6. 
C,,H,,0, requires C=58°5 ; H=4°6 per cent. 


The basicity of the hydrate was first determined by titration with 

decinormal caustic soda, when 0°2741 gram required for neutralisation 
0:056 gram NaOH, whereas this amount of a dibasic acid, C,,H,,0,,, 
should neutralise 0°054 gram NaOH. 
- The silver salt was prepared in the ordinary way by adding silver 
nitrate to a neutral solution of the ammonium salt; it is a white, 
gelatinous precipitate which, on warming, becomes crystalline and sandy 
and then gives numbers agreeing with those required for the silver 
salt of brazilinic acid: 

0:2489 gave 0°3432 CO,, 0°0617 H,O, and 00866 Ag. C=37-7; 

H=2°8; Ag=34°9. 
C,,H,,0,Ag, requires C=37-7; H=2°6; Ag=35°7 per cent. 
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Lactone of Dihydrobrazilinic Acid, (OMe),C,sH,0(C0,H)<52>0. 


This lactonic acid is very easily prepared by dissolving brazilinic 
acid in dilute caustic soda and treating the solution with excess of 3 
per cent. sodium amalgam, either in a flat dish or better in a porcelain 
beaker fitted with a mechanical stirrer and cooled by running water. 
On acidifying the solution, a white, amorphous precipitate, which is 
sometimes sticky at first but soon hardens, is thrown down; this is 
collected, washed well with water, and purified by recrystallisation from 
glacial acetic acid. 

It is thus obtained as a white, apparently amorphous powder, which, 
however, when examined under the microscope, is seen to consist of 
minute balls of needles. On analysis : 


0°1599 gave 0°3560 CO, and 0°0686 H,O. C=60'7; H=4'8. 
0°1533 ,, 0:3419CO, ,, 0°0662H,O. C=608; H=4'8. 
C,,H,,0, requires C=61:0; H=4'8 per cent. 


The lactone of dihydrobrazilinic acid melts at 227° and is very 
sparingly soluble in boiling water; if, however, the finely powdered 
substance is boiled with much water, the filtered solution, on 
cooling, deposits a small quantity of the acid as a crystalline powder 
with asatiny lustre. Itis sparingly soluble in cold glacial acetic acid, 
benzene, or light petroleum, but dissolves readily in hot acetic acid or 
hot alcohol. It is very stable to permanganate at the ordinary tempera- 
ture and is only very slowly oxidised even on boiling. 

That this substance is a monobasic lactonic acid is very clearly shown 
by its behaviour towards decinormal caustic soda. 0°2444 gram was 
dissolved in excess of soda in the cold and the excess estimated ; it was 
then found that 0°0332 gram NaOH had been neutralised ; a monobasic 
acid, C,,H,,O,,, would neutralise only 0°0261 gram NaOH ; obviously 
then, the lactone ring has undergone partial hydrolysis by treatment 
with cold dilute soda. 

A large excess of the sodium hydroxide was now added and the solu- 
tion boiled for 10 minutes, when on estimating the excess by decinormal 
sulphuric acid it was found that 0°0546 gram NaOH had been 
neutralised. If the amount of the lactonic acid taken had become 
dibasic it should neutralise 0:0520 gram NaOH. 

The silver salt, C,,H,,O,Ag, was prepared by adding silver nitrate to a 
neutral solution of the ammonium salt, and thus obtained as a white, 
amorphous precipitate which on analysis gave the following results : 

0°202 gave 0°3467 CO,, 0°0691 H,O, and 0:0446 Ag. C=46°8; 

H=3°8; Ag=22°0. 
C,,H,,O,Ag requires C=47°4; H=3°8; Ag=22°4 per cent, 
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The lactone of dihydrobrazilinic acid shows a very interesting be- 
haviour on treatment with sulphuric acid. When the finely divided 
acid is mixed with sulphuric acid, it dissolves, forming an intense car- 
mine solution ; on standing, the colour rapidly becomes paler and in a 
few minutes the liquid is only a light yellow. Brazilinic acid also 
dissolves in sulphuric acid, yielding a carmine solution, but the colour 
does not change even on long standing (see p. 1032). 

The light yellow solution of the lactonic acid in sulphuric acid 
deposited, after some days, a quantity of crystals, which, after draining 
on a porous tile, became quite white and were found to consist of a 
sulphuric acid compound, This substance, which is very soluble in water 
and is not decomposed by cold dilute sodium carbonate, is very probably 
a sulphate of the formula (OMe),C,,H,O(CO,H),*CH,°O-SO,°OH. + If 
the aqueous solution of this sulphate is heated in a sealed tube at 160° 
for 1 hour, it is decomposed, apparently quantitatively, into the lactonic 
acid and sulphuric acid. The regeneratd lactonic acid, after recrys- 
tallising from acetic acid, melted at 228° and gave on analysis : 


0°1445 gave 0°3216 CO, and 0°0688 H,O. C=60°7; H=5:3, 
C,,H,,0, requires C=61°0 ; H=4°8 per cent, 


Lactone of Dinitrodihydrobrazilinic Acid, 


(OMe),C,sH,0(NO,),(C0,H)<OM>0, 


When the pale yellow solution of the lactone of dihydrobrazilinic 
acid in sulphuric acid is warmed with nitric acid, nitration takes place 
with formation of the above substance. 

The lactone (0°2 gram) is dissolved in 3 c.c. of concentrated sul- 
phuric acid, and as soon as the solution has become nearly colourless an 
equal bulk of water is added. An amount of concentrated colourless 
nitric acid, equal to half the volume of the solution, is now poured in, 
when a sage-green liquid is produced which, when heated in boiling 
water for about 1 minute, deposits a quantity of a crystalline substance. 
The precipitate, which on cooling and adding waterincreases somewhat in 
bulk, is collected on the pump, washed well, and crystallised from 
glacial acetic acid, in which it is very sparingly soluble. The dinitro- 
compound is thus obtained in microscopic balls of needles; it is very 
sparingly soluble in water, but dissolyes readily in sodjum carbonate ; 
on heating, it decomposes with a puff and for this reason some difficulty 
was experienced jn carrying out the anglysis : 

0°1479 gave 0°2630 CO, and 0°0473 H,O. C=485; H=3°6. 

01755 ,, 9°7 c.c. nitrogen at 19°5 ont 763 mm. N= 6°3. 

C,,H,,0,,.N, requires O= 49:1; H=3:-4; N=6-0 per cent. 
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The solution of the lactone of dihydrobrazilinic acid in sulphuric 
acid is also readily acted on by bromine, giving at once a heavy, colour- 
less precipitate which crystallises well from acetic acid in prismatic 
needles ; it has not yet been further examined. 


In concluding this stage of this research, the author again wishes to 
state that much of the heavy expense entailed has been met by re- 
peated grants from the Government Grant Committee of the Royal 
Society. 


THE OWENS COLLEGE, 
MANCHESTER. 


CVI.—Brazilin and Hematoxylin. Part V. The 
Oxidation of Trimethylbrazlin with Chromic Acid. 


By A. W. Giugopy and W. H. Perk, jun. 


TRIMETHYLBRAZILONE, C,,H,O(OMe),(OH),, which was discovered by 
us in 1899 (Proc., 15, 27), was first obtained by oxidising trimethy]l- 
brazilin with potassium dichromate and sulphuric acid. Trimethy]- 
brazilin (5 grams) was ground into as fine a paste as possible with water, 


washed into a litre flask with 300 c.c. of water, and then 10 grams of 
sulphuric acid, mixed with 150 c.c. of water, added and the whole 
heated in a water-bath to about 70°. Potassium dichromate (7 grams 
dissolved in warm water) was then added in small quantities at a time, 
when oxidation took place rapidly, the process being complete in about 
2 hours. 

After filtering, the pale yellow residue was extracted with hot 
alcohol, which dissolved the trimethylbrazilone, leaving, as insoluble 
residue, a considerable quantity of a curious, amorphous, brownish- 
violet substance which closely resembled amorphous phosphorus in 
appearance. On concentrating the alcoholic solution and cooling, pure 
trimethylbrazilone separated in pale yellow prisms which, when rapidly 
heated, melted at 184—186° with decomposition. On analysis : 


0°1785 gave 0°4337 CO, and 0°0862 H,O. C=66:3; H=5-4. 
02319 ,, 05650CO, , 01096 H,O. C=66:4; H=5°3. 
C,,H,,0, requires C=66°6 ; H=5°3 per cent. 


As the yield by this process was never more than 40 per cent. of the 
trimethylbrazilin employed, and often much less, a long series of 
experiments was made with the object of improving the method of 
preparation, and it was then found that a much better result, giving an 
almost quantitative yield, was obtained under the following conditions. 
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Trimethylbrazilin (50 grams) is dissolved in hot glacial acetic acid 
(250 grams) cooled to 15° and then chromic acid (30 grams) dissolved 
ina little water added in small quantities at a time. This causes a 
red precipitate to separate at first, but when about half the chromic 
acid has been added this will have dissolved, forming a red-brown 
solution. After each addition of the acid, the temperature rises some- 
what, but is kept below 25° by cooling with water. Very shortly 
after the whole of the chromic acid has been added, crystallisation 
begins, and after standing 2 hours the whole is filtered on the pump 
and washed with acetic acid, when a pale yellow powder remains which 
weighs 35 grams and consists of nearly pure trimethylbrazilone, and 
in this form it melts at about 185° if rapidly heated. The mother 
liquor, diluted with water, deposits 15 grams of a less pure product, 
which, however, after extracting with a little hot alcohol, is pure 
enough for most purposes such as converting into acetylanhydrotri- 
methylbrazilone. The analysis of the trimethylbrazilone, made by this 
second process, gave the following results : 


0°1713 gave 0°4194 CO, and 0°0802 H,O. C=66'7; H=5°3. 
01293 ,, 03152C0O, ,, 00645 H,O. C=665; H=55. 
C,,H,,0, requires C=66°6 ; H=5°3 per cent. 


The melting point of the product obtained by either method, after 
careful recrystallisation from alcohol or acetic acid, was about 
184—187°, but after one or two crystallisations from benzene the 
melting point had fallen to 167° ; this is doubtless due to the conversion 
of a small quantity of the trimethylbrazilone into dehydrotrimethyl- 
brazilone, and is evidently the reason why Herzig (Monatsh., 1902, 28, 
172) gives the melting point as 160°, and Kostanecki and Lampe 
(Ber., 1902, 35, 1670) as 165°. 

Trimethylbrazilone is almost insoluble in water, alcohol, ether, ethyl 
acetate, benzene, chloroform, or glacial acetic acid at the ordinary tem- 
perature, but it dissolves, although not very readily, in alcohol, 
benzene, or glacial acetic acid on boiling. It is insoluble in sodium 
carbonate or in caustic potash solution in the cold, but the finely 
powdered substance dissolves in hot potash solution forming a yellow 
liquid from which acids, and even carbon dioxide, precipitate a white, ~ 
amorphous substance, which, after recrystallisation, melts at 197° and 
consists of anhydrotrimethylbrazilone. Herzig (Monatsh., 1901, 22, 
10) has investigated the action of potash on trimethylbrazilone quan- 
titatively and finds that 1 mol. is capable of neutralising exactly 
1 mol. of potassium hydroxide ; he also finds that the solution, when 
acidified, yields anhydrotrimethy]brazilone. 

That trimethylbrazilone still contains the three methoxy-groups of 
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the original trimethylbrazilin was proved by direct determination, 
which gave the following result : 


0°2527 gave 05368 AgI. MeO=28-0. 
C,,H,O,(OMe), requires MeO = 27:2 per cent. 


Examination of the Chromium Liquors from the Preparation of Tri- 
methylbrazilone. 


The aqueous chromium liquors from the oxidation of trimethy]- 
brazilin with potassium dichromate and sulphuric acid were saturated 
with ammonium sulphate and repeatedly extracted with ether. The 
ethereal solution was washed with water, dried over calcium chloride, 
and evaporated, when a considerable quantity of a thick, dark brown 
oil was obtained, which,on standing, partially solidified. The whole was 
boiled with much water and filtered (the black, insoluble, resinous resi- 
due being discarded), the filtrate was mixed with a large excess of 
lead acetate, allowed to stand until nearly cold, and the very volumin- 
ous red salt, which had settled out, collected on the pump and 
thoroughly washed. The filtrate from the lead salt was evaporated to 
a small bulk and extracted about twenty times with ether ; the ethereal 
solution was then washed until free from acetic acid, dried over calcium 
chloride, and concentrated. After standing for a few days,a consider- 
able quantity of a colourless, crystalline crust had separated ; this, after 
crystallisation from acetic acid, melted at 155—156° and consisted of 
m-meconine. On analysis: 


0°1245 gave 0:2821 CO, and 0°0586 H,O. C=61°8; H=5:2. 
C,,H,,0, requires C=61°8 ; H=5-l per cent. 


The substance was insoluble in sodium carbonate but soluble in 
caustic soda, and it showed all the properties of the m-meconine de- 
scribed in the previous paper (this vol. p. 1027). Moreover, an intimate 
mixture of both samples melted at 155°, and therefore there could be 
no doubt as to their identity. This formation of m-meconine by the 
direct oxidation of trimethylbrazilin is a matter of considerable 
importance. 

Examination of the Lead Salt.—The lead salt was ground up into a 
fine paste with much water and decomposed by sulphuretted hydrogen, 
first in the cold, and then on the water-bath. After filtering, the filtrate 
and washings of the lead sulphide were evaporated nearly to dryness, 
when a thick, brown syrup was left which after a time partially solidified. 
From this uninviting mass, by again treating with lead acetate and a 
subsequent tedious series of fractional crystallisations, three acids were 
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isolated in a pure condition melting at 215° with vigorous decomposi- 
tion, at 174°, and at 190° respectively. 

The first of these was found, on fusion with potash, to be derived 
from the resorcy] nucleus of brazilin, and is evidently identical with the - 
methoxycarboxyphenoxylactic acid described in the previous paper 
(this vol., p. 1030), but the quantity available was too small for 
analysis. 

The acid melting at 174° is 2-carboxy-5-methoxyphenoxyacetic acid, 


OMe/ \0-0H,-00,H 
for Reis 
an acid which has already been isolated from among the products of 
the oxidation of trimethylbrazilin with permanganate (Trans., 1901, 
79, 1407). On analysis: 


0°1417 gave 0:2740 CO, and 0°0578 H,O. C=52-'7; H=4°. 
C,,H,,0, requires C= 53:1; H=4°4 per cent. 


The acid melting at 190°, and which was obtained in the largest 
quantity, was easily identified as m-hemipinic acid. 

A specimen purified by repeated recrystallisation from water with 
the aid of animal charcoal, was analysed with the following results : 


0°1214 gave 0°237 CO, and 0:049 H,O. C=53:'2; H=4°5, 
C,,H,,0, requires C=53°1 ; H = 4°4 per cent. 


Anhydrotrimethylbrazilone, C,,H,O(OMe),*OH. 


When trimethylbrazilone is heated a few degrees above its melting 
point, it loses water and is converted into anhydrotrimethylbrazilone : 


C,,H,0,(OMe),*OH = C,,H,O(OMe),-OH + H,0. 


In carrying out this decomposition, trimethylbrazilone in quantities 
of about 0°5 gram is heated cautiously in a test-tube over a bunsen 
flame ; the substance first melts, then gives off aqueous vapour, and, on 
cooling, the residue sets to a dark coloured, transparent resin. This 
is dissolved in acetic acid, from which the new substance separatesin ~ 
small crystals, which, after repeated recrystallisation, become almost 
colourless. 

Another way of obtaining the anhydro-compound is to boil trimethyl 
brazilone with alcoholic potash, when it first dissolves and then soon 
begins to deposit crystals. After standing for some time and acidifying, 
these are collected and crystallised from acetic acid. 

The anhydrotrimethylbrazilone obtained by the above two methods 
gave on analysis the following results ; 
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I. 0:2069 gave 0°5331 CO, and 0:0896 H,O. C=703; H=4'8. 
If. 01451 ,, 0°3739C0O, ,, 00638 H,O. C=703; H=4°9. 
C,,H,,0, requires C= 70:4; H=4°9 per cent. 


The best method of preparing anhydrotrimethyl]brazilone is, however, 
by the hydrolysis of the acetyl compound described in the next section. 
The acetate (3 grams) is mixed with a solution of potash (2 grams) in 
methyl! alcohol (50 c.c.) and heated to boiling for 10 minutes on the 
water-bath, when the crystals soon dissolve, and if about half the 
methy! alcohol is then allowed to evaporate off over sulphuric acid ina 
vacuum desiccator, colourless, warty masses gradually separate which evi- 
dently consist of the potassiwm compound of anhydrotrimethylbrazilone, 
C,,H,,0,K. The separation does not take place nearly so well as in 
the case of the corresponding potassium compound of anhydrotetra- 
methylhzmatoxylone (this vol., p. 1063), owing to the latter potassium 
compound being much less soluble in methyl] alcohol than the former. 
The crystals were, however, collected on the pump, washed rapidly with 
methy] alcohol, and analysed, when results were obtained which agreed 
only approximately with those required for the potassium compound : 


0°4020 gave 01045 K,SO,, K=11°2. 
C,,H,,0; K requires K =10°7 per cent. 


This potassium compound becomes greenish when exposed to the 
air, and it is slowly decomposed by water, but much more rapidly by 
mineral acids, and even carbonic acid, with separation of anhydrotri- 
methylbrazilone. The pale green methyl alcoholic mother liquors 
of this potassium compound, on the addition of water, at first give no 
precipitate, but on standing, glistening crystals gradually separate. 
After about two hours, the crystals were collected, washed with water, 
and found to consist of pure anhydrotrimethylbrazilone, but only a 
small amount of the potassium salt had been decomposed, and on 
acidifying the filtrate a large further precipitate was obtained. 

In the actual preparation of anhydrotrimethylbrazilone, the product 
of the hydrolysis of the acetate is simply poured into excess of dilute 
hydrochloric acid and the precipitate recrystallised from acetic acid. 

Anhydrotrimethylbrazilone melts at 198° and is readily soluble in 
hot alcohol, from which it separates on cooling in slightly brownish- 
coloured, iridescent plates ; it is sparingly soluble in boiling benzene 
or light petroleum, and very readily so in acetone. It is insoluble in 
sodium carbonate and in ammonia, but dissolves appreciably in hot, 
strong potash solution evidently with formation of the salt described 
above. 
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Acetylanhydrotrimethylbrazilone, C,,H,O(OMe),*O°C,H,0. 


This substance, which was first obtained by Herzig (Monatsh., 1895, 
16, 913) by the oxidation of acetyltrimethylbrazilin, is readily pre- 
pared by heating trimethylbrazilone with acetic anhydride and sodium 
acetate, when elimination of water and acetylation take place at 
the same time. Trimethylbrazilone (10 grams) is heated with acetic 
anhydride (40 grams) and fused sodium acetate (5 grams) for one hour 
to boiling when, on cooling, a mass of crystals separates. The pro- 
duct is mixed with water and allowed to stand until the excess of 
acetic anhydride has been decomposed ; the crystals are then collected 
and recrystallised from acetic acid containing a little acetic anhydride 
or from benzene. Thus obtained, the substance melts at 174—175° as 
stated by Herzig. On analysis: 


02282 gave 0°5768 CO, and 0:099 H,O. C=68:9; H=4°9. 
C,,H,,0, requires C=68°8 ; H = 4:9 per cent. 


Acetylanhydrotrimethylbrazilone is readily soluble in acetic acid; 
benzene, or acetone, but only sparingly so in most other organic 
solvents in the cold. That it contains only one acetyl group was 
shown by boiling it with dilute sulphuric acid, distilling the product in 
steam, and estimating the acetic acid in the distillate with decinormal 
caustic soda, when 0°2092 gram yielded 0°0338 gram of acetic acid, or 
16°2 per cent. A substunce of the formula C,,H,,0,, containing one 
acetyl group, would yield 16-4 per cent. of acetic acid on hydrolysis, 

The residue in the distilling flask, after crystallisation from acetic 
acid, melted at 175° and consisted of pure anbydrotrimethy]lbrazilone. 


Oxidation of Anhydrotrimethylbrazilone with Permanganate. Forma- 
tion of m-Hemipinic Acid, (CO,H),C;H,(OMe),, and Dimethoxycarb- 
oxybenzoylformic Acid, CO,H:CO-C,H,(OMe),*CO,H. 


In carrying out this oxidation, pure anhydrotrimethylbrazilone 
(prepared from the acetate) was ground to a fine paste with water, and 
treated with permanganate at the ordinary temperature until the 
colour remained permanent overnight, which was the case after about 
three days. Oxidation takes place readily at first with evolution of 
some heat, so that in order to avoid the temperature rising above 20° 
cooling with water is necessary. The excess of permanganate is 
destroyed with sodium sulphite, the whole heated to boiling, and the 
filtrate and washings of the manganese precipitate evaporated nearly 
to dryness, acidified, and extracted 20 times with etber. The ethereal 
solution, after drying over calcium chloride, was concentrated to a small 
bulk and left standing in a closed flask for two days, when a small 
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quantity of a dark-coloured, crystalline substance had separated ; this 
was washed with ether, dissolved in dilute sodium carbonate, and boiled 
with purified animal charcoal. A clear solution was then concentrated 
and acidified, when, on standing, hard, nearly colourless prisms gradu- 
ally formed ; these melted at about 190° with effervescence and con- 
sisted of m-hemipinic acid, 


0'1533 gave 0°2992 CO, and 0:0665 H,O. C=53'2; H=4'8, 
CoH, 90, requires C=53'1 ; H= 4:4 per cent. 


The ethereal solution which had been decanted from the crude 
m-hemipinic acid as described above, was evaporated, when a pale yellow 
syrup was obtained which gradually became semi-solid. In contact with 
porous porcelain, the oily impurity was soon completely absorbed, and, 
on allowing the solution of the nearly colourless residue in water to 
concentrate slowly over sulphuric acid, an acid crystallised in hard, 
glistening prisms. This was collected, washed with a little water, and 
dried in the water-oven ; the substance first became sticky, then hard 
again, and when quite dry the melting point was about 150°. 

On analysis : 


0°1323 gave 0°2484 CO, and 0:0485 H,O. C=51:2; H=4:1. 
C,,H,,0, requires C=52°0; H=3°9 per cent. 


That this acid is dimethoxycarboxybenzoylformic acid was shown by 
a direct comparison with a sample of this acid which had been obtained 
from trimethylbrazilin by a different process (this vol., p. 1023). It 
appears that this acid is the principal product of the oxidation of 
anhydrotrimethylbrazilone. 

The aqueous solution of the oxidation product which had been 
treated with ether as described above was evaporated to dryness, 
mixed with sand, and extracted with ether in a Soxhlet apparatus. 
The extract, on evaporation, deposited a small quantity of an oil which 
solidified almost completely, and consisted of a mixture of dimethoxy- 
carboxybenzoylformic acid with some oxalic acid, but the latter was 
present only in small quantity. 


Action of Phenylhydrazine on Trimethylbrazilone, Formation of 
Deoxytrimethylbrazilone, C,yH,,0,. 


When trimethylbrazilone is heated with phenylhydrazine, a vigorous 
evolution of gas takes place and the product smells strongly of ammonia, 
The reaction may be moderated by dissolving trimethylbrazilone in 
acetic acid at 40—50° and adding excess of phenylhydrazine ; the tem- 
perature rises somewhat, a little gas is given off, and on standing a 


quantity of crystals separate. These after washing with acetic acid 
melt at 172—173°. 
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The best way of preparing this substance, however, is to heat to- 
gether trimethylbrazilone (3 grams), phenylhydrazine (6 grams), and 
alcohol (30 grams) on the water-bath. The crystals soon dissolve and 
if the yellow solution is poured in a thin stream into very dilute 
hydrochloric acid, an ochreous precipitate separates which is collected 
on the pump and well washed with dilute hydrochloric acid. The 
substance, which smells strongly of benzene, is drained on a porous 
plate and then warmed with a little alcohol at 50° for a few minutes 
by which means most of the dark coloured impurities pass into the 
alcohol, leaving the deoxytrimethylbrazilone undissolved. After allow- 
ing to cool and filtering on the pump, the precipitate is washed with 
alcohol and then crystallised from much boiling alcohol. The satiny 
mass of crystals thus obtained contains no nitrogen, as was proved, 
not only by the usual qualitative test, but also by an experiment con- 
ducted exactly as in the determination of nitrogen, but which yielded 
no gas. The analyses of three different specimens of this remarkable 
substance gave the following results : 


0°1466 gave 0°3964 CO, and 0:0786 H,O. C=73-'7; H=5°9. 

01344 ,, 03565 CO, ,, 0:0665 HO. C=736; H=5°8. 

01567 ,, 0°4230C0, ,, 00827H,O. C=736; H=5'8. 
C,,H,,0, requires C= 73°6 ; H =5°8 per cent. 


Deoxytrimethylbrazilone is therefore formed by the removal of two 
atoms of oxygen from trimethylbrazilone, 


C,9H, 0, - 20 = C,H, ,0,, 


the phenylhydrazine having acted as a reducing agent. 

It melts at about 173° and is sparingly soluble in ether, light 
petroleum, cold alcohol, or acetic acid, but dissolves readily in acetone, 
hot benzene, or chloroform and fairly easily in boiling alcohol, and crys- 
tallises from these solvents in almost colourless needles, It is quite 
insoluble in potash, even on boiling ; concentrated hydrochloric acid 
colours it yellowish-red and, on boiling, the crystals dissolve and then 
decomposition sets in with separation of an oil. It dissolves in sul- 
phuric acid with a dark orange colour, and when the solution is heated 
on the water-bath for two minutes it acquires a striking yellow fluores- 
cence, and on adding water a brown precipitate separates which is 
soluble in warm water. 

Concentrated nitric acid dissolves the substance with an intense 
purple colour and on adding water a purple precipitate separates. Boil- 
ing with 50 per cent. nitric acid also gives a magnificent purple solu- 
tion, oxidation taking place only with difficulty. 

Deoxytrimethylbrazilone dissolves in hot acetic anhydride, forming 
a dark reddish-brown solution, ond if, after boiling for five minutes, 
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the liquid is poured into a basin, crystallisation commences at once and 
the crystals, after collection on the pump and washing with acetic 
anhydride, melt at about 173° and consist of the unchanged substance, 
On analysis : 


0:1338 gave 0°3594 CO, and 00717 H,O. C=73:3; H=5°9. 
C, H,,0, requires C=73°5; H=5'8 per cent. 


This shows that the substance cannot contain a hydroxy-group. 

Deoxytrimethylbrazilone is readily attacked by permanganate, but 
although many experiments have been made under different conditions, 
it has not been found possible to isolate any decomposition products of 
interest from the product of the oxidation. 

Working at the ordinary temperature under exactly the same con- 
ditions as used in the case of the oxidation of anhydrotrimethy]brazilone 
(p. 1045), large quantities of oxalic acid and acetic acid are produced 
and only traces of other oxidation products. 


Nitrohydroxydihydrotrimethylbrazilone, NO,*C,,H,O,(OMe),°OH. 


This remarkable substance is produced by the action of nitric acid 
on trimethylbrazilone, according to the following equation : 


C,9H,,0, + HNO, = C,,H,,0,N, 


nitration and addition of water taking place simultaneously. 

In our first experiments, this substance was always prepared by 
treating trimethylbrazilone with dilute nitric acid under the following 
conditions, Trimethylbrazilone (2 grams) was ground to a very fine 
paste with a little water, mixed with about 80—100 c.c. of dilute 
nitric acid (containing 1 vol. of nitric acid of sp. gr. 1°42 to 2 vols. of 
water), and rapidly heated to about 50° over a free flame. The almost 
colourless mixture first assumed a deep yellow colour and, as the tem- 
perature increased, rapidly deposited a pale yellow, very voluminous 
substance, very little oxidation and evolution of red fumes taking 
place. The whole experiment only takes a few minutes. 

After standing unti! cold, the product was mixed with its own 
volume of water, the precipitate collected on the pump, well washed 
with water, and recrystallised from glacial acetic acid. The lemon- 
yellow crystals thus obtained are frequently not quite pure, and con- 
tain traces of trimethylbrazilone which have escaped the action of the 
nitric acid; the latter is easily removed by extracting the crystalline 
mass with boiling toluene, which dissolves the impurity easily, but in 
which the nitro-compound is practically insoluble. After filtering, 
the residue was once more crystallised from glacial acetic acid, and 
then analysed, with the following result : 
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0°1390 gave 0°2868 CO, and 0°0612 H,O. C=56-%4; H=4°9. 

02144 ,, 04401 CO, ,, 0°0942H,O. C=560; H=4°9. 

01942 ,, 63 cc. nitrogen at 14° and 760 mm. N=3°8. 
C,,H,,O.N requires C=56°3 ; H=4°7 ; N=3°5 per cent. 


This method of preparation gives at once a very pure product, but 
it is not quite so convenient as the following modification, which was 
subsequently adopted in preparing large quantities of the nitro- 
compound. 

Nitric acid (ordinary concentrated, 50 c.c.)* is placed in a quarter- 
litre flask and then very finely powdered trimethylbrazilone (10 grams) 
added in small quantities at a time, any rise of temperature being 
carefully checked by cooling the flask with water. The substance 
dissolves in the acid, and when, after standing for 10 minutes, water 
is added, a yellowish-green, voluminous precipitate separates, which is 
collected on the pump, well washed with water, and left in contact 
with porous porcelain in a dark place. The mass is then crystallised 
from acetic acid, extracted with boiling toluene, and again crystallised 
from acetic acid, exactly as explained in the case of the previous pre- 
paration. The pale yellow needles thus obtained gave on analysis : 


0°1926 gave 0°3993 CO, and 0°0849 H,O. C=565; H=4°9, 
01901 ,, 59 c.c. nitrogen at 16° and 750mm. N=3°5. 
C,,H,,O,N requires C=56°3; H=4'7; N=3'5 per cent. 


Nitrohydroxydihydrotrimethylbrazilone, when heated in a capillary 
tube, darkens at 225° and melts at about 230° with decomposition. 
It is very sparingly soluble in alcohol and glacial acetic acid in the 
cold and dissolves with difficulty even on boiling ; it is almost insoluble 
in boiling benzene, or toluene, in light petroleum, or in water. It is 
insoluble in dilute sodium carbonate in the cold, but on boiling it 
gradually dissolves, yielding a deep violet solution ; in caustic soda, 
it dissolves at once, forming an intense violet solution which, on 
standing, soon loses its colour and deposits a drab precipitate (see 
p. 1050). Preparations of this nitro-compound must be kept in the 
dark, since the pale yellow crystals, when exposed to sunlight, rapidly 
become an intense yellow. It dissolves in concentrated sulphuric 
acid with a brown colour, and on diluting somewhat and heating an 
intense indigo-blue solution is produced, which, on the addition of 
alcohol, becomes deep violet. 

The molecular weight of the nitro-compound, determined by the 
boiling point method in glacial acetic acid solution, gave 367 and 371, 


* Bollina, Kostanecki, and Tambor (Ber., 1902, 35, 1676) use nitric acid of 
sp. gr. 1°3 in preparing this nitro-compound, and state that the substance, simply 
crystallised from alcohol and acetic acid, melts at 225°. 
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whereas the mol. wt. of C,,H,,O,N is 405, The methoxy-groups 
were also determined, with the following result : 


0°3812 gave 0°6546 AgIl. MeO=22°7. 
C,;H,,O,N(OMe), requires MeO = 22:9 per cent. 


Nitroacetoxydihydrotrimethylbrazilone, NO,*C,,H,0,(OMe),*O°C,H,0, 
is very easily obtained by boiling the nitro-compound with eight times 
its weight of acetic anhydride for 10 minutes and leaving the solution 
over solid potash in a vacuum desiccator. The acetyl compound soon 
begins to separate in crusts of warty crystals, and, on the following 
day, these are collected, washed with acetic anhydride, and dried at 
100°. On analysis : 


0:1709 gave 0°3564 CO, and 0:0736 H,O. C=56'8; H=4°7. 

071413 ,, 0:2922CO, ,, 0°0614H,O. C=564; H=4°8. 

01956 ,, 5:5 .c. nitrogen at 20° and 760mm. N=3°2. 
C,,H,,0,,N requires C=56'4 ; H=4°7; N=3:1 per cent. 


Nitroacetoxydihydrotrimethylbrazilone melts at 150—155° with 
previous softening, and crystailises from acetic acid in round, warty 
masses, When ground to a paste with water, it gives no immediate 
coloration with dilute caustic potash, but on standing it gradually 
dissolves, forming a purple solution, When warmed with potash, it 
dissolves at once with a purple colour. 

That this substance is a monoacetyl compound was proved by hydro- 
lysing it with decinormal suiphuric acid and, after filtering from the 
insoluble nitrohydroxy-compound, estimating the amount of acetic 
acid by titration with decinormal caustic soda, It was found that the 
acetic acid from 0°558 gram of substance neutralised 0°045 gram 
NaOH, whereas, on the assumption that the substance is a monoacetyl 
compound of the formula C,,H,,0,,N, the amount neutralised should 
have been 0°049 gram NaOH. The nitrohydroxy-compound obtained 
during this experiment crystallised from acetic acid in almost colour- 
less needles which melted at 228—230°. 


Action of Potash on Nitrohydroxydihydrotrimethylbrazilone, 


It has already been stated (p. 1049) that this nitro-compound dis- 
solves in potash with an intense purple colour and that, on standing, 
this gradually disappears and a drab precipitate is deposited.* 

This important decomposition was made the subject of an extended 
investigation, and it was ultimately found that the best yield of the 
various products formed was obtained under the following conditions. 

* If, however, the potash solution employed is very weak, and only in slight 


excess, the violet colour changes to brown without any precipitate being formed : 
the course of the reaction in this case is being investigated, 
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The nitro-compound (3 grams) is ground up to a fine paste with about 
10 cc. of water, then 25 cc. of 50 per cent. potash solution are 
added and the whole well shaken to ensure complete solution, any 
tendency to rise of temperature, which is usually noticeable, being 
checked by cooling with water. After about 10 minutes, the purple 
colour will have disappeared, the whole is then diluted with water, 
filtered on the pump, the precipitate washed with water and dried on 
porous porcelain, it then weighed 1‘0—1:‘2 grams. The well-powdered 
substance is now boiled with alcohol, which dissolves about two- 
thirds, filtered, and the residue, which is pale ochre-coloured, washed 
several times with hot alcohol, in which it is practically insoluble. 
The substance is then purified by crystallisation from much 
toluene, from which it separates in almost colourless, microscopic needles 
of melting point 205°. On analysis : 


0°1498 gave 0°3033 CO, and 0:0711 H,O. C=55-2; H=5'3. 
01546 ,, 03133CO, ,, 0°0721H,0. C=55:1; H=5'l. 
0°1738 ,, 10°6 cc. of nitrogen at 16° and 769mm. N=7°2. 
C,H,,0,N requires C=54'8 ; H=5°6; N=7'1 per cent. 
(C)H,,0,N). » C=551; H=5:1;N=72 ,, ,, 
C,H,0,N _,, C=56'4; H=46; N=72 ,, ,, 
That this substance contains two methoxy-groups, and is therefore 
a derivative of the catechol nucleus of ‘brazilin, is shown by the 
following determination by Zeisel’s method. 


0°1506 gave 0'3783 AgI. MeO=32°2. 
C,H,0O,N(OMe), requires MeO = 31°6 per cent. 

The dark coloured hydriodic acid from this determination deposited, 
after some days, a brown, crystalline substance, which was collected, 
washed with a little very dilute sulphurous acid, and left in contact 
with porous porcelain until dry, 

This substance dissolves readily in methyl alcohol and on diluting 
and shaking with air a deep blue solution is produced. 

The addition of ferric chloride to the methyl alcoholic solution 
gives an intense indigo-blue colour which becomes reddish-violet on 
the addition of more of the reagent, and a precipitate is formed. 
The methyl alcoholic solution of the substance gives a greenish-white, 
insoluble precipitate with lead acetate. 

Although the evidence is not sufficient to definitely establish the 
nature of the nitro-compound of melting point 205°, it seems probable, 
for reasons explained in the previous paper (this vol., p. 1021), that it 
is a dinitrodimethylhomocatechol of the formula 


MeO 


(NO, NO,’ YOMe 
MeO. /CH,—-CH,, OMe , 
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The dark brown alcoholic extract obtained in the first purification of 
the substance of melting point 205° contains a second product of the 
action of potash on nitrohydroxydihydrotrimethylbrazilone. In order 
to isolate this, the dark solution is digested with animal charcoal for 
1 hour, evaporated to a small bulk, and mixed with an equal volume of 
hot water, when, on standing, brown, leafy crystals separate which, on 
repeated recrystallisation, are obtained almost colourless and melt at 
118°. On analysis : 


0°1393 gave 0:2804 CO, and 00736 H,O. C=54:9; H=5°9. 

01381 ,, 0:2790CO, ,, 0°0711H,0. C=55:1; H=5-7. 

01753 ,, 10°6 c.c. of nitrogen at 15° and 768 mm. N=7°2. 
C,H,,0,N requires C=54'8; H=5°6 ; N=7°1 per cent. 


This substance is sparingly soluble in cold alcohol or light petroleum, 
and almost insoluble in cold water. It dissolves, however, in much 
boiling water, separating again in slender needles, and, indeed, the 
substance, if very dark coloured, as is often the case, is best purified 
in this way. It is quite insoluble in potash solution, but dissolves in 
sulphuric acid with a deep orange colour. 

That this substance contains two methoxy-groups, and is therefore, 
like the substance of melting point 205°, derived from the catechol 
nucleus of brazilin, is shown by the following determination by Zeisel’s 
method : 


0°1674 gave 0°4062 Agl. MeO=31°9. 
C,H,0O,N(OMe), requires MeO = 31°6 per cent. 


The consideration of the percentage composition and properties of this 
substance leave scarcely any doubt that it is identical with the niéro- 
dimethylhomocatechol of the formula 


NO, OMe 
Me me 


which H. Cousin (Ann. Chim. Phys., 1898, [vii], 18, 480) obtained 
direct from homocatechol by nitration and subsequent methylation of 
the 6-nitrohomocatechol, C,H,Me(OH),-NO, [1 :3:4:6], produced. 
Cousin gives the melting point of his substance as 117°. 

The deep brown potash solution which had been separated from the 
mixed substances (m. p. 205° and 118°) as described above (p. 1051) was 
acidified and allowed to stand, and the almost black, resinous mass 
which was deposited collected and washed with water. 

From this uninviting mass, by repeated treatment with water and 
animal charcoal, a considerable quantity of an almost colourless sub- 
stance was obtained which crystallised from water in needles, melted 
at 155° and gave, with ferric chloride, an intense violet coloration. 
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That this substance is p-methowysalicylic acid was proved by a direct 
comparison with a sample of this acid prepared by the methylation of 
resorcylic acid. It was also analysed with the following results ; 


0'1952 gave 0°4095 CO, and 0:0848 H,O. C=57'2; H=4°8. 
C,H,O, requires C=57'1; H=4'8 per cent. 


The aqueous liquors from the crude p-methoxysalicylic acid were 
distilled in steam, the acid distillate boiled with barium carbonate, 
filtered, and the filtrate evaporated to dryness. 

The residue, which was considerable, consisted mainly of barium 
formate, since its solution in water blackened silver nitrate and 
reduced mercuric to mercurous chloride; also CO was evolved with 
sulphuric acid. From this it follows that formic acid is one of the 
products of the action of potash on nitrohydroxydihydrotrimethyl- 
brazilone. 


Action of Phenylhydrazine on Nitrohydroxydihydrotrimethylbrazilone. 


In studying this reaction, the nitro-compound, in quantities of not 
more than 2 grams, is warmed with a little acetic acid (20 grams) 
to about 20° and then carefully purified phenylhydrazine (3 grams) 
is added, when the solid soon dissolves, forming a dark brownish-red 
solution. This is filtered from any undissolved substance, if necessary, 
and allowed to stand, when crystallisation soon sets in, the whole 
ultimately becoming a pasty mass of crystals. These are collected 
on the pump, washed thoroughly with glacial acetic acid, and drained 
on a porous plate. If the operation has been successful, the product 
will be a yellowish-red, crystalline mass and not dark red and 
gelatinous in appearance, as is often the case if the temperature has 
been allowed to rise too high during the preparation. After drying at 
100°, the following results were obtained on analysis : 


01534 gave 0:3619 CO, and 0:0770 H,O. C=64'3; H=5°6. 

01683 ,, 0:3978CO, ,, 0°0848H,O. C=64:4; H=5°6. 

0°1347 ,, 19°6 cc. of nitrogen at 22° and 761mm. N=16°0. 
C,,H,,0,N, requires C= 64:4; H=5°6 ; N=15°7 per cent. 


This interesting substance, the constitution of which is not yet 
understood, melts at about 170° and dissolves in sulphuric acid with 
an olive green colour, but is insoluble in alkalis. It is sparingly 
soluble in glacial acetic acid in the cold, but dissolves readily on boiling, 
forming a pale yellow solution from which it separates on cooling as 
an orange-red, gelatinous mass. It is readily soluble in acetone and 
hot benzene, forming pale yellow solutions, but is insoluble in light 
petroleum. When heated with acids, it resinifies and for this reason 
it has, so far, not been found possible to remove the phenylhydrazine 
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residues and determine the nature of the parent substance. Its 
stability towards acids is, however, well shown by the fact that it 
dissolves in 20 per cent. alcoholic hydrochloric acid, and if after 2 
hours an equal bulk of water is added, the unchanged substance 
gradually crystallises from the solution. As the determination of 
the nature of this compound is of the first importance in connection 
with the constitution of brazilin, its investigation is being continued. 
The dark coloured acetic acid mother liquors of the above substance gave, 
on diluting with water, an ochreous precipitate which was collected, 
washed well, and boiled with sodium carbonate. The hot liquid was 
filtered from the black resin which had separated, decolorised as far 
as possible with animal charcoal, and acidified, when a bulky precipi- 
tate was obtained which crystallised from water in colourless needles 
and melted at 155°. On analysis: 


0°1264 gave 0°2647 CO, and 0:0567 H,O. C=57:1; H=5-0. 
C,H,O, requires C=57'1; H=4'8 per cent. 


This acid is p-methoxysalicylic acid, MeO-C,H,(OH)*CO,H, since its 
alcoholic solution gives, with ferric chloride, an intense violet color- 
ation, and when mixed with a sample of this acid, prepared by the 
methylation of f-resorcylic acid, there was no lowering of the melting 


point. 


Action of p-Bromophenylhydrazine on Nitrohydroxydihydrotrimethyl- 
braztlone. 


Owing to the remarkable nature of the reaction just described and 
the peculiar properties of the phenylhydrazine compound obtained, it 
was thought advisable to study the action of p-bromophenylhydrazine 
on the nitro-compound in order to obtain a check on the composition 
of the condensation product. 

Carefully purified nitrohydroxydihydrotrimethylbrazilone was there- 
fore treated with p-bromophenylhydrazine, in acetic acid solution, 
substantially as described above, and the orange-red crystals which 
separated were collected and thoroughly washed with acetic acid. Two 
preparations were made and analysed separately : 


I. 0°1861 gave 0°3228 CO, and 0:068 H,O. C=47:3; H=4-0. 
0°1475 15 c.c. of nitrogen at 15° and 764mm, N=11°'9. 
0°2822 01794 AgBr. Br=27:0 

II. 0°1470 0:2568 CO, and 0°0518 H,O. C=476; H=3°9. 
0°2171 22°6 c.c. of nitrogen at 19° and 752 mm. N=11'8, 
0°2538 0°1593 AgBr. Br=26-7. 

C,,H,,0,N Be, requires O< 47° 6; H=3°8; N=11°6; Br=26°4 per cent. 


This substance has no definite melting point and when heated in a 
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capillary tube it shrinks together at about 195° and decomposes at 
220°. It is readily soluble in hot glacial acetic acid and crystallises 
on cooling in microscopic groups of orange needles. 

It will be seen from the above analyses that the substance 
C,,H,,0,N,Br, corresponds exactly with the substance C,,H,,0,N;, 
obtained by the action of phenylhydrazine on the nitro-compound. 


Oxidation of Nitrohydroxydihydrotrimethylbrazilone. 


In this oxidation, the nitro-compound was employed in the form in 
which it is precipitated by pouring the product of the action of nitric 
acid on trimethylbrazilone into water, as in this condition it is much 
more readily oxidised than after recrystallisation. The substance was 
ground to a fine paste with water and oxidised with permanganate at 
25—30° until, after standing for four hours, the colour remained per 
manent. After removing the excess of permanganate with sodium 
sulphite, the whole was filtered on the pump, the precipitate washed 
well, and the deep yellow, alkaline filtrate evaporated to a small bulk 
and acidified, when a considerable quantity of a black, resinous sub- 
stance separated. The whole was extracted with ether, the ethereal 
solution dried over calcium chloride, and evaporated to a small bulk, 
when, on standing for some days, a quantity of a crystalline substance 
had separated. This was collected, washed with ether, and repeatedly 
recrystallised from water with the aid of animal charcoal, when nearly 
colourless, slender needles were obtained which gave on analysis the 


following results : ai 
0°1274 gave 0°2486 CO, and 0°0528 H,O. C=53'2; H=4°6. 
C,H 1,0, requires C=53'1 ; H=4°4 per cent. 

This acid melted at 170—172°, was dibasic, and on fusion with 
potash yielded a substance which gave a violet coloration with ferric 
chloride. The analysis and these properties point to the acid being 
2-carboxy-5-methoxyphenoxyacetic acid, 

Me0:C,H,(CO,H):O-CH,°CO,H, 
and that this was the case was proved by mixing a small quantity 
with a specimen of this acid which had been obtained from brazilin by 
another method when no lowering of the melting point could be 
observed. As the formation of this acid is of great importance in 
deciding the constitution of nitrohydroxydihydrotrimethylbrazilone, 
the experiment is being repeated with very carefully purified sub- 
stance, but unfortunately the oxidation then takes place with extreme 
slowness, 
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Examination of the Nitric Acid Liquors from the Preparation of 
Nitrohydroxydihydrotrimethylbrazilone. 


The accumulated mother liquors from a large number of preparations 
of the nitro-compound were saturated with ammonium sulphate and 
repeatedly extracted with ether. The etheral solution was dried over 
calcium chloride, evaporated to a small bulk, and then allowed to 
concentrate further in the air, when deep yellow crystals separated 
which were collected and Jeft in contact with porous porcelain until 
quite free from oily mother liquor. The residue was then crystallised 
from boiling water, from which it separated in almost colourless needles 
On analysis : 

0°1768 gave 0-2074 CO, and 0°0402 H,O. C=446; H=3°5. 

0°2152 ,, 118cc. nitrogen at 18° and770mm. N=6-4, 

O,H,O,N requires C=45'1; H=3:3; N=6°. 

This nitro-acid melts at about 230° with decomposition (after 
softening at 220°), is sparingly soluble in water, and gives with ferric 
chloride a blood-red coloration. As the analysis and properties seemed 
to show that this substance was nitromethoxysalicylic acid, 
Me0:0,H,(OH)(NO,)°CO,H, this hitherto unknown acid was prepared 
and found to be identical with the acid just described. 


p-Methoxysalicylic acid was dissolved in a little warm glacial acetic 
acid, mixed with concentrated nitric acid, and warmed until a vigorous 
action commenced; the tube containing the mixture was then 
immediately plunged into cold water. The crystals which separated 
were collected, washed with a little acetic acid, and crystallised from 
water, when pale yellow, microscopic prisms were obtained which 
melted at about 230°. On analysis : 


(2848 gave 16:3 c.c. of nitrogen at 19° and 757 mm. N=6'5, 
C.H,O,N requires N =6°5 per cent. 


The constitution of this nitromethoxysalicylic acid is probably that 
represented by the formula 


The authors wish to express their thanks to Messrs. J. Yates and 
D. T. Jones for valuable assistance in carrying out these experiments. 
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CVII.—Brazilin and Haematoxylin. Part VI. The 
Oxidation of Tetramethylhematoxylin with Chromic 


Acid. 
By W. H. Perkin, jun. 


Ir has already been shown (Trans., 1902, 81, 237) that the comparison 
of the behaviour of trimethylbrazilin and tetramethylhematoxylin on 
oxidation with permanganate has brought out in the clearest way the 
great similarity in the constitution of the two natural colouring matters 
brazilin and hematoxylin, and has proved that, whereas both are 
derivatives of catechol, brazilin contains also a resorcinol nucleus which, 
in the case of hematoxylin, gives place to the pyrogallol nucleus. 

The relationship between these two substances has been expressed 


by the author by means of the formule 
OH 


on Y°\cH—("on_ oH” ”°\cH_ (No 
a? CB oy A/F was CH\oy A 08 
OH OH 


Brazilin, Hematoxylin. 


When submitted to oxidation with chromic acid, tetramethylhemat- 
oxylin again shows a behaviour exactly similar to that of trimethyl- 
brazilin, yielding, as it does, in the first place tetramethylhamatoxylone, 
C,,H,0(OMe),(OH),,a colourless, crystalline substance which corresponds 
in all its reactions with trimethylbrazilone (this vol., p. 1041), and for 
which the author therefore proposes the analogous formula 


MeO 
Med’ \/°\c_--—/ \oMe 


| \ 
| lone ‘ OMe 
A/ \CH’ \ 4 
CH 


OH 


Tetramethylhematoxylone. 


At the same time, some of the tetramethylhematoxylin is further 
acted on and the product of the reaction contains considerable quan- 
tities of 2-carboxy-5 : 6-dimethoxyphenoxyacetic acid and m-hemipinic 
acid, 


i CO,H/” NOMe 
CO,H OMe * 
rales 
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When tetramethylhematoxylone is digested with acetic anhydride 
and anhydrous sodium acetate, it is quantitatively converted into 
acetylanhydrotetramethylhamatoxylone (m. p. 194°) : 
C,,H,O(OMe),(OH), + (CH,°CO),O0 = 

C,,H,;0(OMe),"O°C,H,O + H,O + CH,°CO,H, 
acetylation and elimination of water taking place simultaneously, 
exactly as in the case of trimethylbrazilone (this vol., p. 1045). 

The acetyl compound thus obtained is evidently identical with the 
tetramethoxymonoacetylhematoxylin (compare footnote, this vol., p. 
1017) which Herzig (Monatsh., 1895, 16, 912) first prepared by digest- 
ing tetramethyldehydrohematoxylin (the author’s anhydrotetramethyl- 
hematoxylone) with sodium acetate and acetic anhydride. ; 

On hydrolysis with methyl alcoholic potash, this acetyl compound 
is converted, in the first place, into the beautifully crystalline potassium 
compound of anhydrotetramethylhematoxylone, C,,H,O(OMe),-OK, 
and this, when decomposed by acids, yields the free anhydro-compound 
(m. p. 208—210°), which, in the opinion of the author, may be repre- 
sented by the formula 


MeO 
MeO“ “y \c__/oMe 


\\ JoMe 
AVANBYN/S 
C:OH 
Anhydrotetramethylhematoxylone. 


The analogy between these derivatives of hematoxylin and those 
of brazilin is complete, since when treated with nitric acid in the cold, 
tetramethylhematoxylone is almost quantitatively converted into 
nitrohydroxydihydrotetramethylhamatoxylone (m. p. 205°, see p. 1063), 

C,,H,O(OMe),(OH), + HNO, = NO,°C,,H,0,(OMe),°OH, 
the reaction being exactly similar to that which occurs in the case of 
the action of nitric acid on trimethylbrazilone. 

The hematoxylin derivative also dissolves in caustic alkalis with 
a purple colour and the solution, on standing, becomes brown and 
deposits a drab precipitate which consists of two substances melting 
at_118° and 205° respectively. The investigation of these showed that 
they were identical with the two substances of the same melting points, 
produced in the same way from nitrohydroxydihydrotrimethylbraz- 
ilone by the action of alkalis (this vol., p. 1050), and for which the 
following formule have been proposed : 


Me0/ NO, NO, OMe 


NO,/ ‘oMe 3 | 
M MeO: CH,—CH,\ OMe ' 


OMe 


M, p, 118°, 
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Still more remarkable, perhaps, is the fact that phenylhydrazine 
converts nitrohydroxydihydrotetramethylhematoxylone into the same 
substance, C,,H,,0,N,, as is obtained by the action of phenylhydrazine 
on the corresponding brazilin derivative (this vol., p. 1053). Obviously, 
then, the above two reactions are confined, in both cases, to the catechol 
nuclei in brazilin and hematoxylin, and the author therefore 
suggests, as an expression possibly representing the constitution of 
nitrohydroxydihydrotetramethylhematoxylone, the formula 


MeO 


(Me 
OMe° 


EXPERIMENTAL. 
Preparation of Tetramethylhematoxylin, C,,H,,0,(OMe),. 


In a paper which appeared lately (Ber., 1902, 35, 1669), and to 
which reference has already been made, Kostanecki and Lampe give 
a very convenient method for preparing trimethylbrazilin, namely, by 
treating the solution of brazilin in alcoholic potash with methyl sulphate 
instead of with methyl iodide. This modification may also be 
employed with great advantage in «the preparation of tetramethyl- 
hematoxylin. | 

Hematoxylin, dried at 100° (10 grams), is dissolved in hot methyl 
alcohol, mixed, while still warm, with methyl alcoholic potash (con- 
taining 10 grams of KOH), and then 25 grams of methyl sulphate are 
added all at once. As soon as the reaction is over, a second addition 
of the same quantities of methyl alcoholic potash and methyl sulphate 
is made and the product is then cooled and mixed with four times 
its volume of water. The clear solution gradually deposits needle- 
shaped crystals, and after two days these are collected, washed with 
water, and allowed to dry at the ordinary temperature on porous plates ; 
the yield is about 8 grams. 

The tetramethylhematoxylin so obtained is almost always in the 
hydrated form, the crystals apparently having the composition 
CopH_,0,,2H,O. After recrystallisation from dilute methyl alcohol, it 
was obtained in long, glistening, colourless needles which melted at 
about 65—68° and on analysis gave the following results : 


0°1595 gave 03586 CO, and 0:0946 H,O. C=61:2; H=6°6. 
C.9H,.0,2H,O0 requires C= 60°9; H=6°6 per cent. 
The determination of the water of crystallisation gave the following 
results ; 
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0°3785, on slowly heating to 110°, lost 0:0413 H,O. H,O=100. 
C.,H..0,,2H,O requires H,O = 9:2 per cent. 


The residue, which is somewhat discoloured, gives, on recrystallisation 
from dilute alcohol, sometimes the hydrated crystals and sometimes 
anhydrous tetramethylhematoxylin melting at 142°, but frequently 
the two forms separate out side by side. 


Tetramethylhematoxylone, C,,.H,O(OMe),(OH),. 


This substance, which is formed by the action of chromic acid on 
tetramethylhematoxylin, was first prepared as follows. 

Tetramethylhematoxylin (5 grams) was ground to a fine paste with 
water, mixed with 400 c.c. of potassium dichromate solution (containing 
40 grams in the litre) and 120 grams of 30 per cent. sulphuric acid, 
and heated in a water-bath at 35—40° for about two hours. The 
precipitate was collected on the pump, and after drying on a porous 
plate, digested with benzene which extracted the tetramethyl- 
hematoxylone, but left a violet, amorphous substance undissolved. 
The benzene solution was then evaporated to a small bulk and mixed 
with alcohol and the crude tetramethylhematoxylone, which separated 
on standing, purified by recrystallisation from much alcohol, On 
analysis : ; 


0°1852 gave 0°4355 CO, and 0:0907 H,O. C=64:2; H=5-4, 
C,)H,,0, requires C= 645 ; H=5°3 per cent. 


As the yield obtained by this process is only about 30 per cent. of 
the theoretical, experiments were made on the oxidation by chromic 
acid under different conditions, when it was found that the following 
process, which is similar to that used in the preparation of trimethyl- 
brazilone (this vol., p. 1041), gives excellent results. 

Tetramethylhematoxylin (10 grams) is dissolved in 50 grams of 
warm glacial acetic acid, and, after cooling, a solution of 6 grams of 
chromic acid in a little water is added in small quantities at a time, 
care being taken that the temperature does not rise above 30°. The 
precipitate which separates on standing is collected on the pump and 
washed with glacial acetic acid, when a pale yellow, crystalline mass is 
obtained which melts at 190—195° with rapid evolution of gas, and 
consists of nearly pure tetramethylhematoxylone, the yield being about 
8 grams. After recrystallisation from much alcohol, it gave, on analysis, 
the following numbers: 


0'1665 gave 0°3933 CO, and 00816 H,O. C=644; H=5-4. 
CoH 0, requires C=64'5 ; H=5°3 per cent. 


Prepared by either of the above processes, tetramethylhematoxylone 


PERKIN: BRAZILIN AND HZMATOXYLIN. PART VI. 1061 


is obtained always as a straw-coloured, crystalline mass, but it is, in 
reality, quite colourless (see p. 1065). It is sparingly soluble in alcohol, 
acetone, and most other solvents, with the exception of toluene and 
acetic acid, and from the latter it can be readily crystallised. It 
dissolves in concentrated sulphuric acid with an orange-red colour. 
The methoxy-groups were determined by Zeisel’s method with the 
following results : : 


0°3842 gave 0°9774 Agl. MeO=33°5. 
C,,H,O,(OMe), requires MeO = 33°3 per cent. 


Examination of the Chromium Liquors from the Oxidation of Tetra- 
methylheamatoxylin. 


The aqueous liquors which had accumulated in the preparation of 
considerable quantities of tetramethylhematoxylone by the first 
method given on p. 1060 were repeatedly extracted with ether; the 
ethereal solution was dried over calcium chloride, when a dark brown 
oil was obtained which, on standing, became semi-solid. This was 
boiled with a considerable bulk of water, when nearly all dissolved, 
and after decolorising with animal charcoal and evaporating toa small 
bulk, the solution deposited brown, prismatic crystals which are almost 
insoluble in water. The crystals were collected and recrystallised 
from glacial acetic acid, and thus obtained in colourless needles melt- 
ing at 214—216° and decomposing at about 220—230°. On analysis: 


0°1271 gave 0°2405 CO, and 0°0541 H,O. C=516; H=4°7. 
0:1442 ,, 0:2721 CO, ,, 0°0624H,O. C=514; H=4%. 
C,,H,,0, requires C=51°5; H=4°7 per cent. 


The silver salt, C,,H,,O,Ag,, was obtained on adding silver nitrate 
to the neutral solution of the ammonium salt as a white, gelatinous 
precipitate which gave the following results on analysis : 


02305 gave 0:2365 CO,, 0°045 H,O, and 0°1055 Ag. C=280; 
H=2'2; Ag=45'8. 
C,,H,,0,Ag, requires C= 28'1 ; H=2:1; Ag=45°9 per cent. 


There can be no doubt that this dibasic acid is 2-carboxy-5: 6-di- 
methoxyphenoxyacetic acid and identical with the acid of the same 
melting point which was obtained by the oxidation of tetramethyl- 
hematoxylin with potassium permanganate as described in a previous 
paper (Trans., 1902, 81, 241). 

The aqueous solution, from which the above acid had crystallised, 
deposited, on evaporation over sulphuric acid in a vacuum desiccator, 
large, glistening, brown prisms which became opaque at 100° ‘and 
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melted at_187—190° with vigorous decomposition and showed all the 
properties of m-hemipinic acid. On analysis: 


0°1291 gave 0:2502 CO, and 0:0526 H,O. C=52:9; H=4'5. 
C,,H,,0, requires C=53'1 ; H= 44 per cent. 


This acid was further identified by conversion into the characteristic 
ethylimide which, after recrystallisation from alcohol, melted at 
228—230°. The mother liquors from this m-hemipinic acid contained 
considerable quantities of oxalic acid. 


Acetylanhydrotetramethylhematoxylone, C,,H,0(OMe),:O-C,H,0. 


In preparing this substance, tetramethylhematoxylone (8 grams) 
was mixed with 5 grams of anhydrous sodium acetate and 40 grams 
of acetic anhydride and the whole heated to boiling in a reflux 
apparatus for about 15 minutes. The clear liquid, after cooling, 
was poured into much ice-water and well shaken until the excess 
of acetic anhydride had been decomposed, the precipitate was 
then collected on the pump and washed with water. It was then 
dissolved in hot glacial acetic acid containing 10 per cent. of acetic 
anhydride, when, on cooling, large, colourless, glistening prisms separ- 
ated which melted at 193—194° and gave on analysis the following 
results : 


0°1501 gave 0:3664 CO, and 0:0678 H,O. C=665; H=5:1. 
C..H..0, requires C= 66°7 ; H=5:0 per cent. 


This substance is evidently identical with the tetramethoxymono- 
acetylhematoxylin *(m. p. 190—192°) which Herzig (Monatsh., 1895, 
16, 912) obtained by digesting tetramethyldehydrohematoxylin with 
sodium acetate and acetic anhydride. Herzig states that solutions of 
the pure substance possess a distinct blue fluorescence, and this was also 
noticed in the case of the preparation described above before it was 
recrystallised. But after twice crystallising the substance the 
fluorescence had entirely disappeared, and it is therefore evidently due 
to minute traces of some impurity. 


Anhydrotetramethylhematoxylone, C,,H,O(OMe),°OH. 


When finely powdered acetylanhydrotetramethylhematoxylone (2 
grams), was boiled with dilute methyl alcoholic potash (containing 2 
grams of hydroxide), it rapidly dissolved, and if the solution was filtered 
and allowed to stand overnight, a mass of colourless, glistening crystals 
of the potassiwm compound of anhydrotetramethylhematoxylone 


* The reason for altering these names in the present paper is given in the 
footnote on p. 1017. 
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separated. This was collected on the pump, washed well with methyl 
alcohol, and dried at 100°, when the crystals became opaque and 
gradually broke up into a fine powder, which, on analysis, gave the 
following results : 


0°4527 gave 0:0981 K,SO,. K=9'7. 
C)H,,0,K requires K = 10:0 per cent. 


On standing in the air, this potassium compound gradually 
acquires a pale green colour ; it is soluble in water to some extent, but is 
mostly decomposed on mixing with water, the liquid becoming strongly 
alkaline. It is easily decomposed by dilute acetic acid, yielding a 
sticky precipitate which rapidly hardens and becomes crystalline and 
then consists of nearly pure anhydrotetramethylhexmatoxylone. This 
was collected, washed with water, and crystallised from boiling alcohol, 
from which it separates in small, glistening prisms. On analysis: 


0:1452 gave 0°3626 CO, and 0:0713 H,O. C=681; H=5-4. 
01599 ,, 0:3972CO, ,, 0°0765H,O. C=67'7; H=53. 
C,,H,,0, requires C=67°8 ; H=5'1 per cent. 


Anhydrotetramethylhematoxylone melts at 208—210° and is spar- 
ingly soluble in benzene, toluene, or cold alcohol, but dissolves fairly 
easily in the latter on boiling ; it is also soluble in boiling acetic acid, 
more readily in hot chloroform, and still more readily in boiling ace- 
tone ; it dissolves in concentrated sulphuric acid with an orange colour. 
The addition of bromine to the solution in chloroform causes the 
separation of a brown precipitate, hydrogen bromide being given off 
at the same time. When carefully heated in a current of nitrogen, 
the anhydro-compound yields a small quantity of a yellow sublimate, 
then the substance decomposes and a quantity of oil distils leaving a 
considerable carbonaceous residue. 

Anhydrotetramethylhematoxylone was first prepared by Herzig 
(Monatsh., 1895, 16, 910) by oxidising acetylmethylhematoxylin with 
chromic acid in acetic acid solution; he named it tetramethyldehy- 
drohematoxylin and gave the melting point at 202—206°. Herzig states 
that he could not obtain the substance quite pure on account of its 
tendency to change in the air, but the substance prepared by the method 
described above seemed to be perfectly stable, no change being noticeable 
even after standing for some days exposed to the air. 


Nitrohydroxydthydrotetramethylhematoxylone, 
NO,'C,,H,0,(OMe),-OH, 


This stibstance was first prepared by the action of dilute 
nitric acid on tetramethylhematoxylone, which was ground to a fine 
paste with water and then heated with dilute nitric acid (sp. gr. 1°25) 
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for 7—8 hours at 40—45°. After allowing the mixture to stand over. 
night, the precipitate was collected, washed with water, drained on a 
porous plate, and crystallised from glacial acetic acid. The pale yellow, 
needle-shaped crystals thus obtained were found to contain some 
unchanged tetramethylhematoxylone. The mass was therefore 
repeatedly treated with boiling toluene, which extracts the latter, but 
in which the nitro-compound is practically insoluble. Finally, the 
substance was again crystallised from acetic acid and analysed : 
0°1556 gave 0°3145 CO, and 0:0724 H,O. C=55:1; H=5'l. 
01567 ,, 4°6c.c. nitrogen at 18° and 750 mm. N=3°3. 
Cy 9H,,0,,N requires C=55:2; H=4°9; N=3:2 per cent. 

As in the case of the corresponding nitro-compound from trimethyl- 
brazilone, the method just described gives the purer product, but in 
preparing large quantities of nitrohydroxydihydrotetramethylhzmat- 
oxylone the following process is much more convenient. 

Finely powdered tetramethylhematoxylone (5 grams) is grad- 
ually added to colourless, concentrated nitric acid (30 c.c.), in which it 
dissolves completely, care being taken to avoid any rise of temperature 
above 25°. After standing for 5 minutes, the brownish-yellow liquid 
is poured into water, the ochreous precipitate collected, washed with 
water, and purified by crystallisation exactly as described above, but 
asa rule the product (which is obtained in a yield of 80—85 per 
cent.) will be found to contain very little unchanged tetramethyl- 
hematoxylone. The nitro-compound prepared in this way was always 
much more deeply coloured than that obtained by the process first 
described ; it, however, gave correct numbers on analysis : 

0°1871 gave 0°3803 CO, and 0:0854 H,O. C=55°4; H=5:l. 

0°1585 ,, 4°7c.c. nitrogen at 16° and 757 mm. N=3°4, 

C,,H,,0,,N requires C=55'2; H=4:9; N=3°2 per cent. 

Nitrohydroxydihydrotetramethylhematoxylone melts at 204—205° 
with darkening and evolution of gas, and is sparingly soluble in 
alcohol, benzene, toluene, or most other organic solvents, even on 
boiling, but it dissolves readily in boiling glacial acetic acid, and 
separates on cooling almost completely in pale sulphur-yellow 
needles. 

It is insoluble in dilute sodium carbonate, but dissolves readily and 
completely in caustic soda, forming an intense violet solution which, 
on standing, loses its colour and deposits a drab precipitate, exactly 
as in the case of the corresponding nitrohydroxydihydrotrimethyl- 
brazilone (this vol., p. 1050). 


The nitric acid mother liquors from the preparation of nitrohydroxy- 
dihydrotetramethylhzmatoxylin were saturated with ammonium sulph- 
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ate and extracted repeatedly with ether. The ethereal solution was 
concentrated on the water-bath and afterwards allowed to evaporate 
to dryness in an open dish at the ordinary temperature. 

The deep yellow residue was left in contact with porous porcelain 
until quite dry and then recrystallised several times from glacial acetic 
acid. In this way, a considerable quantity of a colourless acid was 
obtained which melted at 215°, and on examination was found to 
consist of 2-carboxy-5 : 6-dimethoxyphenoxyacetic acid, identical with 
the acid already obtained by oxidising tetramethylhematoxylin with 
permanganate (this vol., p. 241). On analysis: 


0:1039 gave 0°1959 CO, and 00452 H,O. C=515; H=4'8. 
C,,H,,0, requires C=51°6; H=4°7 per cent. 


The toluene liquors from the purification of a large quantity of 
nitrohydroxydihydrotetramethylhematoxylone in the way described 
above, yielded, on concentration, crystals which separated from acetic 
acid in perfectly colourless, glistening needles of melting point 195°. 
That this substance was pure tetramethylhzematoxylone was shown by 
the following analysis : 


0'1457 gave 0°3442 CO, and 0:0708 H,O. C=644; H=5-4, 
C,,H,,O0, requires C= 64:5 ; H=5°3 per cent. 


Action of Potash on Nitrohydroxydihydrotetramethylhamatoxylone. 


This decomposition proceeds on very similar lines to that described 
in the case of the nitro-compound from brazilin. The nitro- 
compound employed in the present experiments was that directly ob- 
tained by adding water to the product of the action of nitric acid on 
tetramethylhematoxylone. This was treated with potash in exactly 
the same way as described on p. 1050, and when the purple colour had 
disappeared the drab precipitate was collected, washed with water, and 
treated with boiling alcohol. 

By this means,the product was separated into two substances which 
melted at 205° and 118° respectively, and which were found to be 
identical with those obtained from brazilin. 

The substance of melting point 205° gave the following result on 
analysis : 


01721 gave 10°5 c.c. nitrogen at 15° and 762 mm. N=7°'2, 


The determination of the nitrogen in the substance of melting point 
118° gave : 


0°1742 gave 10°6 c.c. nitrogen at 16° and 766 mm. N=7°2. 
C,H,,0,N requires N =7'1 per cent. 
VOL, LXXXI. 4B 
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The alkaline aqueous solution from the drab precipitate was very 
dark coloured, and, as in the case of the corresponding brazilin decom- 
position, gave on acidifying a nearly black, resinous mass. This has 
not yet been further investigated. 

Action of Phenylhydrazine on Nitrohydroxydihydrotrimethylhema- 
toxylone.—In studying this action, the pure nitro-compound (2 grams) 
was dissolved in hot glacial acetic acid (20 grams), and when the tem- 
perature had fallen to about 40°, 4 grams of pure phenylhydrazine 
were added. The liquid soon began to deposit orange crystals, and on 
the following day these were collected on the pump, washed well with 
acetic acid, dried at 100°, and analysed : 


0:1365 gave 00709 H,O and 0:3208 H,O. C=64:4; H=5°8. 
01707 ,, 24c.c. nitrogen at 23° and 766 mm. N=15°9. 
C,,H,,0,N, requires C=64:'4; H=5°6 ; N=15°7 per cent. 


This substance melts at 170°, and a careful comparison showed that 
it is identical with the compound obtained by the action of pheny]l- 
hydrazine on nitrohydroxydihydrotrimethylbrazilone (this vol., p. 1053). 

As in this latter case, the dark coloured mother liquors from the 
orange crystals gave, on the addition of water, an ochreous precipitate, 
which, however, has not yet been investigated. 


The author wishes to express his thanks to Messrs. H. Hibbert and 
J. McP. Miller for assistance in the initial stages of these experiments. 
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CVIII.—The Decomposition of Chlorates. Part V. 
Potassium Chlorate in presence of Oxides of Man- 
ganese, and the Theory of Perchlorate Formation. 


By Witu1am H. Sopgav, B.Se. 


THE main object of the work now published was to ascertain the actual 
mechanism of the ready evolution of oxygen from a heated mixture of 
potassium chlorate and oxides of manganese, and to test the probability 
of the numerous chemical theories of this action which have been 
advanced from time to time. The “mechanical” hypothesis was dealt 
with in Part IV (Trans., 1901, '79, 939). 

The present paper deals with the qualitative action of oxides of man- 
ganese rather than with the quantitative relations of any particular 
oxide. 
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It seems doubtful whether anyone has obtained a substance having 
the exact composition required by the formula Mn0O,, butall the oxides 
of manganese between MnO and Mn0O, facilitate the decomposition of 
potassium chlorate. It is stated that an intermediate oxide finally 
results whichever oxide is used. 

The expression “ manganese peroxide’’ will be employed in the sense 
of MnO, nMnO,, mH,O, where 1 is large and m small, as water is 
obstinately retained,even when the oxide is heated until a little oxygen 
has been given off. The effect of adding various substances to potass- 
ium chlorate has been dealt with in numerous papers, of which it will 
be necessary to quote those of Baudrimont (J. Pharm. Chim., 1871, 
[iv], 14, 81, 161), Jungfleisch (ibid., 1871, [iv], 14, 130), H. Schulze 
(J. pr. Chem., 1880, [ii], 21, 426), Hodgkinson and Lowndes (Chem. 
News, 1888, 58, 309; 1889, 59, 63), Veley (Phil. Trans., 1888 A, 
271), Fowler and Grant (Trans., 1890, 57, 272), and McLeod (Trans., 
1889, 55, 184 ; 1894, 65, 202; 1896, 69, 1015). 

Brunck (Ber., 1893, 26, 1790, and Zeit. anorg. Chem., 1895, 10, 222) 
maintained that the active oxidising substance present in the gas 
evolved from potassium chlorate and manganese peroxide was a 
peculiar form of ozone resembling chlorine in some of its properties, 
but McLeod, in his two later papers, appears to have proved con- 
clusively that it is actually chlorine. 

The Nature of the Cycle of Changes.—The possibility of “‘ mechanical ” 
facilitation has been dealt with in Part IV (loc. cit.), and there are, in 
addition, several reasons for believing the effect of manganese peroxide 
to be due to chemical action, for example, under the microscope, the 
particles are seen to be attacked and broken up (McLeod, 1889), and 
an evolution of oxygen can be produced without fusing the chlorate 
(Baudrimont, Veley). 

Any chemical explanation must be of the nature of a cycle of 
changes, and with only three elements in addition to manganese all 
possibilities would seem to be included in one or other of the following 
three classes : 

(1) Cycles in which the formation of a compound containing man- 
ganese and potassium is included. 

(2) Cycles in which the formation of a compound containing man- 
ganese and chlorine is included. 

(3) Cycles confined to alternate oxidation and deoxidation. 

As an example of class (1), we may take the theory usually given in 
text-books (McLeod), it being suggested that permanganate, chlorine, 
and oxygen are first formed, 2KClO, + 2Mn0O,=2KMn0,+Cl, +0,, 
the permanganate then breaks up approximately in accordance with 
the equation 2KMn0O,=K,Mn0,+Mn0O,+0,, and jnearly all the 
chlorine reacts with the manganate, K,MnO, + Cl, = 2KCl + MnO, + 0,. 
4B2 
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The experiments of McLeod and others tend te indicate that a trace of 
permanganate is formed, and that all these reactions may oecur during 
a decomposition, but the author is not aware of anyone having 
attempted to show that these changes do actually occur to any consider- 
able extent. It is easy to devise similar cycles in which the first re- 
action produces manganate or manganite instead of permanganate. 

If the breaking up of the chlorate be due to a cycle of this class, the 
whole of the chlorine must be progressively liberated and reabsorbed 
with the exception of a trace. 

To illustrate class (2), suppose the very unstable manganous chlorate 
were formed, this would immediately break up, yielding much free 
chlorine (Wiichter, J. pr. Chem., 1843, 30, 325); any resulting mangan- 
ous chloride would at once be violently converted into peroxide by the 
action of the heated chlorate (H. Schulze; McLeod, 1889). Here, 
again, the whole of the chlorine would be liberated, but reabsorption 
might be brought about by the potassium oxide first formed. It 
seems unlikely that there should be any marked formation of mangan- 
ous chlorate, for it has been repeatedly shown that neither magnesia 
nor zinc oxide produces any appreciable acceleration in the reaction, 
although both are far more basic than the oxides of manganese. 

It will be seen that cycles belonging to class (3) are the only ones 
which do not involve the setting free of the whole of the chlorine con- 
tained in the chlorate, coupled with an almost complete reabsorption. 


Taste I.—Zffects of Variation of Pressure. 


Under reduced pressure. |Atmospheric press. 


Additional 
Chlorine Chlorine chlorine 
Chlorate. (Total=100). (Total =100). under 
Pressure} reduced 
in mm. pressure. 


As As 
Free. chloride. Free. chloride. 


Potassium.................. 1 0°00 100°00 0°00 100°00 — 
Barium hibsteacsdsecic 1—2 0°066 99934 0°093 99°907 nil 
SY Se savéseccicisesss 4 0°54 99°46 0°58 99°42 nil 
eon ctvescevsccceses 20—25 | 75°3 24°7 48°0 52°0 27°3 
Silver ....... { 3 54 78°9 0°2 99°8 20°9 
<< eaagee 20 6°75 93°25 0°2 99°8 6°55 


Potassium, with 5 per 
cent. ppd. MnQ,...... 25—44 | 0°45 99°55 0°52 99°48 nil 
Potassium, with 20 per 
cent. MnO, from 
NEE Wis sussscdecneeees 25—45 | 0°31 99 69 0°31 99°69 nil 
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Table I gives the averages of the determinations recorded in the 
present paper together with some of the results previously obtained 
with pure chlorates (Trans., 1900, '7'7, 137, 717; 1901, '79, 247). It 
will be seen that with the chlorates of (potassium) barium and calcium, 
reduction of pressure causes no increase in the proportion of free 
chlorine, but in the decomposition of lead chlorate and of silver 
chlorate, where there is a secondary reaction removing free chlorine 
from the gaseous products, reduction of pressure results in a large addi- 
tional quantity of chlorine remaining in the free state, an example 
of the well-known effect of decrease of the concentration (or pressure) 
of a gas which is reacting with a solid or liquid. Had the presence of 
oxides of manganese resulted in the intermediate liberation of the 
whole of the chlorine in the potassium chlorate (as required by cycles 
of classes 1 and 2), the behaviour of the mixture should in this 
respect have been comparable with that of silver chlorate. On the 
contrary, however, reduction of pressure did not produce the slightest 
increase in the amount of chlorine remaining free, or, in other words, 
the production of chloride proceeded to the same extent. There is 
therefore no secondary reaction removing liberated chlorine, and cycles 
of classes (1) and (2) are excluded, the changes being limited to 
oxidation and deoxidation. 

The Origin of the Trace of Chlorine.—As the free chlorine found in 
the gas is the actual amount liberated instead of being the vestige of 
a very large quantity originally evolved, its origin is relatively unimpor- 
tant. It may, however, be of interest to note that McLeod (1889) 
found that a mixture of manganese peroxide and sodium chloride 
evolved chlorine when heated. The oxides MnO,, MnO,, and Mn,O, 
have marked acidic properties towards potash, and must therefore 
liberate chlorine from potassium chlorate (Baudrimont found that 
“fused boric acid” expelled a very large proportion with great readi- 
ness). These two facts seem to account sufficiently for the production 
of the trace of chlorine, but there is, in addition, the bare possibility 
of the formation of traces of chlorate or chloride of manganese from 
which chlorine would be rapidly expelled. 

Nature of the Substance which actually causes the Facilitation.—It 
seems unlikely that the manganese compound, acting as an “ oxygen- 
carrier,” should contain chlorine, on account of the smallness of the 
proportion of free chlorine and the readiness with which chlorine is 
evolved from chlorate or chloride of manganese. As the amount of 
liberated chlorine in the gas is so small, only traces of any compound 
containing potassium and manganese can be present under ordinary 
conditions, but much more would be formed on adding a little potassium 
carbonate, which however, greatly retards decomposition (Jungfleisch, 
McLeod, 1889), or by replacing manganese peroxide by potassium 
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permanganate but this is actually much less active (Baudrimont ; 
McLeod, 1889) ; it therefore seems certain that the substance taking 
part in the cycle is not a potassium compound. 

By this process of exclusion, it would appear that the actual oxygen- 
carriers must be the oxides of manganese. This being so, addition of 
an alkali would be expected to produce a retardation by converting 
the most active particles into manganate. The evidence at present 
available appears to afford only an indication of the probable limits 
between which oxidation and deoxidation proceed. On heating man- 
ganese peroxide with potassium chlorate, the mass becomes purple (as 
others have observed) provided the amount of the peroxide is not 
sufficient to obscure such a phenomenon. The author has confirmed 
this with materials free from iron, and finds that the aqueous extract 
gives the permanganate absorption spectrum, and that a little sulphur- 
ous acid produces a brown precipitate cleared up by excess. Jungfleisch 
and others regard this production of permanganate as indicating the 
formation of Mn,O,, but in order to establish such a view it must be 
shown that the combination with potassium does not precede the 
oxidation. Manganate predominates when a small proportion of free 
alkali is added, but the purple colour is momentarily produced each 
time the mass is reheated after cooling. 

Perchlorate Formation and its Prevention by addition of Oxides of 
Manganese.—It appears that no perchlorate is even temporarily formed 
when potassium chlorate is decomposed in presence of oxides of man- 
ganese for, omitting earlier references, Eccles (this Journal., 1876, i, 
856) found that none was present in the residue, and McLeod (Trans., 
1889, 55, 191) has shown that if once formed it would not be decom- 
posed under the conditions of experiment. 

Some have regarded this absence as very remarkable (although 
hydrochloric acid also brings about the decomposition without forming 
perchlorate), but the author is not aware of any reason for supposing 
that the formation of a perchlorate is an essential part of the reaction 
by which oxygen is obtained from chlorates, 

The old equation, 2KCl1O, = KCl + KCl0,+0,, which is at last dis- 
appearing from text-books, was shown to be incorrect so long ago as 
1843 by Marignac (Berzelius’ Jahresber., 1845, 24, 192). The more 
recent work of Frankland and Dingwall (Trans., 1887, 51, 274) and 
of Teed (Proc., 1885, 1, 105; 1886, 2, 141; Trans., 1887, 51, 283) 
shows that for one molecular proportion of perchlorate, from 0°56 to 
0°77 molecular proportion of chloride was formed according to the 
rate and extent of the decomposition. With the chlorates of less 
basic metals, very much less perchlorate is formed, as may be seen 
from Potilitzin’s work with the chlorates of barium, lithium, stron- 
tium, and calcium (Abstr., 1888, 219; 1889, 338; 1890, 696 
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1892, 1275). In the case of calcium chlorate, one molecule of per- 
chlorate is formed for about 17 to 20 of chloride, whilst the author 
has found that lead chlorate yields little or no perchlorate (Trans., 
1900, 77, 718). This variation in the proportion of perchlorate renders 
it difficult to imagine that its formation is due to the breaking down 
of a large molecule of chlorate containing perchlorate groups (as has 
been suggested). Further difficulties are the absence of perchlorate 
when the chlorate is decomposed by treatment with hydrochloric acid, 
and the fact that potassium perchlorate yields some chlorate when 
heated, the latter seeming to point to the conclusion (by analogy) that 
both chlorate and perchlorate have the larger molecule. 

The perchlorate is not formed by combination with free oxygen, 
for reduction of pressure would greatly decrease this reaction and 
consequently bring about a far morerapidevolution of oxygen, especially 
in the later stages. No such result is, however, produced (Trans., 
1900, '7'7, 144). 

When potassium chlorate is heated with such substances as silver 
oxide, mercuric oxide, lead peroxide, barium peroxide, &c. (Fowler and 
Grant, Trans., 1890, 57, 279), it acts as a strong reducing agent, 
perchlorate being formed by union with the oxygen of these substances. 
The same authors have also shown that the monoxides of barium, 
calcium, and lead will act as oxygen-carriers, being first oxidised by 
the chlorate below its ordinary temperature of decomposition and 
then reacting with more chlorate, yielding perchlorate without evolution 
of oxygen. 

From this, it will be seen that potassium chlorate can hardly fail to 
undergo self-oxidation when heated alone, and it seems necessary to 
conclude that the perchlorate is formed by the reaction 


KCIO, + 3KC10, = KCl + 3KCI0, + 61,300 cal., 


this having no essential connection with the decomposition into chloride 
and oxygen, although it proceeds at a similar temperature, 

This theory explains the variation of the proportion of perchlorate, 
for the rates of the two reactions would not be expected to be equally 
affected by variation of temperature, and the absence of perchlorate 
when oxides of manganese are present would be the natural conse- 
quence of the addition of a substance which brings about the trans- 
formation into chloride and oxygen at a temperature far below that 
at which the “perchlorate” reaction proceeds with an appreciable 
velocity. 

A short statement of conclusions will be found at the end of the 


paper. 
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EXPERIMENTAL. 


A very active specimen of “precipitated manganese peroxide” was 
prepared by the action of bromine on manganous acetate at about 
55°. The precipitate thus obtained is stated to be a hydrate of 
MnO,5MnO,. After prolonged washing, it was dried for 11 hours in 
an air-oven at 120°, then at 200° for an hour with the pressure reduced 
to 3 mm., and finally for 14 hours at 300°, also under 3 mm. pressure. 
A small trace of water still remained, but the heating was not extended, 
as it is stated that the precipitated oxides begin to give off traces of 
oxygen at 210°, although oxygen is often absorbed at lower tem- 
peratures. 

The substance was in the form of shining, black scales, so bulky 
that a 1 oz. bottle held only 6 grams. By means of hydrochloric acid 
and potassium iodide, it was found to contain 31:8 per cent. of ‘ avail- 
able oxygen,” corresponding to 86°6 per cent. of MnO,. The formula 
MnO,5Mn0, requires 85°8 per cent. of MnO,. 

Another oxide was prepared by a method described by Gorgeu 
(Compt. rend., 1879, 88, 797). “Pure” manganous carbonate (free 
from any trace of iron) was added in excess to nitric acid ; the fine 
crystals of manganous nitrate obtained from the solution were drained, 
carefully rinsed with cold water, heated at 100° for some time, and 
partially decomposed by heating at 170° for 19 hours. The residue 
was washed with boiling water, finely ground in an agate mortar, and 
again thoroughly washed. It was dried at 140° and then heated at 
300° for rather more than an hour with the pressure reduced to 3 mm. 
The product was a dense, glistening black powder, still retaining a . 
trace of water. The available oxygen amounted to 35°8 per cent., 
corresponding to 97:2 per cent. MnO,. 

McLeod (Trans., 1894, 65, 204 ; 1896, 69, 1017) having published 
some determinations of the alkalinity of the residues obtained by heat- 
ing potassium chlorate with manganese peroxide, the author attempted 
to investigate the evolution of chlorine by titrating the residues, as 
previously carried out in his study of pure chlorates. Various 
amounts of the two pure oxides and of two commercial specimens, 
“ ordinary ” and “ pure artificial ” (probably pyrolusite and the residue 
from heating manganous nitrate respectively), were heated with potass- 
ium chlorate. The liberation of chlorine necessitated the formation of 
quantities of potassium oxide equivalent to 4—24 c.c. of V/500 alkali, 
but on extracting the product with water, taking care to exclude carbon 
dioxide and decanting the extract in order to avoid absorption of potash 
by filter paper, no alkalinity could be detected by means of phenol- 
phthalein, although this indicator is sensitive to 1/80 of the least 


SODEAU : THE DECOMPOSITION OF CHLORATES. PART V. 10738 


amount of potash formed. On the contrary, these extracts neutralised 
from 0:05 to 0°3 c.c. of :V/500 potash. If an insoluble residue (0°05 to 
0*2 gram of manganese peroxide) was boiled with about 5 e.c. of V/500 
potash, the greater part, and in some cases practically the whole, of 
the potash was absorbed in two minutes. The above procedure was 
varied by heating the product with water for 5} hours and by treating 
it directly with V/500 potash ; in each case, the behaviour was the same. 
Instead of being alkaline, the extracts are therefore slightly acid. 

The above properties of manganese peroxide have been previously 
observed by Gorgeu (Ann. Chim. Phys., 1862, [iii], 66, 156), and by 
Wright and Menke (Trans., 1880, 37, 48). In these papers, it is 
shown, for example, that manganese peroxide carries down potash 
even when precipitated from a liquid containing 25 per cent. of nitric 
acid, and that when treated with aqueous potash the amount absorbed 
is approximately that required for the formation of K,0,5Mn0,. 

McLeod employed litmus in his titrations, which were somewhat dis- 
cordant. It is perhaps only fair to state that in his 1896 paper 
(p. 1019) will be found the statement that “it is not easy to judge of 
the identity of the colour of the liquids, and the determinations are 
not of much value.” As pyrolusite was the material employed by 
him (tid., p. 1016) it seems possible that the manganese peroxide was 
saturated with some base, and therefore did not combine with the 
whole of the potash. 

The Chlorine Evolved at Various Presswres—On account of the re- 
moval of chlorine by heated glass (Trans., 1900, '7'7, 139) and the 
combination of potassium oxide with manganese peroxide (see above), 
there seems to be no method of ascertaining the exact amount of 
chlorine evolved unless the decomposition is made sufficiently rapid 
fur the former error to be negligible. In order to study decompo- 
sitions of the required rapidity, a soda-glass tube containing 1 gram 
of potassium chlorate and a known weight of manganese peroxide was 
furnished with an indiarubber stopper, through which passed the stem 
of a T-piece. One end of the top of the T was connected to a mer- 
curial manometer indicating the pressure under which the decomposition 
took place, whilst the other was sealed to the tubular stopper of the 
first of two absorption tubes containing a solution of neutral potassium 
iodide. The farther limb of the second absorption tube was connected 
to a Fleuss pump and an exhausted four-gallon stoneware bottle 
when the decomposition was to take place under reduced pressure, but, 
for atmospheric pressure, to a tube delivering the gas below a graduated 
cylinder inverted over water. 

In the first decompositions under reduced pressure, the rapid stream 
of gas carried much of the potassium iodide solution out of the absorp- 
tion tubes. This difficulty was overcome by giving the bulbed ascend- 
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ing limb a marked zig-zag form, as shown in the accompanying figure. 
A comparatively small tube of this form will pass the full blast of an 
ordinary foot bellows with the loss of only a few small splashes. 

It was not thought necessary to complicate the apparatus by decom- 
posing the mixture in a platinum vessel, as the action of the soda-glass 
would not appreciably increase the amount of chlorine liberated in 
presence of manganese peroxide (Trans., 1900, '7'7, 144). 

In conducting an experiment, a bath of melted pewter was raised 
until the surface was some distance above the level of the mixture in the 
tube, and the pressure was then noted. After an interval, the tempera- 
ture was raised until the decomposition became rapid, and the maximum 
pressure observed, the manometer being tapped meanwhile. In ex- 
periments under atmospheric pressure, there was but little increase. 
After decomposition, the tube was twice exhausted through the 
potassium iodide solution, which was then titrated with 1/500 thio- 

sulphate. The absorbing arrangements were 
—— sufficiently efficient, as comparatively little 
(\ chlorine reached the second tube. 

In the first series (a, Table II, p. 1075), 5 per 
cent. of the precipitated peroxide, approxi- 
mately MnO,5MnO,, was employed, and the 
mixture decomposed in a tube of 15 mm. 
bore and 230 mm. length, simply sealed at 
one end. The decomposition became rapid 
and beyond control when the temperature of 
the bath had risen to about 340°. Under 
reduced pressure, the mass tended to rise in 
the tube to about the level of the surface of 
the bath. This would tend to reduce the rise 
of temperature, and may explain the slight decrease of free chlorine 
accompanying reduction of pressure. 

In series (6), more concordant results were obtained, because the 
rising of the mass was, toa great extent, prevented by decomposing 
the mixture in a bulb of 28 mm. diameter blown at the end of the 
tube. Owing to the excessive activity of the precipitated oxide, these 
decompositions were not so regular as those in the next series. 

Ten per cent. of the manganese peroxide, obtained by heating the 
nitrate, did not readily produce rapid decomposition. In series (¢), 
20 per cent. was employed, and the rush of gas took place when the 
bath reached a temperature of about 355°, and it lasted about half a 
minute. These decompositions were exceedingly regular, and there 
is a corresponding agreement among the results. With this oxide, a 
bulb tube was an absolute necessity. 

The duration of the rush of gas is necessarily a somewhat indefinite 
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quantity on account of the difficulty of deciding the moment at which 
it begins or ceases to be “rapid.” With reduction of pressure, there 
appeared to be an increase of duration, but this may have been due to 
an error of judgment in allowing for the visible effect of expansion 
of the gas. It will be seen from Table II that reduction of 
pressure did not give the slightest increase in the proportion of free 
chlorine. 

It may be of interest to note that manganese peroxide also facilitates 
the decomposition of other chlorates. Tubes containing 0°1 gram of 
the peroxide, prepared by heating manganous nitrate, together with 
1 gram of potassium chlorate or the chemically equivalent quantity of 
the chlorates of barium and calcium, were placed side by side ina 
fusible metal bath, of which the temperature was raised at a rate 
averaging about 3° per minute. The decomposition was at first most 
pronounced in the case of calcium and least in that of potassium 
chlorate, but the latter was the first to give a rapid stream of gas, 
and barium the next, whilst the calcium chlorate was completely de- 
composed without any rush at all. As when heated alone these 


TaBLE II.—Potassium Chlorate with Oxides of Manganese. 


Chlorine (total =100), Chlorine per 100 parts of 


Pressure 


umber. : 
N in mm. 


e Potassium | Manganese 
As chloride. Free. chlorate. peroxide. 


767 99°46 ‘ 0°157 8°13 
771 99°53 : 0°137 2°74 
768 99°51 . 0°141 
23—36 99°54 , 0°104 
27—39 99°60 , 0°117 
27—38 99°63 ‘ 0°106 


763 99°41 ‘ 0°170 
764 99°46 ‘ 0°156 
24—60 99°41 ‘ 0°170 
23—49 99°54 , 0°133 


763 99°689 0°311 0°090 
763 99°684 0°316 0°091 
24—45 99°684 0°316 0°091 
25—46 99°686 0°314 0°091 


Series (a) and (b), 5 per cent. of precipitated manganese peroxide. (a), Tube 
simply sealed at one end, duration of rush of gas about 4 minute. (0), Tube with 
bulb, duration about } minute. (c), 20 per cent. of manganese peroxide from heated 
nitrate, tube with bulb, duration about 4 minute. 
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chlorates differ very greatly in stability, it appears that the properties 
of manganese peroxide form the dominant factors in conditioning the 
temperature at which the decomposition takes place, the properties of 
the chlorate being of less importance. 


Conclusions. 


(1) That the facilitating action of the oxides of manganese is due to 
the formation of a higher oxide of manganese by the oxidising action 
of the heated chlorate and the subsequent breaking up of the higher 
oxide. 

(2) That the liberation of chlorine is not an essential part of the 
cycle of changes bringing about the facilitation. 

(3) That when potassium chlorate is heated by itself, perchlorate is 
formed by self-oxidation, a process not essentially connected with the 
evolution of oxygen. 

(4) That addition of manganese peroxide prevents the production of 
perchlorate by bringing about the decomposition into chloride and 
oxygen at a temperature much below that at which self-oxidation of 
the chlorate proceeds at an appreciable rate. 


CIX.—An Accurate Method of Measuring the Com- 
pressililities of Vapours. 
By B. D. Sreexez, D.Sc. (1851 Exhibition Scholar). 


In the course of an investigation in which I am at present engaged 
with Prof. Ramsay, it became necessary to determine, for certain 
vapours, the deviation from Boyle’s law at pressures as low as 40 mm., 
with an error not greater than about one in three thousand. 

Since it is not possible to measure pressures of this magnitude in 
the ordinary manner with millimetre scale and telescope with such a 
degree of accuracy, the method described in the present paper was 
devised. 

Although Lord Rayleigh (Phil. Trans., 1901, A, 196, 205) and 
others have given their attention to the measurement of PV for gases 
at low pressures, similar measurements of compressibility for vapours 
do not exist, the nearest approach to the data required for the present 
purpose being contained in the series of papers by Ramsay and Young 
on “ Evaporation and Distillation.” 

The essential features of the method, and those on which the attain- 
ment of the required degree of accuracy depend, are three : firstly, the 
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elimination of all temperature corrections, this being brought about 
by enclosing the volume tube and manometer in a single jacket, and 
thus maintaining the whole system at the same temperature. Secondly, 
the pressure is measured by setting the surface of the mercury in the 
manometer to carefully sharpened glass points, an operation which, 
according to Lord Rayleigh, can be carried out with an error of 
00005 mm. Thirdly, the volume occupied by the vapour is deter- 
mined by weighing the mercury intro- 

duced into, or withdrawn from, the Fic. 1. 


apparatus. E 
The differences of level between the —— 


points are not measured directly, but are 4 
ascertained by a calibration of the appar- 
atus with hydrogen gas, as is described in 
detail later ; in this calibration, the as- 
sumption is made that between 200 and 
40 mm, pressure, and at the temperature 
of 130°, hydrogen behaves as a perfect 
gas. 

The temperature at which the experi- 
ments have been carried out is 129°60°, 
the boiling point of chlorobenzene at a 
pressure of 719 mm. 

Figure 1 shows the apparatus, which 
consists essentially of a volume tube, B, 
and manometer, C’, enclosed in the jacket, 
A ; the various tubes from B and C’ pass 
through the rubber cork, X, which fits 
air-tight into the neck of A, and during 
the experiments is covered with a layer 
of mercury to prevent the chlorobenzene 
from coming into contact with the cork. 
The liquid boils in the bulb, D, and is 
condensed in the tube Z, the latter being 
surrounded with a water-jacket, W; Z is 
connected with apparatus for maintaining a constant pressure, which 
differs only in a few details from that employed by Ramsay and 
Young (loc. cit., also Trans., 1885, 67, 640). 

The tubes B and C are fastened as rigidly as possible to the steel 
rod, #, and the whole can be adjusted to the vertical by means of two 
screws working at right angles to each other against the foot of R, the 
latter being kept pressed against the screws by a strong metal spring. 

Figure 2 shows diagrammatically the parts of B and C (Fig. 1) in 
greater detail ; the manometer consists of a tube of about 2 cm. inter- 
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nal diameter, provided, as shown, with constrictions in order to limit as 
far as possible the weight of mercury entering the apparatus at the 
higher pressures. 

The lowest section of the tube is connected to 6,at the top by a 
sealed joint which is closed, and at the bottom by the tube r, through 
which mercury connection is made. 

Each section is supplied with a point, po, p,, po» &c., which is sealed 
into the side of the manometer ; these points are made of blue enamel 

glass and are carefully 

Fic. 2. Fic. 3. sharpened on a fine oil- 

P stone. The bottom of the 

manometer is connected 


oo with the capillary tube and 
K 


tap, k, through which mer- 
curyjcan be taken out or 
introduced, as required, to 
adjust its two surfaces to 
the pair of points in use. 
The tube, m, with stop- 
cock is attached to the top 
of the manometer and leads 
to a Topler pump, and is 
used to exhaust this part 
of the apparatus. 

The vertical position of 
the points is recovered 
when necessary by means 
of the plumb line and 
gravity bob, g, the point 
of which can always be 
brought over the point n 
by the screws and spring 
already described as bear- 
ing against the foot of the 
steel rod, R; the bob, g, 
is suspended by a fibre of glass which is sealed to the point of suspen- 
sion, 7; 7, and m are made of blue enamel glass, and are sealed respect- 
ively to the top and bottom of the manometer. 

The volume apparatus (B, Fig. 1) consists of the large tube, a, the 
section, 6, and the connecting tube, c. At the top of a is sealed the 
capillary, d, which is provided with a stopcock and is connected with 
the Tépler pump ; this tube, like m, is used only for exhausting the 
apparatus. 


At the bottom of a, the tube and stopcock, A, is attached, a short 
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piece of capillary tubing being introduced at ¢ ; the side tube, /, serves 
for the introduction of the gas or vapour to be measured. . 

F is a vessel in which the mercury introduced into, or withdrawn 
from, a is weighed. 

To introduce liquid into the apparatus, the tube X (Fig. 3) must 
first be sealed on at f. To introduce the hydrogen for calibration, the 
apparatus shown in Fig. 4 must be attached to f. 

The calibration of the apparatus is necessary before it can be used 
for the measurement of the compressibility of vapours ; this consists of 
two distinct operations, first, the determination of the total volume of 
the volume tube, and, secondly, the vertical height of the mercury 
columns between the four pairs of points, py, and p,, p, and p,, p, and 
Ps and py and 7. 

These operations are carried out at the temperature of experiment, 
as follows : 

To ascertain the volume, the whole apparatus is heated to the re- 
quired temperature and mercury allowed to enter through &; the 
manometer is then exhausted as perfectly as possible and com- 
pletely filled with mercury, which is also allowed to rise in 6 until 
it just comes in contact with the point py. Mercury is next allowed 
to enter the tube a, through f, and is finally adjusted to the 
mark in the capillary, e. # is then filled with mercury and 
weighed to the nearest centigram, the tube 4 is dipped into the 
mercury, and @ completely filled; / is then removed and the tube 
k inserted and mercury allowed to enter 6 and fill both this and 
the tube c. After the mercury has finally taken up the tempera- 
ture of the bath, it is adjusted to the mark, e’, in the capillary, d. 
The vessel is again weighed, and the difference in weight of mer- 
cury, when divided by its density at the given temperature, gives 
the volume of a, 6, and c when bounded by the mercury surfaces 
at the point p, and at ¢ and ¢’. 

The actual distances between the various points has not been 
determined, since it was not necessary to know more than the 
ratio of one distance to all the others, and the approximate height 
of the one used as standard, in order to arrive at the variation of 
PV with P. 

The vertical distance between p, and p, or po., Was measured to the 
nearest tenth of a mm. with a telescope and scale, and to ascertain 
the ratio of the other heights to this, the volume occupied by a con- 
stant mass of hydrogen at each of the four pressures was measured. 

In doing this, as has been already said, the assumption is made 
that, at the temperature of experiment and over the range of pres- 
sures employed, hydrogen obeys Boyle’s law, an assumption that 
seems to be justified by Lord Rayleigh’s recent researches on the 
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behaviour of this gas at low pressures, together with the work of 
earlier investigators at higher pressures. 

The gas'is introduced through f by means of the apparatus 
shown in Fig. 4, which replaces X (Fig. 3) for this purpose. It 
consists of a tube, 7’, and two-way tap, S. The gas is introduced 
into 7’ through JU, and by regulating the pressure in V it is easy 
to allow such a quantity of hydrogen to enter the apparatus that 
a, 6, and ¢ are filled with it at a pressure nearly equal to 7... 

The calibration is then carried out as follows. The level of the 
mercury is adjusted to e and e’, and in all such adjustments a 
sufficient time is given to allow the 
mercury to attain the temperature of 
the vapour jacket. If, now, the pressure 
in the manometer is less than .,, it 
means that the volume occupied by the 
hydrogen is too great ; mercury is there- 
fore admitted into a from the weighed 
vessel, /', and at the same time mercury 
is run in, or taken from, the manometer 
through &, and by careful adjustment 
is just brought into contact with the 
points py, and p,; the pressure is now 
Po-y and the volume is the. total volume 
of a, 6, and c as determined by the pre- 
ceding operation, minus the volume of 
the mercury admitted into a, which is 
known from the change in weight of F. 
This volume will be alluded to as Vj... 

More mercury is now allowed to enter 
both limbs of the apparatus, and the sur- 
faces brought into contact with the 
points py, and p,; this gives the value of 
Vi. corresponding to the pressure p.., and in the same manner J,., 
and V,., are obtained. 

Since we have assumed that for hydrogen Po.,V.. = Po-oVo-g= K, we 
nave at once for the ratio of the pressures : 


Fic. 4, 


Por, Yoru Poo , Vors 
Pos Vor’ Por 


Pos Vos 


Having calibrated the apparatus, the tube for gas admission was cut 
off and that for vapour admission sealed on in its place. This consists of 
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a capillary tube, X, the internal,sectional area,of which is known, oe 
which is provided with a shoulder carefully ground into the cap, M, 
and is used as follows. The whole apparatus, while maintained at a 
high temperature, is well pumped out and filled with mercury to dis- 
place any small residue of air or other gas, all the stopcocks are then 
closed, and M is removed and the point A dipped into the liquid the 
vapour of which is to be introduced ; the exit tube of / is then attached 
toa small hand pump, and /’ exhausted ; on now opening the stopcock h 
the liquid—for example, benzene—enters the capillary, X, the tap h is 
then closed, and / disconnected with the pump, and by careful opening 
of the tap, the benzene is run out until a column of a definite length 
only remains in the tube ; the point of X is then dipped into mercury 
and this drawn into X by again exhausting /, M, which is of course 
filled with mercury, is then replaced in position. The length of the 
column of liquid required to give the desired pressure is previously cal- 
culated from the known volume of the apparatus, the sectional area of 
the tube X, and the molecular weight and density of the liquid intro- 
duced. To get the vapour into a, it is now only necessary to take 
out the mercury through A, which is effected by means of a pump 
attached to / and then by slightly lowering M mercury enters &, 
carrying the column of liquid in with it; any drops which might 
adhere to the walls of X are easily removed by gently warming 
M, when the hot mercury immediately vaporises them. 

The volumes occupied by the vapour at the different pressures are 
then determined in the same way as for the calibration, and these 
multiplied by the factors obtained in the latter operation give the 
values of PV at the corresponding pressures. 


The Limit of Accuracy of the Method. 


Of the possible sources of errur which may be expected in measure- 
ments of pressure and volume at high temperature, that involved in 
correction for mercury vapour pressure is eliminated by keeping the 
whole system at a uniform temperature ; any correction, and consequent 
possible source of error on account of difference in temperature of the 
mercury column in various parts of the manometer is also got rid of. 

The diameter of the tube at the points pp, p,, &c., is approximately the 
same, about 2 cm., and the pressure correction due to capillary forces 
for a tube of this size is of the order of 0°01 mm. and does not vary 
much on either side of this, so that the total error due to this cause is 
probably not greater than 0°005 mm., which on 40 mm. (the lowest 
pressure employed) amounts to only one part in eight thousand. 

A matter which gave rise to considerable difficulty at first was the 
persistent appearance of a very small bubble of air in the manometer, 
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probably given off from the surface of the glass ; this was reduced to a 
minimum by prolonged heating at 130°, and the influence of the very 
minute bubble which always appeared further minimised by making 
the volume of the top section over p, about 30 cc. The volume of 
the bubble was always measured in the capillary, m, after the experi- 
ment, and its influence on the pressure calculated from the volume 
of the manometer, which was roughly determined for the purpose, and 
this influence was found to be negligible after the above precautions 
were taken. 

Errors due to displacement of the apparatus from the perpendicular 
are probably absolutely negligible, since a displacement of 1 mm, in 
200 alters the height from 200 to 199°01, or one part in 2000, and 
by means of the plumb-line it is easy to set the point of g over” 
much nearer than 1 mm. The error due to this displacement is, how- 
ever, enormously increased if p, is not immediately under the other 
points, as was found in preliminary experiments, using an apparatus 
in which } was placed underneath a instead of below the manometer. 

The greatest error seems to be in the setting of the mercury surfaces 
to the points; this was done, using a simple lens‘of convenient focal 
length, and it was found impossible to attain the highest accuracy in 
the adjustment, on account of the vibration of the apparatus due to 
the boiling of the chlorobenzene in D setting up little wavelets on 
the surface. 

Without some means of preventing this vibration, it does not 
seem possible to reach the limit of 0:0005 mm. reached by Lord 
Rayleigh. For present purposes, however, this was not necessary. 

The volume of the other limb of the apparatus is easily capable of 
being determined within 1/25,000th part of the whole. Three con- 
secutive weighings of mercury after setting to the point p, did not 
differ by more than 0°015 gram, representing a volume only 1/50,000th 
of the whole. 

Correction for the expansibility of the glass is rendered unnecessary 
by determining the volume at the experimental temperature ; and 
correction due to the influence of the atmospheric pressure on the 
walls of the tubes is eliminated by calibrating with the same internal 
pressure as is exerted during the experiment. 

In using the apparatus, it is obvious that an error of 0°01 c.c. in a 
total volume of 60 c.c. is small, whereas the same actual error on a 
volume of 10 c.c. would be of considerable importance, but as the 
volume becomes smaller, so the delicacy of adjustment increases, on 
account of the increasing pressure, and consequent smaller influence 
of a small error in setting the points; thus it will be seen on examin- 
ing the figures given later that whilst with the larger volumes there 
is sometimes difficulty in recovering the weights of mercury, this 
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difficulty has practically vanished in the weighings for the smaller 
volumes. : 

The temperature was capable of being kept constant within 0°02° ; 
without taking any special precautions, any variation could, moreover, 
be immediately detected by the consequent change in pressure under 
which the liquid boiled, and as a further check a thermometer capable 
of being read to fiftieths of a degree was placed inside the jacket, A. 
This thermometer was not used to determine the temperature but only 
to indicate constancy or otherwise, and hence any correction for 
changes in the volume of the bulb due to lower pressure was 
neglected. 

The chlorobenzene used for vapour jacket was obtained from Kahl- 
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baum, and refractionated, and the temperature employed was 129°6°, 
the temperature at which it boils at a pressure of 719 mm. It was 
found much easier to keep the temperature constant by the use of a 
pressure regulating apparatus than by boiling in a vessel open to the 
atmosphere, on account of the changes of the barometric pressure, 
which were sometimes rapid and considerable. 

The limit of accuracy actually reached is shown *” the figures 
given for the hydrogen calibration, which was done ~ plicate, and 
for which the two sets of figures agree within one ‘> thousand, 
and also from the curves for benzene and ethe! in Fig. 5, 
where the individual figures lie on the curves ith .. error not 
exceeding one in 10,000 ; the scale to which these « ~ 4s are drawn is 


4c2 
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such that each of the divisions on the PV axes corresponds to one 
two-thousandth of the value for PV at 200 mm. pressure, 

In order to explain clearly the working of the apparatus, the com- 
plete figures for the first calibration, and also the calculation of the 
pressures so obtained, are copied from the aotebook : 


Calibration of Manometer with Hydrogen. 


| Weight of | 
| mercury after | an, Points. ——— 
adjustment, a 


971°24 
971°12 
971°22 
601°94 
601°89 
601°95 
601°80 
601°84 
436°58 
436°55 
346°94 © 
346°935 


True temperature = 129-60. 

Density of mercury at 129°60 = 132816 =p. 
Total volume of apparatus = 57°874 =v. 

Weight of / with mercury set to ¢e=957'83 = K. 
Distance between points py, and p,=198°5 mm. 


Calculation of Ratio of Pressures. 


Point. Po-1- Po-2 Po-s 


Weight of Hg after eae , 
adjustment= W. 971°19. 60188. 436°56. 


K-W=w = - 13°36 + 355°95 +521°27 +610°89 

1=2 ~ 1-006 +26°800 +89°247 +45°994 

v- i V 58°880 31-074 18°627 11°880 
f 0201746}  0°88288|  0°68774 1-00 


Vo-s 
pa ee = 40-047 75°882 126°59 198°5 
0-4 


It will be noticed that for the points pp_., two series of weighings 
are given; these were taken on different days and show a striking 
concordance. 
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In Table I are given the results of the two calibrations that have 
been made; unfortunately, by an accident, the data for the points p)_. 
in the second experiment were lost; it did not seem necessary to 
repeat it on this account. 

TaB.e I, 


vy 


V-4 


Experiment Pressures, 


0—1 0°20175 0°20175 40°047 
0—2 0°38228 ‘ 0°38229 75°882 
0—3 0°63774 ' 0°63777 126°60 
0—4 1°0 ‘ 1°0 198°5 


In Table II are given the values for ?V for benzene and ether 
vapours at 129°60° and at the above pressures. Column 1 gives the pair 
of points corresponding to which the volumes in the second column 
were found. The next column contains the pressures from Table I. 
In the fourth column is given the factor by which the product of 
columns | and 2 must be multiplied to give the PV values which are 
contained in the last column, PV at the highest pressure being made 
equal to 1,000: 

TaB.eE II. 


Pressure. Factor. 


Benzene. 


198°5 0°45133 1000°0 

126°60 —_ 1001°67 
75°882 — 1002°63 
40°048 _ 1003°2 


Ether. 


11°551 198°5 0°43612 1000°0 

18°136 126°60 a 1001°27 
30°274 75°882 — 1001°78 
57°394 40°048 — 1002°41 
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The significance of the above figures will not be discussed in the 
present communication, which is of a preliminary nature, but is 
reserved for a future occasion when a larger mass of material will be 
available. 

The results so far obtained serve to show with what accuracy it is 
possible to determine low pressures by this method. 


In conclusion, I wish to express my thanks to Professor Ramsay 
for his kindness and the interest he has taken in the work. 


CHEMICAL LABORATORY, 
UnIvrFRsITY CoLLEGE, LONDON. 


CX.—The Solvent Properties of Mixed Ingquids wn 
Relation to the Chemical Characters and Solvent 
Properties of therr Components. 


By Harry Meprorts Dawson. 


THE solvent power of mixed liquids in relation to that of the com- 
ponents has been a frequent subject of investigation. Bruner (Zeit. 
physikal. Chem., 1898, 26, 145) has given a list of these investigations. 
In nearly all cases, the solvents used have been mixtures of ethyl 
alcohol and water, in which the solubilities of various solid substances 
have been investigated. The solid substances employed in the earlier 
determinations were electrolytes (salts), non-electrolytes having only 
been used by Holleman and Autusch (Ree. Traw. Chim., 1894, 18, 277). 
The investigation of the solubility of electrolytes with the view of 
drawing general conclusions is not quite satisfactory, since the degree 
of electrolytic dissociation will vary with the concentration of the 
dissolved substance and the composition of the liquid mixture. Any 
existing simple relationships will thus be unnecessarily complicated. 
Bruner (/oc. cit.) determined the solubility of iodine in mixed liquids, the 
solvents employed being benzene, carbon disulphide, chloroform, carbon 
tetrachloride, ethyl alcohol, and n-propyl alcohol, these were chosen 
with the view of having the experimental conditions as simple as 
possible, the formation of molecular compounds between solute and 
solvent or between two solvents being in these cases very improbable. 
The results obtained by Bruner show that the solubility of iodine in 
a mixture of two liquids is always smaller than it should be according 
to the simple rule of mixtures, a result agreeing with the previous 
observations on alcohol-water mixtures. 
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On account of the very considerable concentration of some of the 
saturated iodine solutions, it is probable, however, that the experi- 
mental conditions chosen by Bruner are not suitable for investigating 
the dependence of the solvent power of mixtures on the character and 
relative proportions of the components. The molecular condition of 
the dissolved iodine is probably not the same in each of the saturated 
solutions, in which case the results obtained will not be of the simplest 
possible character. In the case of solutions of iodine in carbon disul- 
phide, it has been shown by Jakowkin ( Zeit. physikal. Chem., 1895, 18, 
585) that with increasing concentration the iodine forms molecules of 
greater complexity than those which are present in the more dilute 
solutions. This shows itself ina gradually increasing value of the 
distribution-coefficient for the system carbon disulphide—water 
with increasing iodine concentration. It may be inferred from this 
that if the solution of a third substance in a liquid mixture is to 
serve as a means of investigating the character of such composite 
liquids, the concentration of the dissolved substance should be small. 
Moreover, the concentrations attained in some of Bruner’s experiments 
are so large that the simple laws which hold good for dilute solutions 
are not even approximately satisfied. Determinations of the solu- 
bility of gases in liquid mixtures offer, no doubt, very suitable 
conditions for the investigation of the problem, but only few 
experiments have been carried out in this direction. The solubility 
of carbon dioxide and of hydrogen, oxygen, and carbon monoxide in 
mixtures of ethyl alcohol and water has been investigated by Miiller 
(Ann. Phys. Chem., 1889, |iii], 37, 24) and by Lubarsch (ibid, 
524), and Just (Zeit. physikal. Chem., 1901, 37, 342) determined 
the solubility of the first gas in several different mixtures of organic 
liquids. 

The experimental work involved in the determination of the 
solubility of gases is, however, not nearly so simple as when solid 
substances are under investigation. Instead of carrying out solubility 
determinations of gases in liquids, the ratio of distribution of sub- 
stances between practically non-miscible liquids may be investigated. 
The laws regulating this distribution are well known to be of the 
same simple character as those which regulate the absorption of gases 
by liquids. If one of these liquids, for example, water, is taken as 
standard, then various organic liquids, or mixtures of these in different 
proportions, may be taken as the second non-miscible medium. The 
third substance may then be added in such quantity to the two liquids 
that the resulting solutions are comparatively dilute, whereby the 
complications introduced by dealing with concentrated solutions are 


avoided. 
In this paper, the author has investigated the distribution of iodine 
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between liquids composed of organic solvents in different proportions 
on the one hand, and water on the other, the organic solvents 
employed being carbon disulphide, benzene, toluene, chloroform, 
carbon tetrachloride, and light petroleum.* Two difficulties present 
themselves in connection with the accurate determination of the ratio 
in which iodine distributes itself between water and organic solvents 
such as have been used in this investigation, the first of these being 
caused by the great disparity between the concentrations in the two 
solvents, and the second by the very small concentration of iodine in 
the water layer when the other solutions are sufficiently dilute. If 
the two liquids do not separate completely from each other on stariding 
so that traces of the one remain suspended in the other, the enormous 
difftrence of the two iodine concentrations will give rise to consider- 
able errors, in addition to which the small quantity and volatility of 
the iodine in the water Jayer make an accurate determination of ita 
concentration somewhat uncertain. These sources of error have been 
avoided by the use of a solution of potassium iodide instead of pure 
water. It has been shown (Jakowkin, Zeit. physikal. Chem., 1896, 20, 
19; Dawson, Trans., 1901, '79, 238) that the formation of potassium 
tri-iodide takes place in a solution containing iodine and potassium 
iodide, and that the components of the solution are in equilibrium 
with one another as represented by the equation 


KI+I, = KI, 


If one gram-molecule of iodine (as measured by titration with 
sodium thiosulphate) is contained in v litres, and x is the fraction of 
this iodine which is uncombined, and if further a molecules of 


a-l+a2 2 


potassium iodide are contained in volume v, then ’ and 


—2x ‘ , i 
oe represent respectively the concentrations of potassium ivudide, 


free iodine, and potassium tri-iodide. Applying the law of mass 
action to the dissociation equilibrium, we obtain for the equilibrium 
constant : 
_ (a-1+zx)e 
~  o(1—2) (1). 
Experiments have shown that if the solutions are not too concen- 
trated the value of X remains constant. 
It is obvious that if the value of the constant X is known accurately 
for a given temperature, the above equation will enable us to calculate 


* The experiments described were carried out two years ago, publication having 
been deferred by reason of the author’s desire to extend the observations. This has 
not been possible, and the results obtained are now communicated. 
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the value of « if a and v are known. In other words, it is possible 
to calculate the concentration of the free iodine in any solution of 
iodine in potassium iodide if the concentrations of the total iodine 
and the potassium iodide are known. Since it is only the uncombined 
‘jodine in the aqueous solution which determines directly the resultant 
state of equilibrium between the iodine dissolved in the two non- 
miscible liquids, this calculation will give the factor which is to be 
used for the aqueous solution in the deduction of the value of the 
distribution-coefiicient. ‘ 
In order to determine the value of X for the iodine-potassium 
iodide solution for the temperature 15°, at which all the experiments 
were carried out, preliminary measurements of the ratio of the dis- 
tribution of iodine between pure water and some one non-miscible 
solvent were necessary. Carbon disulphide was chosen, this solvent 
having already been used at higher temperatures by Berthelot and 
Jungfleisch and by Jakowkin. Conductivity water was used in the 
experiments, and the carbon disulphide employed was distilled 
successively over lime, mercury, corrosive sublimate, and copper, its 
odour after this treatment being decidedly ethereal. Thirty c.c. of 
carbon disulphide, 300 c.c. of water, and a quantity of resublimed 
iodine were introduced into a stoppered separating funnel and the 
latter immersed in a thermostat at 15°. After repeated shaking of the 
contents of the funnel, the latter was allowed to stand for an hour in 
the thermostat. The two layers were then separated, and the con- 
centration of the iodine in each determined. The following numbers, 
representing grams per litre, were obtained in three experiments, the 
values of the distribution-coefficient being appended in the third 


column : 


Distribution- 
Concentration in water. Concentration in CS,. coefficient. 
c. é. e'/c. 
0:04516 27°85 616°8 
0°04856 30°09 619°6 
0°04857 30°31 624:0 


Mean 620 


This mean value of the distribution-coefficient has been used for the 
calculation of the equilibrium constant ZX at 15°. Approximately 
equal volumes of carbon disulphide and 1/10 potassium iodide were 
shaken together after addition of a small quantity of iodine, and 
the iodine concentration in the two layers determined as before. 
In the following table, c is the iodine concentration in the aqueous 
layer in grams per litre, c’ that in the carbon disulphide, and wv the 
volume (in litres) of aqueous solution containing one gram-molecule 
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of iodine. The concentration of the uncombined iodine in the 


U 


aqueous solution cx is obviously equal to 50 and the degree of dis- 
F’ 

620¢ , 

has no influence (apart from the purely chemical action) on the iodine 

distribution, and this is very approximately the case since the solution 

is only one-tenth normal in regard to potassium iodide. The following 

numbers were obtained in two experiments : 


sociation x to , if it is assumed that the dissolved potassium iodide 


, 


C. . v. ee. 2. KE. 
2°154 14°89 117°8 0:02402 0°01115 0:001033 
3°832 28°65 66°2 0:04621 0:01206 0:001038 


Mean 0°001035 


The value of the equilibrium constant having been determined in 
this manner, the concentration of the uncombined iodine in any 
aqueous solution can be calculated. 

In all the experiments, the concentration of the potassium iodide 
solution was one-tenth normal, and, except in one case, the concentra- 
tion of the iodine in the aqueous solution was contained between the 
limits of 2°154 and 3°832 grams per litre, which were the con- 
centrations used in the above experiments for determining the value 
of K. 

It may be noted that the value of 2 is very small in comparison 
with (a—1), and in consequence: equation (1) may be written in the 
simpler form 

ae 
a+ Kv-1 

The concentration of the uncombined iodine in the aqueous solution 
s therefore given by 

ed cKv 
a+Kv-1 


or since 
K = 0°001035, cv = 253°7, and a= = 
x= 02625 (gy 
0:1010 v—1 , 
By means of this last equation the concentration of the uncom- 
bined iodine in the aqueous solution can be at once calculated from 


the concentration (- ) of the total iodine as measured by titration 


with sodium thiosulphate. The corresponding concentration in the 
organic solvent c’ having been determined, the ratio of distribution 
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U 


of the iodine is given by k= ©. If in the different experiments 
ca 


the value of cx remains constant, the experimental conditions are 
practically the same as when the solubility of a gas under constant 
pressure is investigated. 

Mixtures of benzene and carbon disulphide were first subjected to 
investigation, and the values of the distribution-coefficient for the 
simple liquids alone having been determined, the coefficients for 
liquids containing the components in different proportions were 
measured. Thirty c.c. of V/10 potassium iodide solution and 25 c.c. of 
benzene were shaken together after addition of a certain quantity of 
iodine. In a second experiment, 20 c.c. of benzene and 5.c. of carbon 
disulphide were employed ; in a third, 15 c.c. of benzene and 10 c.c. 
of carbon disulphide, and so on. In all the experiments, the same 
volume of potassium iodide solution, and, except in a few cases, the volume 
of the organic solvent, was 25 c.c. Since the capacity of the vessel 
was only about 60 c.c., very little space was available for vaporisation, 
and even in the case of the most volatile liquid used change of volume 
from this cause could be entirely neglected. 

In the following tables, the first column contains numbers repre- 
senting the composition of the liquid mixture employed; these 
numbers express the percentage volume of the one liquid in terms 
of the sum of the volumes (before mixing) of the two liquids which 
form the mixture. The small changes of volume which take place on 
mixing have therefore been neglected. No account, moreover, has 
been taken of the changes in volume resulting from the mutual 
solubility of water and the organic solvents. In all the cases 
investigated, the reciprocal solubility is so small, however, that errors 
in the estimation of the composition of the liquid mixture arising from 
this cause are probably negligible. The letters c, c’, cx, and & in the 
next four columns have the significance already ascribed to them. 
Under k’, the value of the distribution-coefficient for the liquid 
mixture, as calculated from the coefficients for the simple liquids 
according to the simple law of mixtures, is given. If kg and k denote 
the distribution-coefficients for the component liquids, and if the 
mixture contains a volumes per cent. of the solvent for which the 
coefficient is kg, then k’ is obtained from the formula 


_ tha + (100 —a)ky 
100 


In the last column, the percentage difference‘between the values of 
k and k’ is given, 


k 
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a 


Composition. | ¢. cx. k. Rk’, 
| | 
| 
| | 
Benzene and carbon disulphide. 
100 per cent. benzene ...| 3°819 18°38 | 0°04598 | 399°9 — 
100 ¥ - -| 3°134 14°62 | 0°03658 | 399°8 _— 
86°2 _,, 5 | 3°061 15°90 | 0°03559| 446°6 430°1 
60 ” mn ...| 2°968 17°76 | 0°0336 528°5 487°9 
50 Pe oe vee| 8°115 20°02 | 0°03633| 551°1 509°9 
40 a * | 2°995 19°78 | 0°08475| 569°3 531°9 
40 os aa ...| 3°134 20°80 | 0°03658 | 568°5 531°9 
20 ss ‘ os] 2°957 20°69 | 0°03425| 604°3 576°0 
20 “ a vs] 2°925 20°41 | 0°03382} 603°6 576°0 
0 ”? 29 = —_ —_ <— 620°0 _ 
Toluene and carbon disulphide. 
100 per cent. toluene ...| 2°887 | 15°88 | 0°03382| 461°7 — 
100 Po is 2°925 15°55 | 0°03382 | 460°9 _ 
60 a ‘a 2°957 19°04 | 0°03425 | 556°0 524 8 
40 ie bei 2°854 19°44 | 0°08921 | 590°9 556°5 
40 - - 2°906 19°89 | 0°08357 | 591°6 556°5 
—— im 2-786 | 19°90 | 0-03202| 621°5 | 588°3 
20 ‘is me 2°890 | 20°56 | 0°03336 | 616°2 588°3 
0 » - cae ies _ 620°0 sil 
Benzene and toluene. 
100 per cent. benzene...... | —- | — _— 399°8 _ 
i ae sania | 3°262 16°32 | 0°03829 | 426°4 424°4 
40 me os .. «| 8°150 16°14 | 0°03679 | 438°6 436°7 
. «# ieee ae | —- | — — 461°3 = 


100 per cent. benzene...... 
80 


hl? eee 
os 
- « 

0 » 


Carbon disulphide and light pe 


100 per cent. CS, 
80 


99 


60 - 
40 9 
aa 


0 » 


Benzene and light petroleum. (B. p. 83—85°). 


99 tte eee 


3°352 
3°890 
3°239 
3°166 
4°593 


99 Pt ewes 


12°02 
9°970 
5°262 
2°876 
1°886 


0°03953 
0°04697 
0°03799 
0°03700 
0°05731 


0°03597 
0°04024 
0°03892 
0°04142 


troleum. 


399°8 
3042 
212°2 
138°6 
7747 
32°9 


326°4 
253°1 
179°6 
106°3 


100° 
0; 


(B. p. 83—85°). 


620 


- 415°1 


262°8 


156-2, 


78°1 
82°9 


% 
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a , , k +s. Kk’, 
Composition. ¢. 6. CX. &. ¥. 100 


Carbon disulphide and chloroform. 


100 per cent. CHC], ..... _— _ 7 = 120°7 = _ 
80 ” Sac eed ead 3°471 7°711 | 0°04112 | 187°5 220°6 |-15°0 
60 = * sg-ese] Ole 10°99 | 0°03986 | 275°8 320°4 15°9 
50 ‘6 ay. tender 3°414 13°11 | 0°04033 | 324°9 370°3 12°3 
40 w oe) Reta 3°051 13°56 | 0°03547 | 382°3 420°3 9°0 
20 os i) hans 3°265 19°14 | 0°03832 | 499°6 §20°1 3°9 

_ iD Tk. pa ses ate 620°0 on —_ 
Chloroform and benzene. 

100 per cent, CHCl, ...... _ _ —_ 120°7 _ — 
80 9 ae 3°141 5°640 | 0°03666 | 153°8 176°5 |-12°9 
60 i oa epee 3°599 8°231 | 0°04289 | 191°9 232°3 17°4 
50 ‘“ sa apnea 3°246 8°356 | 0°03808| 219°5 260°2 15°6 
40 és sa) -Saedae 3°150 9°230 | 0°03679 | 250°9 288°2 12°9 

a es a “a - |oee] — _ 
Carbon tetrachloride and carbon disulphide. 

100 per cent. CCI, ......... | 3°681 3 631 | 0°04404 82°4 _ _ 
80 “é ar centers 3°070 4949 | 0°08573 | 138°6 189°9 |-27°0 
60 ” ie witeeeeas 3°210 8°305 | 0°03758| 221°0 297°4 25°7 
40 & a. épeaenion 2°817 | 10°58 0°03243 | 326°3 404°9 19°4 
25 + sa tonsctost See Tae ee 0°03985 | 428°6 485°6 11°7 
0 ” bi Saaegsee | _ — _ 620°0 — = 

Carbon tetrachloride and toluene. 

100 per cent. CCl, .........) — _ _ 82°4 _ — 
80 a ‘5. eashensen 2°880 4°695 | 0°03324;} 141°2 158°2 .-10°7 
60 ‘ st Header 2°845 6°821 | 0°03278| 208°0 233°9 lll 
40 eT of pepaeads 3°214 | 10°53 0°03762 | 279°9 309°7 9°6 
25 ie a enanaes 2°655 | 10°53 0°03033 | 347°1 366°6 © 5°4 

0 a ia - Sanecelee — _ _— 461°3 —_ se 


The organic solvents employed in the above experiments were puri- 
fied by distillation. The light petroleum was obtained by repeated 
distillation of a large volume of light petroleum, the fraction used dis- 
tilling between 83° and 85°. Its employment arose from a desire to 
ascertain the behaviour of a fatty hydrocarbon towards an aromatic 
hydrocarbon, and although not consisting of a definite chemical com- 
pound, the results obtained agree probably very closely with those 
which would have been observed if pure heptane had been used. 

It may be noticed that the concentrations of the iodine in the organic 
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solvents in no case exceeded 20 grams per litre, so that only dilute 
solutions have been under investigation. The concentration of the free 
uncombined iodine in the aqueous solution is always less than 0°05 gram 
per litre, and, with one exception, the concentrations lie between 0°033 
and 0°046 gram per litre, so that the concentration of the iodine in the 
aqueous layer is practically constant. 

In the case of most of the liquid mixtures investigated, the observed 
value of the distribution coefficient (&) is less than the value (f’), cal- 
culated from the mixture rule; in other words, the proportion of 
iodine in the mixture relative to that in water is less than that calcu- 
lated on the basis of the rule of mixtures from the relative proportions 
in the simple solvents under similar conditions. This result obviously 
corresponds to the results generally obtained in previous experiments 
on the solubility of substances in liquid mixtures. For mixtures of 
carbon disulphide and benzene, and of carbon disulphide and toluene, 
on the other hand, a higher value is found experimentally for the 
distribution coefficient than that calculated in the above described 
manner. Finally, for mixtures of benzene and toluene, the observed 
and calculated values of the distribution-coefficient agree within the 
limits of experimental error. In this case, the two components of the 
mixture exert an influence on the property under investigation the 
magnitude of which can be estimated from the behaviour of the two 
liquids when investigated separately. On account of the comparatively 
small difference between the distribution-coefficient for benzene and 
toluene,it is not possible, however, to determine very accurately to what 
extent the two liquids exert no influence on each other. The different 
behaviour of mixtures of carbon disulphide and benzene, and of carbon 
disulphide and toluene, as compared with the other mixtures invest- 
igated, is noteworthy, for here we meet with relationships which have 
not been previously observed, except in Just’s preliminary experiments 
(Joc. cit.) on the solubility of carbon dioxide in mixtures of benzene and 
benzyl chloride, and of nitrobenzene and amy] alcohol. 

The percentage difference between & and X’ for these two liquid mix- 
tures is, however, comparatively small, and at corresponding concentra- 
tions is practically the same in the two cases. Much greater differences 
between the observed and calculated values of the distribution-coefii- 
cient are exhibited by the remaining mixtures where kX’ is greater than 
k, a difference of nearly 50 per cent. being found in the case of a mix- 
ture of carbon disulphide and light petroleum. 

Inspection of the tables shows further that the maximum percentage 
difference between the values of k and k does not in general corre- 
spond to a mixture containing equal volumes of the components, but 
toa mixture containing considerable excess of the liquid with the smaller 
distribution-coefficient. This is very clearly seen in the case of a mix- 


a i—_— — <<. 
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ture of carbon disulphide and chloroform, where the maximum devia- 
tion corresponds to the mixture of chloroform 80 per cent., and carbon 
disulphide 20 per cent. In other words, the deviations from the simple 
mixture rule are greater when a small quantity of liquid with a high 
solvent power is added to a considerable quantity of a liquid with a 
small solvent power, than when a liquid of small solvent power is added 
in small quantity to a considerable volume of a liquid of high solvent 
power. In the case of two liquids with approximately equal solvent 
powers, this maximum deviation is to be found in mixtures containing 
the components in approximately equal proportions by volume. 

In the accompanying diagram, the distribution-coefficient %, which 
measures the solvent power of the organic solvent, is plotted as 
a function of the composition of the mixture. The percentage by 
volume of the components is marked off on the abscissa, and the 
ordinate represents the distribution-coefficient. A series of continuous 
curves is thus obtained. For mixtures of carbon disulphide and benzene 
or toluene the curve is above the straight line joining the end points, 
for benzene and toluene the experimental curve and straight line are 
practically coincident, and for the other mixtures the curve lies below 
the line. The values of Xk’ given in the tables are obviously represented 
by points on the straight lines joining the end points of the curves. In 
no case do the above curves exhibit maxima or minima. 

Minimum solubilities in the case of mixtures of ethyl alcohol and 
water have, however, been observed for hydrogen, oxygen, carbon mon- 
oxide, and carbon dioxide (Miiller, Lubarsch, Joc. cit.), each of these 
gases being least soluble in a mixture containing about 28 per cent. 
alcohol. It is, however, probable that interaction between the com- 
ponents takes place in this case. Nearly all the properties of alcohol- 
water mixtures give evidence of this. Dilute alcohol of the above 
composition is also characteristic in regard to the specific heat, the heat . 
development on mixing the components, and the surface tension, all 
these properties showing maximum deviation from the values calcu- 
lated on the basis of the rule of mixtures at approximately this concen- 
tration. The supposition is further confirmed by the freezing point 
measurements of Mihaly (Zeit. physikal. Chem., 1897, 24,13) who 
observed that addition of small quantities of water to benzene contain- 
ing dissolved alcohol raises the freezing point of the henzene solution. 

It seems possible that maximum or minimum solvent powers may be 
conditioned by some interaction of the components whereby new 
molecular complexes are formed. If the formation of complex mole- 
cules from the components does not take place, and this is improbable 
in the case of the liquid mixtures investigated in this paper, then such 


. Maxima or minima are scarcely to be expected. 


The results obtained in this paper indicate that the solvent power 
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Ratio of distribution of iodine between water and binary organic liquid mixtures, 
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of mixed liquids, the components of which are probably without any 
action on each other, is generally smaller than the sum of the solvent 
powers of the two components when taken in the quantities in which 
they are present in the mixture. In some cases, however, the solvent 
power of mixtures has been found equal to or greater than that of the 
components separately. 


Addendum. 


Since this paper was communicated to the Society, the results of an 
investigation of the solubility of carbon monoxide in binary organic 
mixtures by F. W. Skirrow have appeared in the Zeitschrift fiir 
physikalische Chemie (1902, 41, 139). 

Whilst for the great majority of liquid pairs investigated the 
solvent power of .the mixture is less than that corresponding to the 
simple mixture rule, yet, as in the above investigation, exceptions to 
this have been observed. Moreover, several instances of mixtures 
have been met with which have a greater solvent power than either 
of the components, and it is shown that, in some cases at any rate, 
such pairs of liquids exhibit a minimum value of the surface-tension. 
The maxima and minima do not appear, however, to correspond to 
mixtures of the same percentage composition, and it is quite possible 
that both phenomena are due to one and the same cause—the forma- 
tion of new molecular complexes in the liquid mixture. 


THE YORKSHIRE COLLEGE, 
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CXI.—The Influence of Solvents on the Rotation of 
Optically Active Compounds. Part IIT. Influence 
of Benzene, Toluene, o- Xylene, m-Xylene, p-Xylene, 
and Mesitylene on the Rotation of Ethyl Tartrate. 


By T. S. Parrerson. 


In two previous papers (Trans., 1901, ‘79, 167, 477), the effects of five 
monohydric alcohols and also of water and glycerol in modifying the 
rotation of ethyl tartrate dissolved in them have been described, and 
an attempt has been made to account for the behaviour observed by 
assuming a connection between the molecular-solution-volume of the 
ethyl tartrate and the asymmetry of the molecule in solution, the 
value of the former depending, it was supposed, on the internal 
pressure of the solvent, whilst the latter, of course, conditions the 
rotation. The results obtained, so far as they went, appeared to 
VOL, L¥XXI. 4D 
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justify these assumptions, which, however, can scarcely be regarded as 
general until data for several other series of solvents have been 
obtained. The present paper records experiments which have been 
undertaken in order to supply the necessary figures for benzene and 
some of its homologues. The manner of carrying out the experiments 
was the same as that previously described, but the accuracy obtained 
was, it is hoped, somewhat greater, especially in the density deter- 
minations. 

The specific rotation of each solution prepared has been observed at 
several different temperatures ; from the figures * obtained, rotation- 
temperature curves t have been plotted, from which, in turn, the specific 
rotation for each solution at 20° has been deduced. Fig. 1 (p. 1099), 
which is drawn by plotting the latter ,values relatively to concen- 
tration, therefore shows at a glance the manner in which each different 
solvent influences the rotation of the dissolved ethyl tartrate. 

By following the uppermost curve from right to left, it will be seen 
that the addition of benzene to ethyl tartrate has the effect of 
gradually lowering the specific rotation of the latter from +7:76° 
(pure ester) to +6°54° (p= 75:2) and +6:17° (p=50). Benzene in its 
influence so far is therefore similar to propyl alcohol, csobutyl alcohol, 
octyl alcohol, or glycerol, each of which exerts at first a depressing 
influence on the rotation of the ethyl tartrate. Here, however, as in 
these other cases, the influence of the solvent is not constantly to 
produce the same effect. The asymmetry of the molecule apparently 
diminishes as increasing quantities of the solvent are added, but after 
a certain concentration has been reached the influence of the solvent 
is reversed, the asymmetry of the dissolved molecule again increases. 
In benzene from +6°17° (p=50), the specific rotation rises to +6°53° 
(p=25) and +6°74° (p=10), so that a concentration of minimum 
rotation exists for solutions of ethyl tartrate in benzene when p=55 
at 20°. 

As has already been remarked, several similar instances have been 
observed, but in other liquids in which minimum rotations occur it 
has either been found that the influence of the solvent appeared to 
have reached its maximum at a concentration of about p= 10—that is, 
further dilution produced no proportionate effect on the specific 
rotation—or else that the influence of the solvent, after the con- 
centration of minimum rotation had been passed, remained of the 
same kind up, at least, to the greatest dilution investigated. 

With the liquids under consideration, however, a different behaviour 
is observed ; a new phenomenon presents itself in the shape of a 
second reversal in the influence of the solvent. The specific rotation 


* The actual figures will be found at the end of the paper. 
t These curves are not reproduced here as they show no very striking peculiarities. 
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Fic. 1.—Relationship of specific rotation and concentration and of molecular-solution 
volume and concentration at 20°. 
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of ethyl tartrate in benzene having reached the value + 674° (p= 10) 
falls to + 6°58° (p=5), to +6°27° (p= 2°52), to + 6'23° (p= 2°04), and 
to +6:21° (»=1-:001), and the curve therefore has apparently both a 
minimum (py=55) and a maximum (y=12) value at concentrations 
between p=0 and p=100. 

This behaviour is very remarkable, and, so far as I am aware, 
nothing similar has hitherto been recorded. It indicates the occurrence 
of interesting changes in the molecular constitution of the solutions 
or in the effect on the ethyl tartrate molecule of the internal forces 
of the liquid, and encourages the expectation that if the mechanism of 
rotation in solution can be satisfactorily explained for a few solutions 
polarimetric examination may in future be used for tracing the 
properties, not perhaps of very dilute solutions on account of the 
comparatively large errors incidental to the measurement of rotation, 
but of concentrated ones which cannot be investigated by the methods 
at present at our disposal. 

' Since, however, in the case of benzene, the second reversal occurs 
in solutions already fairly dilute, the accurate investigation of the 
phenomenon becomes somewhat difficult. When, as in the case of gly- 
cerol, for instance, a concentration of minimum rotation exists in solu- 
ions sufficiently strong to allow of accurate observation, it is not difii- 
cult to determine fairly definitely the exact concentration at which 
minimum rotation occurs, and also to trace the effect of further 
dilution so as to arrive at, a sufficiently good estimate of the value of 
the rotation at infinite dilution. It isa much more difficult problem 
to trace out the course of an unexpected phenomenon which only 
occurs in dilute solution, and therefore it has been found necessary, in 
order to be as sure as possible of the facts recorded, to examine a 
greater number of solutions than was originally anticipated ; in fact, 
the research has practically been carried out twice. For this reason, 
the solutions were not actually examined in the order in which the 
results are recorded. In most cases, after several solutions had been 
examined, the values obtained for the specific rotation were of such a 
nature as to demand the investigation of other solutions of inter- 
mediate concentration before a curve could be drawn with any cer- 
tainty. It must also be pointed out that in these experiments, at 
least in those with dilute solutions, the capabilities of the polarimeter 
used have been carried to the utmost extent on account of the small- 
ness of the values of the observed rotations ; a 5 per cent. solution of 
ethyl tartrate in m-xylene in a 400 mm. tube gives, for instance, a 
rotation of only +25’, so that any error is considerably multiplied in 
calculating the specific rotation. It will be well therefore to describe 
at least one of the series of experiments in somewhat greater detail 


ROTATION OF OPTICALLY ACTIVE COMPOUNDS. PART II. 1101 


in order that.a judgment may be formed as to what extent the curves 
drawn are influenced by experimental error. 

The curve for benzene is probably the most accurate, since the 
number of solutions examined was greater than in the other cases, and 
since also the observed rotations are higher, but at the same time it 
must be mentioned that Purdie and Barbour (Trans., 1901, '79, 974) 
have recorded three observations for ethyl tartrate in benzene which 
do not agree with the curve in Fig 1. The figures are :— 

[a]. 

p. Purdie and Barbour. Patterson.* 
211 6:12 6°60 
10°7 6:29 6°73 

5°6 6°75 6°60 


The curve for toluene is apparently very similar to that for 
benzene ; it lies completely below the latter; toluene has the more 
pronounced effect in lowering the rotation of ethyl tartrate. A 
minimum rotation is well marked here also, but it lies at a greater 
dilution—about p= 30. The curve in dilute solution seems to show the 
same peculiarity as the benzene one, namely, the existence of a 
maximum rotation and a sudden diminution in rotation in solutions 
of less concentration than p=5; but it is hardly possible to speak 
with certainty on these points, since the difference between the 
rotations of a 5 per cent. and a 2 per cent. solution is so small—only 
0°25°. 

In the case of o-xylene, the ethyl tartrate used had the rotation 
ay = +8°'933°. The first solution examined (p=5) showed a specific 
rotation of +3:94°. That of the next (y=10) was practically 
identical, +3°92°, from which it might be concluded that the 
maximum influence of the solvent is reached at concentration p=10, 
and that the specific rotation in the more dilute solutions remains 
constant. To determine this point, a p=2 solution was examined. It 
gave the rotation +3°28°, whilst for py=25 the value +3°67° was 
found. Both these figures are lower than the first two, but since 
the differences are not great, and not very much beyond the limits of 
possible experimental error, this result, instead of really indicating a 
maximum value for the rotation between p=5 and p=10, might 
merely be due to alteration either in the ethyl tartrate or in the o-xylene 
in the interval between the carrying out of the experiments. The 
rotation of the ethyl tartrate was therefore determined again, with 
the result af“ = +9°163°. This, from the temperature-rotation curve 
for the pure ester, is found to correspond exactly to +8°993° at 17°, 
so that no appreciable change in the rotation of the ethyl tartrate had 

* Interpolated. 
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taken place. The solutions of »=50 and p=75 were next examined, 
and gave the values +4'50° and +5°71°. Then a second p= 2 solution 
was prepared. Its specific rotation at 20° was +3°4°, which is as 
close as can be expected (the observed rotation for 400 mm. is only 
+14’) to the former figure, + 3°28°. The last solution examined was 
that for which p=7'8. Now if the low rotations of the p=2 and 
p=25 solutions were due to decomposition or other similar causes, it 
was to be expected that this one would also give a low rotation. The 
figure obtained, however, was + 3°98°, distinctly higher than for p=2, 
slightly greater than those for p=5 and p=10, and just that which 
might be expected from the general trend of the other figures. 
Finally, the ethyl tartrate was again examined—the experiments 
described having occupied about three weeks—and the value 
ay” = +9°001° found, which is practically identical with the value 
+3°01° for the same temperature deduced by interpolation from the 
other two determinations. 

The o-xylene curve then resembles closely the curves for benzene 
and toluene, except that it is depressed a little below them. There 
is a minimum rotation (at 20°) at about p=25, and a maximum at 
p=T5. 

With the other solvents, the experiments were carried out in a 
similar manner. Two p=5 solutions were made up with m-xylene 
from different specimens of ethyl tartrate; the results, +3°45° and 
+3°40° agree closely, whilst the rotation of a p=2 solution is just 
slightly less than that for one of p=2°4, the values being +2°50° and 
+2°78°. The curve for m-xylene then resembles that for o-xylene, 
but here the minimum and maximum rotations have approached very 
close to each other, although they are still distinguishable. 

The p-xylene curve is again of a similar nature to the others, the 
rapid diminution of rotation in dilute solution being very distinct, 
but the gradual modification in shape which takes place in passing from 
one solvent to another has now resulted in the disappearance of the 
minimum and maximum rotations and the substitution of a point of 
inflection only. One advantage of this is that since the course of the 
curve is now of a simpler character, it is, according to what has been 
said above, much easier to trace it from the experimental results; the 
figures found for dilute solutions have only to determine a slight 
alteration in the direction of the curve, no complete change depends 
upon them. Consequently an estimate of the value of the specific 
rotation at infinite dilution in this case would probably, in spite of the 
lower rotations, be more exact than a similar estimation for toluene, 
for instance, 

There can be little doubt then that in p-xylene the rotation 
diminishes very rapidly in dilute solution with increasing dilution, 
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and the behaviour of mesitylene solutions is even more decided in this 
respect, as is seen in the change from the rotation +0°86° for p=5 to 
—1:38° for p=2, a very considerable alteration of rotation from a 
positive value to a perfectly distinct negative one within narrow 
limits of concentration. Now, from the general appearance of the 
curves, the influence of the solvents is due to a cause common to all, 
but with slight individual modifications, and therefore if in p-xylene 
and mesitylene we can be sure of the sudden diminution of rotation in 
dilute solution, we have a good a priori reason for expecting a similar 
behaviour in the other solvents. We can use the p-xylene and 
mesitylene curves as furnishing corroborative evidence as to the shapes 
of the others where corroborative evidence is most wanted, namely, where 
the dilution is great. For the reasons which have already been 
mentioned, such as smallness of observed rotation, &c., it would be 
difficult to speak with any certainty regarding the phenomena under 
discussion were only one curve at our disposal, say that for o-xylene or 
even benzene, but since all the curves taken together show a striking 
analogy, and since it is highly improbable that errors of experiments 
should be made with each solvent in exactly the same manner and of 
just the same kind, we may accept the curves shown in Fig. 1 as 
reliable representations of the behaviour of these solutions, and con- 
clude that the points of maximum rotation which occur in the first 
four actually exist. 

Perhaps this subject may appear to be too much dwelt upon, but it 
is one of considerable importance and interest. In Part I of this 
investigation (Trans., 1901, '79, 192), the suggestion has been put 
forward that in those solvents in which ethyl tartrate shows a 
minimum rotation its molecular-solution-volume probably has a 
maximum value at the same concentration, since it has been shown 
that high rotation in ethyl tartrate is accompanied by small 
solution-volume, and vice-versd. Owing, then, to the gradual lessening 
of the internal forces as concentration increases, the molecular- 
solution-volume of the dissolved ester also increases, whilst the 
rotation diminishes. After a certain concentration has been reached, 
however, the internal forces become again slowly greater, and the 
other consequent changes are reversed. 

If, now, a similar explanation applies in the more complicated case 
of the existence of both a maximum and a minimum rotation, it must 
follow that the volume of the ethyl tartrate, dissolved in benzene for 
example, gradually diminishes from its value at infinite dilution until 
it reaches a minimum at the concentration of maximum rotation, then 
gradually increases to a maximum at the concentration of minimum 
rotation, and finally decreases again to the value for the molecular 
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volume when p= 100; but no proof that these changes take place can be 
adduced. 

In this connection, there is a very interesting passage on p. 982 of 
Purdie and Barbour’s paper, already referred to. Dealing in general 
with the question of the relationship of molecular-solution-volume and 
rotation, the authors express themselves as follows: ‘‘ When the 
volume, and therefore the shape, of an asymmetric molecule is altered 
by the action of a solvent, no doubt the value of all four coefficients 
will undergo change, but one of these will probably be more subject 
to the action than the others. A progressive change of molecular 
volume, whether caused by change of concentration or by the action 
of a succession of different solvents, might therefore result in a 
periodic change of rotation. This may possibly account for what 
seems to be a common phenomenon, the occurrence, namely, of a point 
of minimum rotation in the concentration-curves of solutions of active 
compounds.” 

This passage, although it apparently meets the present case, seems 
to me to confuse two contradictory ideas, for we must surely hold 
either (1) that the progressive change produced in the molecule of an 
active compound by the action of a succession of different solvents is 
of just the same kind as that produced by change of concentration in 
any one solvent, or else (2) that it is possible for the molecular-solution- 
volume to have the same value in two different solvents (at the same 
temperature), but that whilst in the first the rotation is \due to the 
preponderance of one coefficient, in the second it is chiefly influenced 
by a different coefficient. 

Now if the former of these assumptions be true, then since the 
specific rotation of ethyl tartrate varies progressively (at infinite 
dilution) from + 26° in water to —2° in mesitylene, whilst the 
molecular-solution-volume varies from 157 ¢.c. in the former to 177 c.c. 
in the latter solvent, we are justified in supposing that to each 
molecular-solution-volume there corresponds a certain rotation, and 
that between these limits at least the volume at the concentration 
at which minimum rotation occurs must be less than the volume at 
any other concentration in that solvent. It might be, of course, that 
could the volume (by solution in other liquids) be made smaller than 
157 c.c., the rotation, instead of increasing further, would diminish 
again or, on the other hand, if the volume were to increase beyond 
177 c.c., that the rotation would increase again. A minimum rotation 
accompanied by a constant progressive change in molecular-solution- 
volume is theréfore conceivable in the sense in which I understand 
the above excerpt, but this minimum rotation must be less than — 2°. 
Similarly, there might also be a maximum rotation which must be 


ROTATION OF OPTICALLY ACTIVE COMPOUNDS. PART Iit. 1105 


greater than + 26°, or there might occur in the same solvent even a 
periodic variation above and below these limits, but this last would 
require to be accompanied by changes in volume so great as could 
scarcely fail to be detected. 

On the other hand, if the second assumption be true, namely, that 
in different solvents the same volume may correspond to several 
different asymmetries, it is certainly possible to explain minimum 
and periodic rotation, but at the same time all immediate hope for 
the discovery of a comprehensive generality seems to vanish. 

The former of these two views is certainly much the simpler, and 
therefore in the meantime, and until it is definitely refuted, the better 
to work upon. It is difficult to see any @ priori reason why molecular- 
solution-volume should not undergo changes corresponding to the 
changes in rotation. 

In dealing with the relationship of molecular-solution-volume and 
rotation as above, logical arrangement has been sacrificed to con- 
venience, and we may turn now to a more general consideration of this 
question as applied to the solvents under discussion. It has already 
been shown that in dilute aqueous solution ethyl tartrate has a much 
higher specific rotation and a much less molecular volume than the 
free ester, and whilst the rotation diminishes with increasing concen- 
tration the volume increases. In octyl alcohol, on the other hand, the 
opposite is the case ; in dilute solution, the specific rotation is less and 
the molecular-solution-volume greater than for the homogeneous ester, 
and in the more concentrated solutions, whilst the rotation increases with 
increasing concentration, the volume diminishes, but in this particular 
instance the occurrence of a concentration of minimum rotation some- 
what complicates the phenomena. In other solvents, an analogous 
behaviour is observed, the rotation and its variation with concentration 
correspond fairly closely with the different values of molecular-solu- 
tion-volume. Now if benzene and its homologues behave in a similar 
manner, we may expect to find, firstly, that since the specific rotations 
of ethyl tartrate in benzene, toluene, o-, m-, and p-xylene, and mesityl- 
ene are all less than that of the pure ester, the molecular-solution- 
volume shall be in all cases greater than the molecular volume, that is, 
greater than 170°9 c.c.; secondly, that since in dilute solution the 
rotation decreases rapidly with diminution of concentration, the mole- 
cular-solution-volume should show, under the same circumstances, a 
somewhat similarly rapid increase ; and thirdly, that since the rotation 
in dilute benzene solution is greater than in mesitylene, the volume in 
the former solvent should be less than in the latter, whilst the volumes 
in other solvents should lie between these extremes in the inverse 
order of the rotations. 

On the lower part of Fig. 1 the values for the molecular-solution- 
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volume of ethyl tartrate at 20° in these different solvents are plotted 
relatively to concentration, and below the corresponding rotation 
curves.* Examination will show at once that the first and second of 
the expected characteristics are completely realised. Not only is the 
solution-volume always greater than 170°9 c.c., but in all cases it 
increases rapidly in dilute solution with diminishing concentration. 
In the third, however, the agreement is not so satisfactory. The 
curves for benzene and toluene lie very close together, but that for 
benzene, in opposition to what was to be expected, lies wholly above 
that for toluene, although the difference in the volumes is only very 
little. Turning to the xylene curves, it is to be noticed that all three 
lie above those for toluene and benzene, in agreement with the fact 
that the rotations in the xylenes are less than in benzene and toluene— 
in dilute solution, of course. When, however, a correspondence be- 
tween the rotations and volumes in the xylenes themselves is sought 
for, it is not to be found, or rather it is again the opposite of what was 
to be expected. The three curves lie very close together, and it 
requires rather accurate work to show that they are distinct, but 
instead of the volumes being in the inverse order of the rotations they 
are in the same order ; o-xylene, in which the greatest rotation occurs, 
shows also the greatest volume, m-xylene comes next in both respects, 
whilst in p-xylene rotation and volume are less than in the other twe 
solvents. Finally, in mesitylene the volume is greater than in any 
of the other liquids hitherto examined, corresponding with the fact 
that the rotation is smaller. 

In the table on page 1107, a number of data relative to the solvents so 
far investigated are collected together. Reference will be made to the 
other columns further on ; in the first place, attention may be directed 
to the second and third, which give respectively the values of specific 
rotation and molecular-solution-volume at infinite dilution. 

The gradual diminution of rotation with increase of solution-volume 
may be seen by comparison of these figures, but the connection 
between them is clearer from the diagram, Fig. 2 (p. 1108), in which these 
two variables are plotted relatively to each other. It will be seen that 
a very fair curve may be drawn through the majority of the points 
represented, the general appearance of which helps to confirm the sup- 
position that the relationship of rotation and molecular-solution-volume 
is not merely fortuitous. At the same time, the agreement is not 
perfect ; a number of exceptions must be recognised, and these may 
perhaps turn out ultimately to be due to the effect of constitutive 
differences in the solvents, for it can scarcely be expected that this 
factor is entirely without influence. That the results represented in 
Fig. 2 are thus affected is probable from the position of the point for 
* For calculation, see Trans., 1901, 79, 189. 
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na heat of 
> [a]> vaporisa- 
Solvent. —_|ing. diln.| tartrate | tion at 
at 20° | boiling 
inf. diln.| point. 


Capillary 
rise in tube 
1 mm. 
circumference 
in cm. 


Dielectric 
constant. 


§ I q 
157‘7c.¢. 7°502 (100°) 80* (20°) 
Methyl alcohol ... : 159°3 3°209 (64°2°) 35°9 (13°) 


Glycerol 6 |163°3 op tt 


Ethy) alcohol..... ‘1/164 

n-Propyl alcohol ‘ 157°5 
isoButyl alcohol ‘ 170°3 
sec-Octy] alcohol . 174°3 


Benzene : 175°1 3°295 (80°) 
Toluene : 174°8 2°982 (109°8°) 
o-Xylene , 176°8 2°788 (141°) 
m-Xylene : 176°5 2°788 (139°2°) 
p-Xylene........... 7 |176-1 2°783 (138°1°) 
Mesitylene . 177°4 2°565 (165°) 


* Landolt and Bornstein, Zabellen. 

t Zeit. physikal. Chem., 1895, 18, 511. 

t Chemiker-Kalendar (1900). 

§ The figures in this column are obtained from Schiff’s results (Annalen, 1884, 


228, 64) by multiplication by Eo 

|| Schiff, Annalen, 1884, 223, 64. 

{| The figures in this column are given by Landolt and Jahn (Zeit. physikal. Chem., 
1892, 10, 289), except * Landolt and Bornstein, Tabellen ; ** Drude, Zeit. physikal. 
Chem., 1897, 28, 308 ; tf Thwing, Zeit. physikal. Chem., 1894, 14, 286. 


glycerol,* which is not quite in harmony with the others. Ethyl 
tartrate (pure ester), which may be included in the diagram by con- 
sidering it as a solution in itself, in which case the molecular-volume 
becomes the molecular-solution-volume, shows a somewhat similar 
discrepancy, as is also the case with benzene and o- and p-xylene. 
There would be little object in discussing or attempting to explain 
these exceptions at present ; it can scarcely be denied, however, that, 
in spite of them, the regularity of this curve is fairly strong evidence 
in favour of that progressive change of rotation with change of 
molecular-solution-volume, irrespective of, or only slightly affected by, 
the nature of the solvent, which has been already referred to on p. 1104. 
The line joining the several points has, of course, only the same 
significance as pertains to those usually seen in diagrams illustrating, 
for instance, the periodic properties of the elements, but, if in some 
single solvent it were possible by variation of concentration actually to 


* The point for water (not shown) is still more exceptional. 
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produce a regular variation of molecular-solution-volume from 160 c.c, 
to 178 c.c., then it is not unreasonable to suppose that the con- 
centration-rotation curve would in fact have an appearance -closely 
resembling that shown above. 

Apparently, then, we are justified in attributing this variation of 
rotation to an action of the solvent rather physical than chemical,* 
but to demonstrate a relationship between rotation and molecular- 
solution-volume is merely to advance one step, there is just the same 
reason to seek for an explanation of the variations of solution-volume 


Fic. 2.—Relationship between rotation and molecular-solution-volume. 
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as there is to account for the changes in rotation. In Part I of this 
investigation, variation of solution-volume was attributed to differ- 
ences of internal pressure in the several solvents used, and it was 
shown that solution-volume and heat of disgregation (or practically 
latent heat) from which internal pressure may be calculated, show, in 
the case of the monohydric alcohols, a closely analogous variation from 
solvent to solvent. As the latent heat of vaporisation diminishes— 
that is, as the internal pressure in passing from one liquid to another 


* Proximately ; ultimately, of course, the physical properties of a solvent are 
dependent on its chemical constitution. 
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becomes less—the molecular-solution-volume increases. Column 4 of 
the table on p. 1107 will show that in this respect the behaviour of the 
benzene hydrocarbons is similar to that of the alcohols. The solution- 
volume increases whilst the latent heat of vaporisation diminishes in 
much the same manner as before, but it may be noted that here the 
changes in heat of disgregation necessary to bring about a certain 
change of rotation are smaller. The variation, both series of solvents 
included, is progressive, and we may therefore assume that the change 
of volume suffered by the ethyl tartrate is due to the operation of 
those same forces in liquids which condition the value of the heat of 
disgregation. 

Although but little is known about these forces, they probably find 
expression in various phenomena, and if a connection can be de- 
monstrated between rotation and some other property of the solvents 
which can reasonably be attributed to the same cause as heat of dis- 
gregation, it becomes all the more likely that the cause of variation of 
rotation is of a physical nature.* Surface tension is a property of 
liquids which is apparently of this character, and therefore it is of 
interest to compare the capillary constants of the solvents used with 
the values of the specific rotation of ethyl tartrate, at infinite 
dilution, in each. In column 5 of the table, the heights to which 
each of the solvents used will rise in a tube of 1 mm. circumference T 
are given, and it will be noticed that in both the series of solvents 
with which we are concerned the liquid which gives the higher 
rotation has also the greater capillarity constant. 

In the alcohol series, the capillary rise varies from 7°502 cm. in 
water to 2°775 cm. in isobutyl alcohol, and in the hydrocarbons from 
3295 cm. in benzene to 2°565 cm. in mesitylene. Thus in each 
homologous series taken by itself there is a distinct agreement between 
the numerical values of the two properties, although two solvents, one 
from each group, of almost the same surface tension, as, for example, 
methyl alcohol and benzene, do not necessarily produce the same 
rotation. If, however, instead of considering simply the capillary 
rise we compare with the rotation the relative number of molecules of 
solvent contained in the column of liquid raised (N, column 6), a 
relationship becomes apparent, which holds, not only amongst each set 
of liquids taken by itself, but which appears to be independent of the 
nature of the solvent as well. The values for methyl alcohol and 
benzene become then 59°8 and 27°3 respectively, figures which stand in 
almost the same relationship as the rotations +11°5° and +6°1° 

The connection between these two variables will be best seen from 


* As opposed to anything in the nature of chemical combination of active sub- 
stance and solvent. 
+ The capillary rise is usually given for a tube 1 mm. in radius. 
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Fig. 3, in which specific rotation is plotted relatively to N. As N 
diminishes in passing from solvent to solvent, so also does the rotation, 
and as the values of the surface tension become less, a given decrement 
in the capillary constant brings about gradually increasing decrements 
of rotation in such a way that, in general appearance Fig. 3 bears a 
considerable resemblance to Fig. 2. This would seem to show that 
both really represent the same thing ; that the same underlying cause 
is responsible for both, and that the value of molecular-solution- 
volume depends on the magnitude of the forces which find expression 


Fic. 3.—Relationship between rotation and surface tension (N). 
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in surface tension. At the same time, it may be noticed that some of 
the irregularities seen in Fig. 2 are either less marked or disappear 
in Fig. 3. Thus benzene falls better into line with the alcohols, and 
the relationships amongst the xylenes are less anomalous. 

The connection between the different physical properties of liquids 
has become somewhat clearer during the last few years. After 
Nernst had pointed out that the dielectric constantand dissociating power 
vary in an analogous manner, Briihl showed that heat of disgregation 
varies in agreement with both, and more recently Walden and 
Centnerszwer (Zeit. physikal. Chem., 1901, 39, 563, 564) have discussed 


Denression (A). 
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the distinct parallelism which exists between the dielectric constant, heat 
of vaporisation, and N. It is interesting to note that molecular- 
solution-volume and rotation (both of ethyl tartrate, of course) may 
also be included in the generalisation, since they show so close a 
correspondence with at least two of the properties mentioned, namely, 
heat of vaporisation and surface tension. 

The relationship between the dielectric constant and other properties 
of solvents, including their effects upon the rotation of ethyl tartrate, 
was referred to in a former paper, and therefore the data relative to 
this question are given in column 7 of the table on p. 1107. In the 
alcohols, the dielectric constant varies in a manner corresponding, to 
some extent at least, with the variation of the rotation of the dissolved 


Fie. 4.—Molecular weight of ethyl tartrate in benzene. Cryoscopic. 
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ester. In the benzene hydrocarbons, however, there seems to be no 
definite connection, except, perhaps, that in these liquids both dielectric 
constant and rotation have small values. 

Amongst other causes which have been suggested to account for 
the variation of rotation in solution is that of association of the 
molecules of the dissolved active substance, and although experiments 
which have already been recorded seem to show that this idea is 
untenable, the opportunity of testing it in the present investigation 
has not been neglected. Molecular weight determinations have been 
carried out in benzene both by the cryoscopic and ebullioscopic methods 
and in p-xylene cryoscopically. The experimental figures are given 
on p. 1132, and are represented graphically in Figs. 4, 5, and 6, which 
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are drawn according to a method not generally adopted but which seems 
to present some advantages. Concentrations (grams of substance per 
100 grams of solvent)* are plotted horizontally and observed elevation 
(or depression, as the case may be) vertically. Then if the molecular 
aggregation of the solute remains the same, the values for elevation or 
depression should be directly proportional to the concentration and 
must lie along a straight line, which if the association factor be =1 
will be that marked “ unimolecular,” whereas if the association factor 
be =2 it will be that marked “ bimolecular” ; a curved line indicates 


Fic. 5.—Molecular weight of ethyl tartrate in benzene. Ebullioscopic. 
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a changing state of aggregation. Again, since at infinite dilution the 
elevation must be zero, we obtain one extra fixed point through which 
the curves must pass, and are therefore able to obviate to some extent 
the relatively large experimental errors which occur in working with 
very dilute solutions, and can obtain some fair idea of the limiting 
value to which the molecular weight approximates with increasing 
dilution. 


* This is not the same thing as p, but in dilute solutions there is not much 
difference between the two. If p be plotted instead of c, the graphs for single and 
double molecules are not straight lines. 
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From the experiments by the cryoscopic method, it is apparent that 
at concentration c=10 ethyl tartrate exists in benzene solution, with 
an association factor of about 1‘8, but as the dilution increases the 
complexity diminishes and it is practically certain from the appearance 
of the curve that in very dilute solution the solute is, in spite of its 
hydroxyl groups, unimolecular. 

At the boiling point of benzene the phenomena are very similar, 
except that at any given concentration the ethyl tartrate appears to 
be associated to a rather less extent. At concentration c=10 the 
factor would be only about 1:35. In this case also, there would 
appear to be no association in very dilute solution. 

In p-xylene, the results are very much the same as in benzene. In 


Fic. 6.—Molecular weight of ethyl tartrate in p-xylene. Cryoscopic. 
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dilute solutions, the ethyl tartrate appears to be unimolecular, but as 
the concentration increases association takes place perhaps a little 
more rapidly than in benzene. 

Former experiments (Trans., 1901, '79, 182) showed that, in water, 
normal values are found for the molecular weight of ethyl tartrate up 
to concentration c=9 at least, and this was also practically the case 
for methy! and ethyl alcohols at their boiling points. It appears, 
then, that in dilute solution in water, methyl alcohol, ethyl alcohol, 
benzene, or p-xylene, ethyl tartrate is a unimolecular substance, and 
if the rotation of an active compound in solution depends merely on 
its state of molecular aggregation, all these solutions ought to give 
the same value for the rotation at infinite dilution, which is by no 
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means the case. In fact, whether we consider this question by 
comparing the degree of association in several different solvents 
with the corresponding rotations, or by comparing the variation of 
association with the variation of rotation in the same solvent as the 
concentration changes, there is no apparent connection whatever, 
a conclusion at which Purdie and Barbour also arrive from their 
experiments (Trans., 1901, '79, 978). 

Whether the ideas developed in this paper are capable of being 
extended to other active substances and to other solvents, can, of 
course, only be decided by further investigation, which is at present 
being carried out, but, from what has been said, it is evident that 
some hopes for their more extensive applicability may be entertained, 
and in the meantime a generalisation which, in its chief features, 
holds good for solvents so different in character as the alcohols and 
the benzene hydrocarbons may be regarded as at least a useful 
guide. 

Ethyl Tartrate in Benzene. 


The benzene used, which was of Kahlbaum’s best quality, prepared 
from aniline, was distilled over sodium and showed a very steady 
boiling point. Its density, relatively to that of water at 4°, was 
carefully determined at various temperatures with a pyknometer of 
23 c.c. capacity, with the following results : ; 

Temperature ...... 17°95° 25°25° 82°90° 42°65° 47°05° 58°90° 
Density ............ 0°88112 0°87336 0°86514 0°85462 0°84989 0°8367 

From these figures, the density at 20° is found = 0°87893. 

The density at 20° of other portions of the same stock of benzene 
was determined with the same pyknometer, giving d=0°87894, and 
with a larger one, giving d= 0°878924 and 0°878918. 


The mean value at 20° is therefore d = 0°878928. 


Briihl (Annalen, 1880, 200, 185) gives d=0°8799 ; Adrieenz (Ber., 
1873, 6, 442), d=0°8794; and Janovsky (quoted by Beilstein), 
d=0°8790 and 0°8789 : 


Temperature. a, (400 mm.). Density. [a]p. 
p=1°001. 
9°3° 0°147° 0°8922 4°12° 
16°2 0°195 0°8852 5°50 
24°1 0°246 0°8768 7°01 
18 0°206 0°8833 522 


ii 
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Temperature. a (400 mm. Density. | [a]. 
p= 1°35346. 
20° 0-278° 0°8819 5°80° 
29°4 0°341 0:8719 7°22 
p= 204523. 
20 0°450 0°8835 6°23 
19°7 0°448 0°8840 6°20 
14°8 0°398 0°8889 5°47 
P = 925206. 
23°6 0°606 0°8808 6°82 
16°1 0°506 0°8890 5°65 
84 0°388 0°8974 | 4°29 
45 0°863 0°8576 9°98 
30°5 0°705 0°8734 8°01 
p=3'01748. 
17 0°664 0°8890 6°19 
21°5 0°732 0°8842 6°86 
31°8 0°884 0°8730 | 8°39 
p=49965. | 
| 
18°1 1°136 0°8924 | 6°37 
8-2 0°876 0:9081 | 4°85 
54°7 1-926 0°8531 11°30 
51°5 1°853 0°8566 10°80 
45°7 1°745 0°8628 10°12 
40°8 1°656 0°8680 9°54 
30°2 1°416 0°8794 8°06 
12°5 0°978 0°8984 5°45 
p=7'5338 ap (249°6 mm.). | 
17 +1°029 0°8997 +6°08 
23°8 1°197 0°8925 7°13 
0-902 0°9049 5°30 


0°953 
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Temperature. 


p=10°0018, 
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p=174175. 


ap (400 mm.). 


Density. 


[a}S. 


3°946 
4°423 
4°918 


Gp (249°6 mm.). 


+2°997 
2°686 
3°829 
6°395 
6°094 
5°855 
3°695 
4°226 


@p (100 mm.). 


+2°752 
3°622 
2°374 
5°266 
5°054 
4°569 
2°807 
3°242 
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Densities determined : 
p=l ‘001. 


Temperature. 19°65° 21°86°  26°53° 
Density 0°88162 0°87919 0°87419 


p=1°35346. 


Temperature. 18°6°  20°85°  24°53° 
Density 0°88338 0°88099 0°87706 


Temperature. 20° 21°5° 24°22° 
Density 0°88351 0°88194 087900 


p=2°5206. 

Temperature. 19°6]° 21°66° 25°29° 34°57° 45°05° 
Density ...... 0°88501 0°88284 0°87893 0°86894 0°85764 
p=3°01748. 


Temperature. 18°1° 20°36° 24:03° 
Density 0°88779 0°88537 0°88143 


p= 49965. 


Temperature. 18°15° 28°69° 37°97° 
0°89229 0°88116 0°87111 


Temperature. 17°34° 25°31° 
Density 0°89326 0°88473 


p=7'5338. 


Temperature. 19°7° 21°35° 25°63° 
Density 0°89684 0°89506 0°89048 


p=10°0018. 

After 
experiment. 
Temperature. 17°9° 31°45° 40°07° 61°28° 17°6° 
Density ...... 0°9049 0°8903 0°8810 0°8576 0°9052 


p=10-00046. 


Temperature. 17°89° 25°03° 
Density 0°904735 0°89707 


p=17-4175. 


Temperature. 16°33° 20°70°  25°60° 
0°92531 0°92063 0°91535 


After 
experiment. 
Temperature . ‘ 82°15° 43°15° 60°60° 21°7° 
Density " 0°9284 0°9166 0°8971 0°9427 
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Densities determined (continued) : 


p= 50-004. 
After 
experiment. 
Temperature. 19°3° © 23°7° 34°5° 46°29 62°8° 22°4° 
Density 170119 1°0004 0°9879 0°9696 1°0228 
p=75°199. 


After 

experiment, 

Temperature. 20°7° 31°05° 82°63° 36°79 43°5° 60°2° 23°55° 
Density 1°1027 1°0919 170904 1°0870 1:0783 1°0608 1°0998 


Ethyl Tartrate in Toluene. 


The toluene used (obtained from the Clayton Aniline Co.) was 
shaken up with water, dried with calcium chloride, filtered into a 
distilling flask, and distilled over carefully cleaned sodium. After a 
first fraction had been removed, about 300c.c. boiling at 110°7—110°8° 
under 759 mm. pressure were collected and used in the subsequent 
experiments. 

The density of this specimen was determined with a pyknometer of 
about 31°5 c.c. capacity, with the following results : 

Temperature ...  18°77° 19°75° 21°03° 24°15° 28°65° 
Density 0°86616 0°86525 0°86406 0°86114 0°85699 

From these figures, the density d 20°/4° is found to be 0°86502. 

Another sample, used only for the more concentrated solutions, 
gave the value d 20°/4° = 0°86571. 


Landolt and Jahn (Zeit. physikal. Chem., 1892, 10, 292) found 
d = 20°/4° = 0°86579. 


Temperature. ay (400 mm.). Density. [a]¥. 
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——- 


Temperature. ap (400 mm.),. Density. [a}f. 


p= 998097. 


19°2° 
16°5 
58°9 
52°8 
40°5 
25°3 


p= 24°9946. ay (249°6 mm.). 


20 +2°701 
16°8 2°399 
43°3 4°602 
24 3°052 
31°2 3°692 


5°44 
13°46 
13°05 
12°59 
12°01 
11°50 
10°73 
10°34 
9°78 
9°30 
8°46 
5°42 
14°87 
5°11 


p=59°908. ay (100 mm. ). 


17 | +3°02 
100 | 7°54 
82°6 7°07 
75°4 6°78 
68°7 6°51 
62°8 6°25 
50°4 5°57 
45°7 5°25 
41°2 4°98 
27 3°88 
16°1 2°91 
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Temperature. @p (100 mm.). Density. [a}f. 


p = 699894, 


16'1° 
100 
86°3 
82°8 
74°8 
66°4 
554 
51 
45 } 
42 
29°3 
16°5 


Densities determined : 
p=2°005. 


Temperature. 20°72° 26°52° 31°02° _ 
Density 0°86898 0°86362 0°85941 _ 


p=5'01847. 


Temperature. 20°15° 21°16° 26°89° 37°05° 41°65° 
Density 0°87674 0°87579 0°87043 0°86080 0°85650 


p=9°98097. 


Temperature. 19°8°  22°7° 28°48° 46°10° 50°60° 
Density 0°88942 0°88670 0°88107 0°86444 0°86009 


p= 249946. 


Temperature. 21°32° 28°24° 44°9° 48°85° 
Density 0°92834 0°92165 0°90534 0°90138 


p= 49°1834. 


Temperature. 18° 27° 
Density 1°00643 0°99742 


p=59-908. 


Temperature. 20°5° 44°8° 
Density 1704092 1°01692 


p= 69-9894. 


Temperature. 19° 34° 77° 
Density 1°07931 1°06454 10213 
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Ethyl Tartrate in o-Xylene. 


The o-xylene used was obtained from Kahlbaum. It was shaken 
several times with caustic soda solution, washed with water, dried 
first with calcium chloride, then with sodium, and distilled in a 
vacuum. 

Its density was determined at various temperatures, with these 
results : 

Temperature 19°12° 22°44° 28°93° 36°34° 
Density 0°880776 0°877938 0°872521 0°866286 

From these figures, the value d 20°/4°=0°880024 is found. 
Landolt and Jahn (Zeit. physikal. Chem., 1892, 10, 292) give 
d 20°/4° = 0°88037. 


Temperature. ay (400 mm. ). Density. [a]. 


p=2°0035, 


20°7° +0°240° 
11°9 0°141 
31°3 0°355 


p=9°96165. 


15 
12°1 
17°4 
36°7 
33°6 
30 
24°9 
19 
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Temperature. 


@p (249°6 mm.). 


Density. 


[a]. 


p= 25-0067. 
17°8° 
25°1 
40°9 
37°5 
19°6 


p= 49-9946. 


14°2 
16°9 
19°7 
35 

26°6 


p= 74-9896. 


12°3 


p= 2°0035. 


Temperature 
Density 


p= 499945. 


Temperature 
Density 


p=781793. 


Temperature 
Density 


p=9'96165. 


Temperature.............. 
ET eihnkone cicnssnasivss 


p= 250067. 


Temperature 


eee 


p=49-9946, 


Temperature 
Density 


p= 74-9896. 


Temperature 
Density 


+1°934° 
2°647 
4°079 
3°804 
2°110 


ay (100 mm.’ 


+1°758 
2°025 
2°283 
3°404 
2°786 


3°800 
5°041 
4°513 
6373 


11088 
1°0987 
1°1031 
1°0850 


Densities determined : 


0°88508 


0°89194 


19°5° 
0°89854 


19°28° 
0°903701 


18°97° 
0°94251 


18°86° 
1°01572 


18°75° 
1'10244 


23°1° 
0°88179 


24°37° 
0°88750 


30°52° 
0°88907 


24°85° 
0°898829 


27°05° 
0°93517 


27°77° 
1°00718 


31°27° 
1°08998 


31°7° 
0°87451 


27°96° 
0°88445 


31°66° 
0°892909 


37°76° 
0°92543 


41°90° 
0°99368 


45°58° 
1°0758 


+3°28° 
4°53 
7°09 
6°59 


33°47° 
0°87975 


35°85° 
0°889362 
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Ethyl Tartrate in m-Xylene. 


Two samples of m-xylene were used. The determination of the 
density of one of these gave the figures : 


Temperature 21°37° 24°15° 31°25° 42°10° 
Density 0°86285 0°86039 0°85427 0°84484 


from which d 20°/4° = 0°864053. 

This sample boiled between 138°3° and 139° under 754°5 mm. pres- 
sure. After having been used for making up several solutions, the 
m-xylene was recovered by shaking the solutions with caustic soda 
solution, then with water, dried with calcium chloride, and distilled 
over cleaned sodium. The density at 20°/4° was then found to be 
0'863897 and, after repetition of this treatment, 0°86393. 

The other sample had the density 20°/4° = 0°863809. 

Landolt and Jahn (Zeit. physikal. Chem., 1892, 10, 292) give 
d 20°/4° =0°86511 : 


Temperature. ap (400 mm.). | Density. 


p=1°99881. 
19°2° +0°161° 


8°7 0°027 
30°7 0°302 


p=2°41204. 
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Temperature. @ (400 mm.). Density. [a]>- 


p=10-0017. 


13°7° 0°868° 
24°7 1°552 
31-1 1°892 
11°8 0°705 
18°8 1°190 


p= 18°8179. ap (249°6 mm. ). 


18°5 +1°433 0°9123 
10°5 0°745 0°9195 
23°3 1°764 9°9080 
19°2 1°428 0°9117 


p = 33°1227. 


22°2 
16°2 


3°592 
11°442 
10°413 
10°225 
9°868 
9°370 
8°990 
6°847 
5°335 
5°128 
3°525 
4°193 


a», (100 mm.). 


+3°146 
2°850 
7°486 
7°016 
6°555 
6°220 
5°866 
5°630 
5°353 
4°935 
3°818 
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Temperature, @> (100 mm.) | Density. [aJs- 


p= 740857. 


| 

18°9° 4-623° | 1°0925 
26 5°340 1-0855 
10 3°509 | 1-1012 
32°3 5887 | 1-0792 
20°9 4-788 | 1-0905 


Densities determined : 
p=1-99881. 


Temperature 18°42° 26 08° 30°42° 
Density 0°86981 0°86321 0°85948 


p= 241204. 


Temperature 18°35° 26°60° 33°75° 
Density 0°87091 0°86373 0°85763 


p=5-00318. 


Temperature 17°3° 23°69° 
Density 0°877942  0°872386 


p=5-09721. 


Temperature 184° 26°88° 33°89° 
Density 0°87719 0°86979 0°86371 


p=10°0017. 


Temperature 18°80° 25°05° 31°20° 
| SS 0°88894 0°88335 0°877948 


p=18°8179. 


18°01° 25°24° $2°27° 
0°91270 0°90621 0°89993 


Temperature 17 66° 25°23° 30°26° 
Density 0°95333 0°94626 0°94164 


p = 39-9859. 


Temperature 17°8° 29° 50°2° 
0°97425 0°96369 0°94403 


Temperature 21°6° 45° 68° 
Density......... 1°0371 1°0150 0°9928 


p=74:0857. 


18°18° 25°00° 39°12° 
109323 1°0865 1°0724 
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Ethyl Tartrate in p-Xylene. 


The p-xylene used was obtained from Kahlbaum, and was purified 
by shaking with caustic soda solution several times. It was then 
washed with water, dried with calcium chloride, then with sodium 
and distilled under atmospheric pressure. 

Density determinations gave the following results : 


Temperature ......... 19°50° 25°50° $3°30° 40°65° 
NE nar seicksovsxe 0°86134 0°85615 0°84939 0°84294 


From these figures, the density d 20°/4° = 0°860908. 
Landolt and Jahn (Zeit. physikal. Chem., 1892, 10, 292) give 
d 20°/4° = 0°86130. 


Temperature. ap (400 mm.). Density. [a]*. 
15°9° +0 020° 0°8691 +0°29° 
23°7 +0°140 0°8623 +2°03 
10 — 0°032 0°8742 — 0°46 
29°9 +0°209 0°8570 +38°05 

p= 4°99588 
16 +0°213 0°8762 +1°22 
10 0°019 0°8816 0‘11 
22°9 0°447 0°8701 | 2°57 
| 
p= 10-0955. 
20°8 0-944 0°8847 | 2°64 
9°9 0°220 0°8943 0°61 
29°8 1°510 0°8768 | 4°26 
17°8 0°742 0°8874 2°07 
59°1 2°865 0°8503 8°34 
5§2°9 2°601 . 0°8559 7°53 
45°7 2°290 0°8626 6°57 
18°9 0°813 0°8865 2°27 
p= 24°9849. ay (249°6 mm.). 
15°1 +1°210 0‘9299 + 2°09 
10°5 0°720 0°9341 1°24 
32°6 2°984 0°9138 5°24 
21°8 1°890 0 9238 3°28 


p: 


b 
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Temperature. @ (100 mm.). Density. [a]o- 
p=50°0899. 
17°9° +1°392° 1°0050 +3°84° 
10°8 1°335 1°0119 2°63 
23 °2 2°359 0°9999 4°71 
39°6 3°578 0°9840 7°26 


p= 749913. 


16°4 4°125 1°0979 5°01 
9°5 3°287 1°1047 3°97 
22°1 4°737 1°0921 5°78 
16°7 4°150 1°0976 5°04 
21°1 4°653 1°0931 5°68 
31°7 5°773 1°0825 711 
Densities determined : 
p=2-0007. 
Temperature............... 18°8° 23 °22° 30°33° — 
I esacvccicsisesivests 0°86657  0°86273 0°85654 _ 
p=499588. 
Temperature............... 18°1° 25°9° 37°27° _ 
BE sas sitacsctescxicetens 0°87438 0°86753 0°85746 _ 
p=10-0955. 
Temperature.............+. 17°95° 21°96° 28 °35° 42°97° 
EE <p sicctesserersicinave 0°88726 0°88368  0°87800  0°86484 
p=24-9849, 
Temperature.............0 18°42° 24°08° 31°0° = 
NE sxcosccanscdvuccnetes 0°92694 0°92171 0°91537 _ 
p=50°0899. 
Temperature............... 18‘59° 26°86° 35°80° 43°21° 
PIII oiins05scsoccnsepens 1°0044 0°9964 0°9877 0°9805 
p=74/9913. 
Temperature .............. 18°43° 27°23° 34°75° a= 
SE isiatiinoinckessnehes 1°0958 1°0871 1°0795 -- 


Ethyl Tartrate in Mesitylene. 


The mesitylene used, which had been obtained from Kahlbaum, 
boiled under the ordinary pressure at about 166°, but did not give a 
colourless distillate; whilst the residue in the flask had a distinct red 
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colour, so that some impurity was present, which may perhaps be 
accounted for by the fact that the bottle had been opened by the 
Customs’ authorities. 

The mesitylene was therefore again distilled, this time over sodium 
in a vacuum, when a distillate having only a very slight tinge, but 
with a harsh, unpleasant odour, was obtained. The residue in the 
flask had a deep red colour. The distillate was then shaken up 
several times with caustic soda solution until the latter no longer 
turned red, then washed with water, dried with calcium chloride, then 
with sodium, and distilled in a vacuum. The distillate was colourless 
and so was the residue in the flask. 

The mesitylene boiled at 81—82° (press. 37—38 mm., temp. of oil- 
bath 133°). Its density was determined at several temperatures, with 
the following results : 


Temperature 19°9° 28°6° 8 27°35° = -29°45° ss: 40°3° = «005° 
Density t°/4° 0°85969 0°85669 0°85362 0°855189 0°84299 0°82665 


From these figures, the density at 20°/4°=0°85961. 
Landolt and Jahn (Zeit. physikal. Chem., 1892, 10, 292) give 
d 20°/4° = 0°86068. 


Temperature. a, (400 mm.). 5 [a]¢. 


p= 2°0656. 


18°8° 
16°4 
32°3 
30°4 
26°3 


* Interpolated, 
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Temperature, @p (400 mm.). Density. {a}f. 


78°8° 3°077° 0°8332 

: 2°845 0°8397 
2°652 0°8445 
2°477 0°8481 
2°138 0°8575 
1977 0°8606 
1°191 0°8755 
1°036 0°8780 
0°466 0°8867 
3°606 0°8148 


“Ico 


CO Ht et bS CO ON ATST OOO 
WSwBOKRIAN DORN 


CAKAOF WO Or 


ap (249°6 mm.). 


+1°713 
1°656 
5361 
5176 
4°926 
3°423 
3°331 


2°762 
3°709 
5°167 
4°880 


ap (100 mm.). 


+2°318 
2°836 
1°730 
1°783 
2°438 
2°100 


* Interpolated, 
VOL. LXXXI. 
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Temperature. a (100 mm.). Density. [a]. 


p=T4'7687. 


4°028° 1°0970 
4°992 1°0886 
4°147 1°0958 
5°72 1°0807 


Densities determined : 
p= 2-0656. 


Temperature..... 19°44° 24°56° 28°25° 
Density 0°86476 0°86055 0°85755 


p=5-00273. 


Temperature 24°55° 28°61° 38°25° 
Density 0°87264 0°86740 0°86407 0°85605 


p= 10°0073. 


Temperature 21°95° 33°03° 47°77° 
Density 0°88175 0°87247 0°8599 


p=24:977. 
Temperature ‘ 23°6° 32°61° 46°96° 62°9° 
Density : 0°91991 0°91191 0°89920 0°88465 
p= 36°233. 


Temperature 23°05° 39°3° 
Density 0°95315 0°93837 


p=49-9975. 


Temperature 24°82° 34°33° 
Density 1°00169 0°99495 0°98602 


p=50-0217. 


Temperature 21°94° 81°65° 
Density 1°00046 099777 0°98864 


p=74'7687. 


Temperature 26°62° 
Density .. 1°09291 1°08394 
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Molecular-solution-volume at 20° of Ethyl Tartrate in various 
Solvents. 


206 


- fee 
M=206. Molecular volume of ethyl tartrate at 20°= 12053 


=170°91. 
[a]>°= +7°76° (pure ester). 


| M.-S.-V. 


Benzene. 


1-001 0°88122 087894 (173-77) ¢.c.* 
1°35 0°881898 0°878938 (176°09) 
2°04 0°883512 0°87893 174:96 
25206 0°88460 087893 | 174:73 
3°01748 0°885758 0°87893 | 174-49 
4:9965 0°89031 0°87893 (174°40) 
501564 0°890412 0°878918 174-02 
7°5338 089652 0°87894 (173°36) 
1000046 0902469 0°878918 173°22 
100018 0-9026 0°87893 (172°98) 
17°4175 0°921378 0°878938 (172°49) 
24°978 0°9413 0°87893 172713 
50-004 1°01582 0°87893 171-21 
75199 1°1034 0°87893 170°97 


Toluene. 


2°005 0°86965 0°86502 

5°01847 0°87688 99 

9°98097 0°88923 2 
24°9946 0°92962 me 
49°1833 1700443 0°865711 
59°908 1°04141 in 
69°9894 1°07833 es 


o- Xylene. 


2°0035 0°884406 | 0°880024 176°23 c.c. +3 28° 
4°99945 0°891259 99 175°08 3°94 
9°96165 0°903049 9 174°18 3°92 
25°0067 0°94157 » 172°90 3°67 
49°9946 1°01463 = 171°97 4°50 
74°9896 1°1012 9 171°39 5°71 
7°81793 _ _ _ 3°98 


* The figures in brackets are not marked on the M,-8.-V. curve, p. 1099. 
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Molecular-solution-volume at 20° of Ethyl Tartrate in various 
Solvents (continued). 


M.-S.-V. 


[a}>. 


199881 
2°41204 
5°00318 
509721 
10°0017 
18°8179 
33°1227 
39°9859 
59°975 
74°0857 


2°0007 

4°99588 
10°0955 
24°9849 
50°0899 
74°9913 


2°0656 

5°00273 
10°0073 
24°977 
36°233 
49°9975 
50°0217 
74°7687 


0°868447 
0°86947 
0°875594 
0°87579 
0°887867 
0°91091 
0°95115 
0°97211 
1°03861 
1°09143 


0°865532 
0°872712 
0°885431 
0°92548 
1°00302 
1°09428 


0°864296 
0°871169 
0°883392 
0923078 
0°955928 
0°99945 
0°99958 
1°09041 


m-Xylene. 


p-Xylene. 
0°860908 


Mesitylene. 
0°85961 


0863897 175°98 c.c. 
086405 (176°79) 
0°86393 17495 
0°863897 174°95 

ty 17408 
0°86398 17300 

me 172°43 
0°863809 172°03 

Ps 171°56 
0°86393 171°35 


175°40 c.c. 
174°50 
173°63 
172°46 
171°60 
171°23 


176°72 c.c. 
176°08 
175°18 
173°67 
173°00 
172°60 
172°56 
171°77 


+2°50° 
2°78 
3°40 
3°45 
3°55 
3°54 
4°00 
4°30 
5°05 
5°84 


+1°28° 
2°00 
2°50 
2°96 
4°18 
5°52 


— 1°38° 

+ 0°86 
1°95 
3°15 
3°85 
4°68 
4°63 
5°87 


Molecular Weight Determinations. 


Cryoscopic. 


Hihyl Tartrate in Benzene. 
Constant = 49, 


Grams of ethyl tartrate per 
100 grams of benzene. 


Depression of melting 
point. 


Molecular weight. 


0°386 
0°983 
1°167 
2°490 
2°776 
6°303 
7°895 


0°090° 
0°210 
0°255 
0°476 
0°504 
0°930 
1°124 


210°0 
229°3 
224°2 
256°3 
269°9 
332°1 
344°2 
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Molecular Weight Determinations. Ethyl Tartrate in Benzene. 
Ebullioscopic. Constant = 26°7. 


Grams of ethyl tartrate per Elevation of boiling 


100 grams of benzene. point. Molecular weight. 


0'232 0°036° 172°0 
0°709 0°093 203°6 
1°359 0°170 213°5 
2°459 0293 224°0 
2°850 0°326 ~ 233°4 
4°715 0°523 240°2 
4°739 0°544 235°3 
6'278 0°672 249°4 
6°497 0°690 251°4 
6°940 0°722 256°6 
7846 0°830 252°4 
9°543 0°975 261°4 
10°565 1°016 277°4 


Molecular Weight Determinations. Lthyl Tartrate in p-Xylene. 
Constant = 43. 


Grams of ethyl tartrate per | Depression of melting . 
100 grams of p-xylene. point. Molecular weight. 


0°296 0°062° 205°5 
0°915 0°184 213°7 
2°145 0°351 262°7 
2°439 0°399 262°8 
4°226 0°594 305°9 
5 ‘132 0°650 339°5 
16°750 1°335 539°4 


The thanks of the author are due to the Government Grant Com- 
mittee of the Royal Society for the allotment of a grant partly de- 
fraying the expenses incurred in carrying out this investigation. 


Tur YORKSHIRE COLLEGE, 
LEEDs. 
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CXII.—The Influence of Solvents on the Rotutiow of 
Optically Active Compounds. Part IV. Influence 
of Naphthalene on the Rotation of Ethyl Tartrate. 


By T. 8. Parrerson. 


THE experiments discussed in the preceding paper show in what 
manner and to what extent the specific rotation of ethyl tartrate is 
affected in solution by the variation in the internal forces of the 
benzene hydrocarbons, due ultimately to comparatively slight differ- 
ences in the constitution of these solvents, and the interesting problem 
at once suggests itself as to the effect which the different and probably 
greater change from benzene to naphthalene is likely to bring about. 
Here, however, a practical difficulty is met with in the high melting- 
point of the solvent, but nevertheless the rotations of several solutions 
of ethy] tartrate in naphthalene have been determined at various tempera- 
tures. From the experimental figures (this vol., p. 1139), a concen- 
tration curve may be drawn for this solvent which is shown in Fig. 1 
(p. 1135). In this case, it is not possible to work at 20°—or even to 
extrapolate to that temperature—and therefore the curve has been 
plotted for 70°, and for purposes of comparison the corresponding 
curve for mesitylene * is also shown. 

It might possibly be expected that since the effect of the single 
benzene ring is to lower the rotation of ethyl tartrate, a double ring 
would have a still greater influence of the same kind, but the experi- 
mental results are quite at variance with any such expectation. The 
specific rotation of the pure ester at 70° is +11°80°; the gradual 
addition of naphthalene at once begins to raise the rotation, and the 
rate of increase becomes gradually greater and greater with dim- 
inishing concentration, so that in a p = 10 solution the high value 
[a]}’ = +25°1° is reached. It is difficult to carry out experiments 
at a less concentration than this, and therefore any estimate of the 
value at infinite dilution is somewhat vague, but it would appear to 
lie between + 31° and +32°, which is even higher than that obtained 
in water at the same temperature. 

Thus it appears, if difference of rotation is any criterion, that the 
change in constitution in passing from the benzene series to naphtha- 
lene brings with it very considerable changes in internal forces, and 
also that the properties which influence the rotation of ethyl tartrate 
are the same, or at least similar, in water and naphthalene. At the 
’ same time, it may reasonably be objected that the mere fact of an 
exceptionally high rotation in these two solvents can hardly be re- 


* The figures will be found on p. 1128 of the preceding paper. 
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garded as a proof of the identity of their internal forces. The simi- 
larity of rotation might possibly be due to a different cause in each 


Fic. 1.—Specific rotationsof ethyl tartrate in naphthalene and mesitylene at 70°. 


70° 
>? 


to 
— 


ry 
— 
= 
is} 
s 
s 
= 19 
S 
& 
8 
HF 


— 
~T 


40 50 60 70 80 90 


Concentration (yp). 


case, in water, perhaps on account of vhe small molecular-solution- 
volume, and in naphthalene because, let us say, of combination of 
solute and solvent. It is therefore of considerable importance to 
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notice that naphthalene resembles water, not only in producing a high 
rotation in the dissolved ethyl tartrate, but also in another respect in 
which water has been shown to differ from other liquids, namely, in 
the effect of temperature change. 

The specific rotation of pure ethyl tartrate increases fairly rapidly 
with increase of temperature, but in dilute aqueous solutions, in which 
the rotation is much higher than in the pure ester, the temperature 
effect is of the opposite kind ; in them the specific rotation diminishes 
with rise of temperature. It is interesting therefore to find that in 
naphthalene, where again in dilute solution the rotation is high, a 
similar temperature influence obtains, although it is not quite so 
marked. From the figures on p. 1139, however, it will be seen that 
whereas the concentrated solutions, p = 75 and p = 50, give specific 
rotations which diminish as the temperature falls, the more dilute one, 
p = 25, shows but little change, whilst in that for which p = 10 
the observed rotation actually increases with diminution of tem- 
perature, although, since the density increases in a very slightly 
greater proportion, the specific rotation remains practically constant. 

Since then the behaviour of ethyl tartrate in water and naphthalene 
is alike in these two important respects, the conclusion that in each 
case the cause is the same or similar seems justified. The dissolved 
active molecule is apparently only influenced by the internal forces of 
the liquids ; there is little reason to suppose that anything in the 
nature of chemical combination takes place, for if water, on the one 
hand, and naphthalene, on the other, were capable of combining with 
ethyl tartrate, it is at least improbable that molecules or complexes 
so differently composed should have rotations of nearly equal value, 
and it is as little or even less probable that their behaviour with 
variation of temperature should also be similar. In an analogous 
manner, if the rotation in water is due to one cause, and in naphtha- 
lene to some other quite different'one, it is perhaps not impossible, but it 
is certainly very unlikely, that the behaviour of the solutions should 
correspond, not only in showing unusually high rotation, but in 
temperature effect as well. 

Now change of rotation with variation of temperature is probably 
the result of two chief causes. The first of these is the alteration in 
the internal forces of the solvent, and since these are almost certainly 
lessened with rise of temperature the result of such a change would 
be an increase in the molecular-solution-volume of the dissolved ester 
and a consequent lowering of rotation. The second cause is the 
change in the molecule of the active substance itself on heating, and 
since the rotation of ethyl tartrate in the homogeneous condition, and 
in most of the solvents examined, increases rapidly with rise of 
temperature, this cause must have the opposite effect to the first and, 
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in most cases, must preponderate. In water and naphthalene, how- 
ever, we must conclude either that these two opposing influences 
almost counterbalance each other, in which case it is necessary to 
assume that the lessening of the internal forces of these two liquids 
takes place more rapidly than in the others examined, or else that 
when the molecule of ethyl tartrate is distorted into that shape or 
asymmetry which conditions a high rotation, this asymmetry is com- 
paratively uninfluenced by temperature change or is even altered in 
the contrary manner to the molecule of ethyl tartrate dissolved in 
molecules of its own kind. 

Unfortunately, in the case-of naphthalene, the chief relationships 
discussed in the preceding paper cannot be entered into for lack of 
data. It will readily be understood that the accurate estimation of 
the densities of dilute solutions is difficult, since at every opportunity 
the substance in the pyknometer solidifies with separation of small 
bubbles of gas, and that, on this account, any attempt to calculate 
molecular-solution-volumes would yield no satisfactory résult, although 
a comparison of the volume of the ethyl tartrate in this solvent with 
the rotation would be very interesting. 

From preceding papers, it appears that the moleeular-solution- 
volume of ethyl tartrate in most of the solvents examined is almost 
proportional to the heat of vaporisation of the latter. The heat of 


vaporisation of naphthalene may be approximately calculated by 
Trouton’s rule : 


Molecular weight x Heat of Vaporisation = 21 x Abs. Boiling Point. 


From this, the value 80°5 is obtained, a value less than that for 
benzene, whereas one considerably greater might be expected from the 
rotation phenomena, It must be remembered, however, that this 
number is calculated for a much higher temperature (218°) than the 
others (preceding paper, p. 1107), and therefore can scarcely be com- 
pared with them. 

In one further respect, naphthalene may be compared with the 
other solvents investigated, namely, in regard to the molecular com- 
plexity of the ethyl tartrate dissolved in it, and therefore: molecular 
weight determinations have been carried out the figures for which are 
given on p. 1140, and represented graphically in Fig. 2 (p. 1138). 

It was found that in water (Trans., 1901, '79, 182) the molecular 
weight of ethyl tartrate remains normal, whilst the concentration 
increases up to C=10 at least; that is, the observed depressions are 
directly proportional to concentration, and therefore lie along the 
unimolecular line *, but it is apparent from the figure that naphthalene 
does not have the same effect. It resembles rather benzene and 

* See preceding paper, p. 1112. 
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p-xylene ; in very dilute solution, the dissolved substance is unimole- 
cular, but with increasing concentration association takes place in 
much the same way as in these two liquids. 

We have then in this a further proof, if any such be required, that 
the molecular complexity of an active compound in solution, in so far 
at least as it can be ascertained by the boiling point and freezing 


Fic. 2.—Molecular weight of ethyl tartrate in naprthalene. Cryoscopic. 


Wail 


Depression (A). 


Concentration (c). 


point methods, has no connection with rotation, for although the 
polarimetric behaviour of ethyl tartrate is much the same in water 
and in naphthalene, its association factor does not vary in the same 
manner in the two solvents, and, on the other hand, whilst the 
rotations in benzene or p-xylene as compared with naphthalene are 
very different, the molecular complexity varies with varying concen- 
tration in a similar way in all three solvents. 
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Ethyl Tartrate in Naphthalene. 


The density of the naphthalene used was not determined. 


| 
Temperature. | aq» (249°6 mm.). | Density. {a}. 


p=10°017. 


100° +6°467° 9773 + 26°47° 
87°8 6°488 986 26°30 
79°4 6°518 ‘99: | 26°24 
70 26°14 * 


p=25°017. 


100 
77°2 
71°4 


a (66°04 mm. ). 


6'280 
6'068 
5922 
5°745 


ap (40 mm.). 


5°030 
4°892 
4°777 
4°503 
4°372 
4°148 


Densities determined : 
p=10-017. 


Temperature 99° 
Density 0°9897 0°9780 


p=25-017. 


Temperature 99° 
Density 1°0117 0°9980 


* By extrapolation or interpolation. 
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Densities determined (continued) : 


Temperature 82° 90° 
Density 1°0583 1°0509 1°0445 


p=74°98. 


Temperature 57°3° 70°65° 80°65° 97°7° 
DGEEY....cccccscosee 1°3168 1°1056 1°0956 10789 


Ethyl tartrate in naphthalene. Constant = 69. 


Grams of ethyl tartrate per | Depression of melting 


100 grams of naphthalene. point. Molecular weight. 


1°0255 0°340° 208°1 
1°7775 0°572 214°4 
2°788 0‘866 221°8 
3°858 1°134 234°7 
7°504 1°965 2635 
9°142 2°270 283 


The thanks of the author are due to the Government Grant Com- 
mittee of the Royal Society for the allotment of a grant defraying 
the expenses incurred in carrying out this investigation. 
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CXIII.—The Decomposition of Oxalacetic Acid Phenyl- 
hydrazone in Aqueous and Acid Solutions, and a 
New Method of Determining the Concentration of 
Hydrogen Ions.* 


By Humpurey Owen Jonzs, B.A., B.Sc., Jacksonian Demonstrator in 
the University of Cambridge, and Owen WILLANS RICHARDSON, 
B.A., B.Sc., Coutts Trotter Student of Trinity College, Cambridge. 


THE main problem, towards the solution of which the following invest- 
igation is a contribution, was suggested by a series of observations 
made by Mr. Fenton and one of us (Fenton and Jones, Trans., 1901, 

* A preliminary account of some of the experiments to he described has already 


been published in the Proceedings of the Cambridge Philosophical Society, 1902, 
11, 337. 
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79, 91; Proc., 1901, 17, 24; Proc. Camb. Phil. Soc., 1901, 11, 108), 
which showed that oxalacetic acid phenylhydrazone decomposed in 
presence of water at 100° into carbon dioxide and pyruvic acid phenyl- 
hydrazone. In the presence of strong acids, however, the reaction 
proceeded differently and pyrazolonecarboxylic acid and water were 
formed, With weak acids or very dilute strong acids the two reactions 
occurred simultaneously, and it was shown that the amounts of carbon 
dioxide given off, using acids of the same normality, were in the inverse 
order of their “ affinity constants.” 

It was suggested that these reactions might be explained by suppos- 
ing that the formation of pyruvic acid phenylhydrazone was due to the 
decomposition of the negative ion according to the following equation : 


— + 
00,H-C-CH,CO, + H = 00, + CO,H-C-OH, 
N-NH-C,H, N-NH°C,H,’ 


whereas the production of pyrazolonecarboxylic acid was due to a uni- 
molecular decomposition of the undissociated hydrazone according to 
the equation : 


CH, - 00-0H CH,—Co 

| I I 

| 
00,H 


C,H; I 
CO,H 

We set out on the investigation with the idea that this hypothesis 
was correct, but have found it necessary to abandon it owing to the 
disagreement of theoretical conclusions with the experimental results. 
The hypothesis by which we propose to replace the above is that the 
rate of formation of pyruvic acid phenylhydrazone is a unimolecular 
decomposition of oxalacetic acid phenylhydrazone, quite independent 
of the ionisation of the latter as an acid. The rate of formation 
of pyruvic acid phenylhydrazone is therefore proportional to the 
concentration of the oxalacetic acid phenylhydrazone present in 
the solution at a given time. On the other hand, the pro- 
duction of pyrazolonecarboxylic acid is due to a bimolecular reaction, 
the rate of formation being jointly proportional to the concentration 
of the hydrogen ions and to that of the oxalacetic acid phenylhydrazone 
present in the solution. On this theory, the hydrogen ions act as it 
were catalytically, being themselves unaffected by the reaction ; hence 
we should expect the rate of formation of the pyrazolone compound to 
be greater in an acid solution. 

Intrinsically different as these two hypotheses certainly are, by a 
curious coincidence they are mathematically almost identical, and up 
toa certain point yield the same quantitative relations. For brevity, 
we shall trace the development of the second view (the catalytic 
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hypothesis) only, pointing out, where necessary, in what respects the 
formule given by the first hypothesis differ from it. It may be 
mentioned in anticipation that all the mathematical results are con- 
firmed quantitatively by the experiments to be described later. The 
mathematical solution has been worked out, not as a purely theoretical 
| problem, but in order to settle definitely the nature of the reaction. f 

In what follows we shall express the quantities of the substances " 
present in terms of the molecular concentration, that is, the 
number of gram-molecules per litre. Let C, be the concentration of 
the oxalacetic acid phenylhydrazone we start with, and C, and C, the 
concentrations of pyruvic acid phenylhydrazone and pyrazolonecarb- 
oxylic acid respectively in the solution at anytime. Then the amount 
of unaltered oxalacetic acid phenylhydrazone which is present at the 
same time is equal to C,—(C,+€,). It is convenient to remember 
that the amount of carbon dioxide which has been evolved is propor- 
tional to the concentration C’, of pyruvic acid phenylhydrazone in the 
solution. Since the rate of formation of pyruvic acid phenylhydrazone 
(or of evolution of carbon dioxide) is simply proportional to the con- ‘ 
centration of the oxalacetic acid phenylhydrazone, we have 


dC 
= = k(C,-C,—Cs), 


where k, is the velocity constant of this reaction and ¢ is the time. The 
reaction which produces pyrazolonecarboxylic acid being supposed bi- 
molecular and jointly proportional to the concentration of the oxalacetic 
acid phenylhydrazone and of the hydrogen ions, we have similarly 


do k,X(C, —-C,- Cs); 


where & is the velocity constant of this reaction and X is the concen- 
tration of hydrogen ions. The first hypothesis gives equations identical 
in form with these, differing only in the fact that the constants 4, and 
k, are both divided by y+, where y is the dissociation constant of 
oxalacetic acid phenylhydrazone. 

Cross multiplying the above equations, we get, 


C, KX dd, 
” = eS 
: a: ky , 
the integral of which is C,=~7—C,+A. Since at the commencement 
1 


of the reaction no pyruvic acid phenylhydrazone or pyrazolonecarb- 
oxylic acid has been formed, we have for t=0, C,=C,=0, whence 


kX 
A=0and C,=——C, 
1 
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Substituting for C,, we get, 


“ 
=k,C, — (ky +h, X)C). 
Obviously at the end of the reaction (¢= 00 theoretically) the rate of 


formation of pyruvic acid phenylhydrazone and pyrazolonecarboxylic 
acid is equal to zero, so that 


dC, : 
@l- 0=h,C, —(k, +h, X)C3 


where C? is the concentration of pyruvic acid phenylhydrazone in the 
solution when the reaction is completed. This yields 

C; ks 

CF acd l= = ky x. 

This formula has been found to hold both for oxalacetic acid phenyl- 
hydrazone and for oxalacetic acid p-bromophenylhydrazone, which de- 
composes similarly. 

Returning to the equation, 


dC 
FC — 4 tha X)Cy 


we see that it may be written in the form 
1 
~ (& +h X) $ (&,C, — [hy + h,X]Cy) =k C, - [ky +h X] Ce, 
whence log(&,C,, —[k, +4,X]C,)= —(k, +h.X)t+ B. 
When ¢=0 C,=0, whence B=logk,C). 
Therefore 
k,C, 
iad a de 
~~ —e~t) say. 


(it haXM) 


If we plot a curve with ¢ as abscisse and corresponding values of 
C, as ordinates, whatever may be the value of the constants @ and 3, 
it has the general form of the curve shown in the figure. For con- 
venience of calculation, the curve selected is y= 10{1 —e—90002302}, Tt, 
is evident that it must pass through the origin for C,=0 when ¢=0, 

k,C, _— 
and also that it is asymptotic to the line C,= “5 +h ee which is parallel 
to the axis of x and represents the amount of pyruvic acid phenyl- 
hydrazone finally formed. 

A large number of experiments have been made, as will be described 
later, in order to’determine the rate at which carbon dioxide is evolved 
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from a solution of oxalacetic acid phenylhydrazone maintained at a 
constant temperature, and in all cases curves were obtained of the 
general form indicated by the theory. Perhaps a better way of 
exhibiting the connection between C, and the time is to write the 
last equation in the form 
1 
1_” +hpX Cy 
kk OC, 


log = (+h) 


Fic. 1.— Theoretical curve, y=7z{1 — ¢ ~ 90002800, 


ae 


Abscissee x 100. 


and since the total amount C2 of pyruvic acid phenylhydrazone pro- 


° 1 ° ° ° . 
duced is ke, +h,X C,, we may write our equation still more concisely 


as 
log——— = (kh, +k,X)t, 
1 -—2 
Cr 


Hence, if we determine the final quantity of carbon dioxide produced 
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in any experiment, take the ratio to this of the amount which has 
been produced up to any given moment, subtract from unity, and 
plot the logarithm of the inverse of the quantity thus obtained against 
t, we get a straight line which passes through the origin, and the 
inclination of which to the axis of ¢ is tan ~\(k,+k,X). The experi- 
mental curves have been treated in this manner and yield satisfactory 
straight lines (compare Figs. 3, 4, and 5). 

Curiously enough, the hypothesis of decomposition of the negative 
ion yields formule which differ from the preceding only in the value 


of the constants a and 6b. On that view, we have a equal to ae, 

i, = o , and } to a instead of to k, +k,X, where y 
is the dissociation constant of oxalacetic acid phenylhydrazone. Inso 
far as the constant a is concerned, it will be seen that the quantity X 
enters in the same way into the two formule, so that, as is the case 
with all the preceding results, there is no difference between the con- 
sequences of the two hypotheses. But when we turn to the constant 
6, an important difference arises, in that on the one theory 6 has the 


instead of to 


form a+ A, and in the other pts. Now the value of 6 is readily 


determined (with sufficient accuracy) from the experimental curves, 
and is found to increase with Y, the concentration of the hydrogen 
ions in the solution. The increase of 6 with X is seen to follow 
at once if 6 is of the form a+X given by the catalytic theory ; 


but if } is of the form a then its increase or decrease with X 
depends on the relative magnitudes of Bandd. If B is >8, b will 
decrease as X increases ; if 8 is <4, } will increase with X. 


If, adopting for a moment Fenton and Jones’s hypothesis, we 


write ky + kX in the form ne +X ) we find from our experi- 
yt+X . a +X 
ments that, on this view, k,y/k,=0°02. We have, moreover, de- 
termined the dissociation constant, y, of oxalacetic acid phenyl- 
hydrazone, which we find has the value 00011. We have therefore 
b=<k 0°02+X ) 
5 +{ oooitsx} 
consideration, 8 is >8, so that, on this view, 6 will always decrease 
as X increases. Since, for all the experiments we made, the value of 
b increased as the solutions became more acid, and the constancy of 
the results showed they were not due to experimental error, we are 
compelled to reject Fenton and Jones’s hypothesis in favour of the 
theory of catalysis by hydrogen ions developed in the present paper. 
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Hence, it is evident that, for the case under 
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This view is further supported by the fact that on heating solid 
oxalacetic acid phenylhydrazone in the absence of water it yields, not 
pyrazolonecarboxylic acid, but pyruvic acid phenylhydrazone. Another 
view which has been suggested to explain these curious reactions is 
that the formation of pyrazolonecarboxylic acid is due to the dehydrat- 
ing action of the acid used. ‘This is, however, contradicted by Fenton 
and Jones’s experiments on the effect of the addition of various salts 
to the acid solutions (Proc., 1901, 17, 24). 

Another point in favour of the hypothesis here advocated is the 
fact that a given amount of the substance yields less carbon dioxide 
at 100° when dissolved in 100 c.c. of water than when dissolved in 
10 c.c. This we should expect owing to the greater dissociation of 
the acid, whereas on the older view greater dissociation of the acid 
would give more carbon dioxide. Experiments which have been made 
in other solvents such as pyridine or toluene, show that, although the 
reaction is slower, the final quantity of carbon dioxide produced is slightly 
greater than with water. On the earlier hypothesis we should, however, 
expect much less carbon dioxide owing to the small ionising power of such 
solvents compared with that of water. So far as we are aware, there 
is no single fact which is contrary to the hypothesis of the formation 
of pyrazolonecarboxylic acid by the catalytic action of the hydrogen 
ions ; whereas there are a large number with which the view of the 
formation of pyruvic acid phenylhydrazone by the decomposition of 
the negative ion is not in agreement. 

The reaction under consideration is an example of what may be 
called a simultaneous linear reaction. Such a reaction involves the 
simultaneous production from one substance of at least two others, 
whilst the rate of formation of each of these is directly proportional 
to the amount of the original substance present. The theory of every 
irreversible simultaneous linear reaction involving the formation of only 
two substances is identical with that given above, except for the values 
of the constants a and 6. An example of a simultaneous reaction 
which is partly reversible is the decomposition of ethyl hydrogen 
sulphate into ethylene and ether in presence of alcohol. We have not 
been able to recall another case like the decomposition of oxalacetic 
acid phenylhydrazone when both the reactions are quite irreversible. 


EXPERIMENTAL. 


The experimental portion of the investigation falls naturally into 
two parts. We shall first consider the experiments on the rate of 
evolution of carbon dioxide, since they form, from a theoretical point 
of view, the key to the rest. 
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The Rate of Evolution of Carbon Dioxide. 


The velocity of the reaction was examined by measuring the rate at 
which carbon dioxide was evolved from a dilute solution of the hydr- 
azone maintained at a constant temperature. As solvent, either water 
or dilute sulphuric acid was employed. The apparatus used is depicted 
in the accompanying diagram (Fig. 2). One hundred c.c. of the solvent 
were placed in the wide-necked flask, A, and the hydrazone, dissolved in 
the minimum quantity of alcohol, was introduced through the tube 
B. The mixture was stirred by means of the stirrer, C, which was 
capable of vertical and rotatory motion, owing to the interposition of 
the thin rubber tube, D. The T-piece Z led off into the manometer 


Fig. 2. 


FG H, filled except in the first few experiments with turpentine, which, 
after several liquids had been tried, was found to be the most suitable. 
The large bulb, ¥, was inserted in order to furnish an approximately 
constant zero pressure level. The whole of the system from A to & was 
immersed in a small tin plate tank the sides of which were covered 
with asbestos. The tank was filled with water which was stirred by a 
pair of horizontal fans rotating about the same axis, this passed through 
the centre of the tank, and was driven by a small motor. The burners 
used to heat the tank were regulated by a thermostat, so that the water 
could be kept at any desired temperature. In order to regulate the 
temperature more efficiently, the body of the thermostat was made of 
a roll of composition tubing which fitted close to the inside of the 
tank. The temperature could be kept constant to one-twentieth of a 


degree. 
4G2 
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In making an experiment, the apparatus was first tested to see if the 
temperature was steady. This was done by inserting the cork in B 
and observing the liquid in the manometer. If the temperature was 
adjusted, there was only a slight rise of the liquid, which stopped after 
a few seconds. On introducing alcohol without any hydrazone into B, 
it was found that there was a sudden rise in the manometer, which, if 
the liquid was well stirred, became steady after about 20 seconds. 
In making a real experiment with the hydrazone dissolved in about 
1 cc. of alcohol, it was therefore found necessary to neglect the initial 
motion of the manometer. ‘This involved no uncertainty as there was 


Fic. 3.—Curves for water. 
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always a definite interval before carbon dioxide began to be evolved. 
As soon as the evolution commenced, readings of the height of the 
manometer and the time were taken every fewseconds, These became 
somewhat irregular towards the end of the experiment, when the rate 
of evolution of gas was very small, owing to minute oscillations in the 
temperature of the bath. A correction was afterwards applied to the 
readings for the volume of liquid in the tube. 

With this apparatus, a great number of observations were made, 
using varying amounts of the hydrazone, with water, V/10 sulphuric 
acid, and V/20 sulphuric acid respectively as solvents. In all cases, 
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100 c.c. of the solvent were placed in the flask and the hydrazone, dis- 
solved in the minimum quantity of alcohol, added as soon as the 
temperature became steady. With water, very good readings were 
obtained when 0°1 gram of the hydrazone was used, but owing to the 
smaller quantity of carbon dioxide evolved in acid solutions some 


Fic. 4.—Curves for N/20 H,SO,. 
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irregularity in the readings was more noticeable when dilute sulphuric 
acid was used. With these solvents, therefore, larger quantities (up 
to 0°45 gram) were taken, and the irregularities then became inappreci- 
able. The amount of carbon dioxide given off in each case was found 
to be, at any rate approximately, proportional to the amount of substance 
used. 
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The curves (Figs. 3, 4, and 5) have been plotted from three of these 
series of observations and show the rate of evolution of carbon dioxide 
from solutions in water, V/20 sulphuric acid, and W/10 sulphuric acid 
respectively. The ordinates are readings of the manometer, reduced 
to an artificial zero, and are proportional to the volume of carbon 
dioxide which has been given off. The abscisse are seconds multiplied 
by 100. The curve for water is for 0°1 gram, that for V/20 sulphuric 
acid is for 0°2 gram, whilst that for V/10 sulphuric acid is for 0°3 gram 


Fic. 5.—Curves for N/10 H,SO,. 
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of the hydrazone. It will be noticed that all these curves have the 
same form as the theoretical curve on p, 1144. 
With each curve is plotted the corresponding series of values of 

1 

SS a 

a _C, with the time. In each case, these were found to be straight 
a 

lines as required by the theory. The values of the ordinates for this 

function are given on the right hand side, those for the amount of 
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carbon dioxide evolved on the left hand side, of each diagram. Since 
log 1 / k - a | is proportional to ¢, it is evident that — “log(1 - re) 
should be constant for all values of ¢ The degree in which this 
was attained will be seen from the last column of the following table 
(the figures are for 0°1 gram of oxalacetic acid phenylhydrazone dis- 
solved in 100 c.c. of water). The value of CY was taken (from the 
curve) to be 320. 


CC. 


0 
0°1563 
0°25 
0°313 
0°390 
0°469 
0°547 
0°626 
0°703 
0°781 
0°850 


The values for both small and large values of ¢ are affected much 
more than proportionately by experimental error, so that the true 
value of the constant 6 from the above table would be 0:88—0-90, 

It will be noticed that the slope of these lines increases as the 
solution becomes more acid, and this was found to be so in every case 
examined. This is a point of considerable importance, since the 
hypothesis of the decomposition of the negative ion requires that the 
slope of the lines should decrease with the concentration of the acid 
in the solution used. The following numbers indicate the differences 
and agreement in the numbers which have been observed : 


Strength of sulphuric Values of Mean values of 


1 C. 1 C. 
acid, - jlog(1 - oe ) | ~ jlog(1 ~ ot) 


-3 “17 } 
w/10 {70-0 3} | 1°25 x 103 
=" 4 | 
7/20 {10-00-98 | 098 x 10-8 
(10-2 x 0°886 
4 10-3 x 0°82 | 0°83 x 10-3 
10-3 x 0:80 


0 
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As there is some uncertainty about the position in which the lines 
should be drawn to fit the observations best, the above agreement is 
quite satisfactory. We shall postpone the further discussion of these 
results until after the experiments on the total amount of carbon 
dioxide evolved have been considered. 


The Total Amount of Carbon Diowide Evolved. 


To determine the total amount of carbon dioxide evolved, several 
methods were tried, of which the following was selected as giving the 
most concordant results. The apparatus used is represented in Fig. 6. 
The substance (0°1 gram) together with 100 ¢.c. of the solvent (water 
or dilute sulphuric acid) was placed in the flask, A, which was heated 
to 100° in a water-bath. A gentle stream of air, which had been 
freed from carbon dioxide by bubbling through potash solution, was 
passed through the liquid in A at such a rate that the bubbles moved 
slowly up the tube, D. The tube C, which was ground so as to fit 


Fic. 6. 


closely into D, had a narrow orifice so that the bubbles which escaped 
from it were very small. By suitably inclining the tube D, which 
contained standard baryta solution, the time the bukbles took to pass 
up the tube could be altered by any desired amount. In this way, the 
length of time during which the mixture of carbon dioxide and air 
was in contact with the absorbing solution could be regulated at will. 
It was found that, when the time exceeded a certain limit, constant 
results were obtained, showing that all the carbon dioxide had been 
absorbed. 

The bulb, B, was inserted to prevent any of the acid solution in A 
splashing over into the absorption tube, D. A blank experiment 
showed that the amount of acid which splashed over, if any, could not 
be detected. 

When no further precipitation of barium carbonate in D could be 
observed (generally after running for about 20—30 minutes), the 
current of air was stopped and the liquid carefully washed out of C 
and D with recently boiled distilled water. This liquid was then 
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titrated with standard hydrochloric acid, using phenolphthalein as 
indicator. The amount of carbon dioxide was thus given by the 
change in the neutralising power of the solution. The hydrochloric 
acid used was 1/20, and the 25 c.c. of baryta, which were always 
used, required 33:1 c.c. of this acid for neutralisation. The amount 
of hydrochloric acid, which corresponded to the carbon dioxide given 
off, varied between 4°2 c.c. and 15 ¢.c. We could thus only expect to 
determine the latter with an accuracy of 2 per cent. 

With this apparatus, several series of experiments were made with 
oxalacetic acid phenylhydrazone, using solutions of sulphuric acid, the 
strengths of which varied from 0 to V/10. The results which were 
obtained are shown in the following table. Each of the numbers 
given in column II is the mean of a number (from three to ten) of 
experiments. Since the concentration CF of the pyruvic acid 
phenylhydrazone at the end of the reaction is proportional to the 
amount of carbon dioxide which has been evolved, and the amount of 
carbon dioxide evolved, if the whole were to become pyruvic acid 
phenylhydrazone, would be 10 c.c., the values in column III are 
simply 

10 


Value in column Il | 


II. 


| Volume of CO, 
from 0°1 gram. 


Strength of 
sulphuric acid. 


N/10 
N/15 


| 
N/20 it 
N/30 | 
NV/60 
N/120 
N/ eo (water) | 


oor on bo 


CO > Or 09 OD OD 
ono OITA 


The corresponding concentration of the hydrogen ions is given in 
column [V. According to the theory (compare p. 1143), the value of 
dc - 1| should be a constant 2 The values obtained by dividing 

3 1 
the numbers in column III by those in column IV are given in 
column V. The valuesin column IV were calculated from Kohlrausch’s 


measurements (Ann. Phys. Chem., 1885, [iii], 26, 161) at 18°, whereas 


the values of c —1 are proportional to the concentration at 100°. 
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This may explain the slight variation in the values of the constant 
k,/k, near the top of column V, the gradual increase towards the bottom 


Fic. 7.—Ozxalacetic acid hydrazone, 


0°02 0°03 0°04 


Concentration of H ions, 


being due to the increasing effect of the acidity of the hydrazone itself 
in the more dilute solutions. 
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These relations are more strikingly shown by the accompanying 
diagram (Fig. 7, p. 1154). 


Experiments with Oxalacetic Acid p-Bromophenylhydrazone. 


With this apparatus, we have also made experiments on the p-bromo- 
derivative. Owing to difficulty in obtaining the substance, only a few 
observations have been made. They show, however, that the decom- 
position of this substance follows the same laws, as is evident from 
the accompanying table and diagram : 


Variation of Quantity of Carbon Dioxide evolved from Oxalacetic Acid 
p-Bromophenylhydrazone with Acidity of Solution. 


| | 
Strength of Volume of CO, | 
sulphuric acid, | from 0°1 gram. 


N/10 
N/20 
NV/30 
N/a (water) 


The p-bromo-derivative, as shown by the greater distance from the 
origin at which the straight line in Fig. 8 (p. 1156) cuts the axis of y, 
seems to be a considerably stronger acid than oxalacetic acid phenylhydr- 
azone. In calculating the values of k,/k, given above, we have therefore 
subtracted 0°5, the effect due to the substance itself, from the values of 
C,/C? -1 given in the table. We see then that the introduction of 
a bromine atom into the phenyl group has very little effect on the 
ratio k,/k, of the two reactions, only making it a few per cent. smaller. 


Measurement of the Concentration of Hydrogen Ions in Solution. 


It will readily be seen that the decomposition of oxalacetic acid 
phenylhydrazone forms an easy method of measuring the concen- 
tration of hydrogen ions in solution, and therefore of determining the 
dissociation constants of acids. The apparatus is simple (Fig 6), and 
the experiments only require a short time. In making a determina- 
tion, 0°1 gram of oxalacetic acid phenylhydrazone is heated with 100 c.c. 
of the solution to 100°, and the amount of carbon dioxide evolved is 
estimated. Let this be dc.c, at 0° and 760 mm. Then the concen- 
tration of the hydrogen ions in the solution is given by 


re *(F-2) = + (10-1). 


ky, \0 50 
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To test the method, experiments were made with an W/20 hydro- 
chloric acid solution. Fourexperiments gave 2°95, 2°75, 2°95,and 2°95c.c. 
of carbon dioxide respectively. Taking the mean, we get for the con- 
centration of the hydrogen ions X=0°049. The value obtained from 
Krannhals’s measurements of the conductivity at 100° is X=0-0475. 
The two methods therefore give concordant results. 

The sensitiveness of this reaction is much greater for small concen- 
trations of hydrogen ions than for large ones. If the effect of the 


Fic. 8.—Oxalacetic acid p-bromophenythydrazone. 
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002 0°03 0°04 
Concentration of H Ions. 


acidity of the substance itself were carefully worked out so that it 
could be corrected for accurately, this might be made a very valuable 
practical method of determining the concentration of hydrogen ions in 
moderately dilute solutions. 


The Velocities of the Reactions. 


We are now in a position to deduce the absolute values /, and k,jof 
the velocity constants of the reactions which take place. From the 
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total amount of carbon dioxide given off in acid solutions of various 
strengths we found k,/k,=0°02. We have also seen (p. 1144) that the 
constant 6, obtained from the rate at which carbon, dioxide is evolved, 
isk, +k,X. We may therefore put 
b = k,{k,/k,+X} = k,(0°02 +X). 

For V/20 H,SO, we had Y=0-0335 and 6=98 x 10-3, 
whence 

k, 183 x 107? sec™}, 
and 

k, = 3°66 x 10~* sec™}, 
that is, the rate of formation of pyruvic acid phenylhydrazone from 
oxalacetic acid phenylhydrazone at 80° is 0:000366 per second, whilst 
that of pyrazolonecarboxylic acid is 0°0183 per second. Using these 
numbers, we can calculate the value of the constant 6 for the other 
dilutions at which experiments were made. The results of this calcula- 
tion are given in the following table : 


Strength of sulphuric Value of b found from Value of b 


acid. curves (Table, page 1151). | 


calculated. 


N/10 “ : 1°46 x 10-3 
N/20 3 0°98 x 10-3 
0 (water) . 0°58 x 10-3 


In the case of water, 0:002 has been allowed for the concentration of 
the hydrogen ions due to the hydrazone itself. It will be noticed that 
the differences from the middle value (that for V/20 sulphuric acid) 
are greater for the values of 4 which are calculated than for those 
found from the experiments. The differences are, however, not much 
greater than the uncertainty of the experimental results. The 
. important thing is that the value of 6 actually increases with the 
acidity of the solution; according to the hypothesis of the decom- 
position of the negative ion, 6 should decrease as the solution became 
more strongly acid. 


Conclusion. ‘ 


The fact that to a great extent the phenomena described in the 
present paper can be quantitatively deduced from two so widely differ- 
ent hypotheses as those which have been examined seems very striking. 
This.is due to the identity of the theory of all linear simultaneous 
irreversible reactions, and to the fact that both hypotheses describe 
the decomposition of oxalacetic acid phenylhydrazone as such a reaction. 

Since the rate of formation of pyrazolonecarboxylic acid is jointly 


1158 JONES AND RICHARDSON: THE DISSOCIATION CONSTANTS OF 


proportional to the concentrations of oxalacetic acid phenylhydrazone 
and of hydrogen ions, it is evident that a molecule of pyrazolonecarb- 
oxylic acid is formed every time a hydrogen ion possesses a certain 
orientation with regard to a molecule of oxalacetic acid phenyl- 
hydrazone. The explanation of this effect of the hydrogen ion is prob- 
ably to be sought in the basic character of the pyrazolone ring. 

It is hoped that interesting results will be obtained when the varia- 
tion with the temperature of the velocity constants, k, and k,, of the 
two reactions under consideration has been investigated. 

Finally, we wish to thank Mr. Fenton for his kindness in handing 
over this problem to us, and Professors Liveing and Dewar for placing 
the resources of their laboratories at our disposal. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. 


CXIV.—The Dissociation Constants of Oxalacetic Acid 
and its Phenylhydrazone. 


By Humpurey Owen Jonzs, B.A., B.Sc., Jacksonian Demonstrator in 
the University of Cambridge, and Owen WILLANs RICHARDSON, 
B.A., B.Sc., Coutts Trotter Student, Trinity College, Cambridge. 


In connection with the authors’ work on the decomposition of oxal- 
acetic acid phenylhydrazone, it was of importance to determine the 
dissociation constant of the substance. This was done by determining 
the conductivity of a standard solution at 25°, using Kohlrausch’s 
method. The conductivity of a similar solution of oxalacetic acid was 
also determined in order to see to what extent the introduction of the 
phenylhydrazine radicle had affected the constant. 


Oxalacetic Acid Phenylhydrazone. 


A solution of the hydrazone was made containing one gram-molecule 
in 128 litres. It was found necessary to use a little alcohol to dissolve 
the hydrazone, so that the solvent was really water containing about 
2 percent. of alcohol. (The addition of the alcohol, even when it had 
been carefully purified, increased the conductivity of the water to a 
slight extent.) The conductivity of this solution was found to change 


slowly at 25°, carbon dioxide being slowly evolved and pyruvic acid 


phenylhydrazone formed ; the latter substance crystallised out on 
standing. 
For this reason, readings were taken at definite intervals after the 
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solution was made, from which the variation of the resistance with 
the time could be deduced. By plotting the resistance against the time 
and producing the curve backwards, the value of the resistance for:t =0 
was obtained. This was taken as the true resistance of the solution 
of oxalacetic acid phenylhydrazone. 

The following numbers indicate the rate at which the resistance 
changes : 


Time in minutes. Resistance in ohms. 
11 236 
17 234 
26 233 
- 34 232 
49 231 
77 228 


When these numbers are plotted on squared paper and the curve 
produced backwards, we get the resistance for ¢=0 to be 236 ohms, 
the first reading in the above table being a little too high. Hence the 
molecular conductivity at a dilution of M/128 is found to be 108°5 = py. 
Assuming the molecular conductivity at infinite dilution to be 351 at 
25° (compare Ostwald, ‘‘ Physico-Chemical Measurements”), we obtain 
the following numbers : 


Fraction dissociated m = py/u.. = 0°31. 
Dissociation constant &=0°0011. 


The dissociation constant is usually given as K=100 k=0-11. 
The second experiment with a different solution gave an almost 
identical result, K=0°109. 


Oxalacetic Acid. 


A solution containing one gram-molecule of the acid in 64 litres 
was used. The change in the resistance of this solution with time 
was found to be negligible as shown by the following numbers : 


Time in minutes. Resistance in ohms. 
6 62°1 
10 61°6 
21 61°4 
41 61°4 
56 61°6 


On boiling the solution, cooling, and again measuring its resistance 
at 25°, it was found to have only changed to 59°5 ohms. It is evident 
that the decomposition products of oxalacetic acid, probably a mixture 
of oxalic, acetic, and pyruvic acids, have at this: dilution almost the 
same conductivity as the original acid. 
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Taking 61:4 ohms as the true resistance and yp, =354, we get the 
following numbers : 


Dilution. five M = py] bop k 
M/64 208°'5 0°59 0°0133. 


The value of X for oxalacetic acid is therefore 1°33. 


CAVENDISH LABORATORY, 
CAMBRIDGE. 


CXV.—Constituents of Acacia and Gambier Catechus. 
Part I. 


By Artuur Grorce Perkin, F.R.S.E., and E. Yosnrrake. 


Acacia catechu is the tree, common in most parts of India and 
Burma from which the drug acacia catechu (cutch, Pegu, or Bombay 
catechu) is obtained. This product, present in the red heart wood, is 
isolated by extraction with water and evaporation of the extract to a 
pasty condition. A purer substance known as “ kath,” or “the pale 
catechu of India” is prepared by suspending twigs in the hot concen- 
trated extract and collecting the adhering crystals which separate on 
cocling. This is rarely exported to Europe, but is used by the natives 
for chewing with the betel nut. 

Uncaria Gambier, an extensive scandent bush which is met with 
both wild and cultivated in Malacca, Penang, and Singapore is the 
source of gambier catechu (pale catechu or Zerra japonica) ; this is 
isolated by extracting the leaves and twigs with hot water. As 
is the case with the acacia variety a purer product, or “kath” is 
also prepared. 

Gambier catechu is very largely employed in the tanning industry 
and also to a considerable extent for dyeing; the acacia variety, 
however, gives but a hard leather, and is principally used for dyeing 
browns and blacks with chrome and iron mordants, 

These catechus contain a colourless, crystalline substance, which, 
according to some chemists, is homogeneousand consists of one substance 
named catechin ; on the other hand, however, five distinct catechins 
have been described. Catechutannic acid, a derivative of catechu, is 
also present in varying amount, together with quercetin (Léwe, Zeit. 
anal. Chem., 1873, 12, 134; Perkin, Trans., 1897, '71, 1135), some ill- 
defined, amorphous products, and mineral matter. 

Areca catechu, prepared from the betel nut palm and mangrove 
cutch, do not appear to contain catechin. 
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Summary of Previous Work. 


Although catechu has perhaps received greater attention than 
other natural products, the results have been so varied that the 
chemistry of the subject is still in an unsatisfactory condition. 
Catechin appears to have been first described by Nees van Esenbeck 
(Ann. Pharm., 1832, 1, 243), was subsequently examined by Ber- 
zelius (Jahresber., 1837, 14, 235), and more recently by at least six- 
teen other chemists. 

The following formule have been assigned to catechin: C,,H,.O,, 
air-dried (Svanberg, Ann. Pharm., 1837, 24, 215). C,,H,,0,, at 100° 
(Zwenger, Ann. Chem. Pharm., 1841, 37, 320). C,,H,O, +2H,0, air- 
dried (Hagen, ibid., 336). C,,H,,0,+H,O, dried in a vacuum over 
sulphuric acid (Dellfs, Pharm. Centr., 1846, 604). C,,H,,0,5, air-dried 
(Neubauer, Ann. Chem. Pharm., 1855, 96, 337). ©,,H,,0;, at 100° 
(Kraut and Delden, ibid., 1863, 128, 285). C,,H,,O, (Hlasiwetz, 
ibid., 1865, 184, 118). C,,H,,0,, dried at 90° (Etti, Annalen, 1887, 
186, 327). C,,H,.0, (Schiitzenberger and Back, Bull. Soe. Chim., 
1865, [ii], 4, 5). C,,;H,,0,, at 100° (Liwe, Zeit. anal. Chem., 1874, 
13, 113). C,,H,.0,+5H,0, air-dried (Liebermann and Tauchert, Ber., 
1880, 13, 964). C,,H,,0,, dried over sulphuric acid (Etti, Monatsh., 
1880, 2, 547). In regard to percentage of carbon, the formule 
Cy5H}206, CygHy Og, CypHy05, CyyH s0s, CopH 205, and Cy Hy 0, are 
in fairly close agreement, but it seems likely that the remainder 
represent analyses of substances not completely devoid of water of 
crystallisation. 

With the majority of workers, it appears to have been taken for 
granted that but one catechin exists, and Etti (loc. cit.) and Neubauer 
(loc. cit.) state that gambier and acacia catechus contain one and the 
same catechin. This, according to Etti, melts at 140°, and at 
150—160° is converted into catechutannic acid. Gautier (Bull. Soc. 
Chim , 1878, [iij, 30, 567) states, on the other hand, that gambier 
catechu itself contains three catechins, namely, (a) catechin, 
C,)H,,0,,,2H,O, m. p. 204—205° ; (5) catechin, C,.H,,0,,;H,O, m. p. 
176—177° ; and (c) catechin, C,)H,.0,,,H,O, m. p. 163°. Further, 
he isolated from acacia catechu a catechin, m. p. 164—165°; from 
brown catechu, a catechin, m. p. 140°; and from yellow catechu, a 
catechin, m. p. 188—190°. Zwenger (loc. cit.) gives the melting point 
of his catechin as 217°, but the majority of workers, as Wackenroder 
(Ann. Pharm., 1839, 31, 72 ; 1841, 37, 306), Hagen, Neubauer, Kraut 
and Delden, Cazeneuve, and Liebermann ard Tauchert, do not state 
the melting point of their substances. 

The most important decomposition products have been obtained 
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from catechin by means of dry distillation and by fusion with alkali. 
By the former method, Wackenroder detected catechol, and A. Miller 
(Annalen, 1883, 220, 115), acetic acid, catechol, and phenol, whereas 
by the second Hlasiwetz, and also Etti, isolated phloroglucinol and 
protocatechuic acid, and Gautier the same products together with 
formic acid. From his results, Etti considered the following consti- 
tution for catechin as probable : 


C,H, (OH),*CO-0-C,H,(OH):0-C,H,(OH)., 


and regarded the analytical results of Zwenger, Svanberg, Kraut and 
Delden, and Neubauer as too high because these chemists dried their 
substances at 100°, for he found that on long exposure to this tempera- 
ture catechin becomes yellowish-brown. Neubauer (Joc. cit.) found 
that catechin was not a glucoside, and considered that this substance 
and catechutannic acid were related to one another, similarly as gallic 


' acid is to ordinary gallotannin. 


Derivatives.—Weselsky (Ber., 1876, 9, 217) first prepared an azo- 
benzene derivative of catechin and this Etti subsequently obtaiaed in 
a crystalline condition and gave it the formula C,,H,,0,(N,°C,H;).. 
Liebermann and Tauchert describea diacetylcatechin, C,, H,,0,(C,H,0),, 
and its dichloro- and monobromo-derivatives, showing that the 
molecular composition of catechin is represented by C,,H,,Op. 
Amorphous products have been prepared by others, of which Etti’s 
four anhydrides appear to be most important ; the discussion of these, 
however, would have no bearing on the present communication. 


The results obtained clear up, we hope, to some extent the vexed 


question as to the existence of one or more catechins, but their inves- 
tigation is still incomplete, as, unfortunately, our joint work has now 
to cease. The subject, however, will be further studied by one of us, 
as it possesses considerable interest, not only from a dyeing, but also 
from a tanning, point of view. 


Gambier Catechu. 


The raw material employed was the well-known “cube gambier,” 
and was obtained by purchase. 

The finely powdered substance was extracted with ten times its 
weight of boiling ethyl acetate, a solvent suggested by Liéwe and sub- 
sequently employed by Liebermann and Tauchert (loc. cit.). The 
brown extract was evaporated, the residue dissolved in ten times its 
weight of boiling water, and the crystals which separated on cooling 
collected on the pump and washed with a little water. This product 
was again dissolved in boiling water and lead acetate solution added 
drop by drop until a coloured precipitate no longer formed and the 
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filtrate was almost colourless ; the latter, while hot, was treated with 
sulphuretted hydrogen, the lead sulphide removed, and the crystals 
which separated on cooling collected, washed, and drained on a porous 
tile. This process, which is due to Berzelius, was found to be most 
advantageous, the substance being now practically colourless, and the 
yield greater than if this had been effected by frequent recrystallisa- 
tion from water. After crystallisation from 25 per cent. alcohol, the 
product was dissolved in boiling ethyl acetate (10 parts), boiling 
benzene then added (6 parts), and the mixture treated with animal 
charcoal and rapidly filtered. On cooling, colourless, glistening needles 
separated which were washed with benzene and dried at 100°. Thus 
obtained, it sintered slightly at about 140° and melted at 175—177° ; 
evidently it was a pure substance, for fractional crystallisation from 
water, and from dilute alcohol, and fractional precipitation from ethyl 
acetate with benzene did not effect any change in its melting point or 
other properties. As regards melting point, this product coincides 


‘with the (6) catechin which Gautier :isolated from gambier (catechu) ; 


employing this process, however, no (a) catechin (m. p. 204—205°), 
which he describes as present in considerable quantity, could be 
detected. 

Crystallised from water and allowed to dry at the ordinary tempera- 
ture, the catechin contained water of crystallisation. The following 
determinations were made with substance which had been left exposed 
to the air for 2, 4, and 6 weeks respectively : 


(i) 12943, at 100°, lost 02665 H,O. H,O=20°59. 

(ii) 1:2805 ” 0:2600 H,O. H,O=20°31. 

(iii) 1:1790 ” 0:2370 H,O. H,O=20°10. 
On again heating to 110° and subsequently to 160°, (i) and (ii) 
respectively lost 0°0015 and 00037 gram H,O, and although at the 


latter temperature the substance became faintly brown, it is evident 
that practically no decomposition had thus ensued : 


02648, dried at 100°, gave 0°5992 CO, and0°1164H,O. C=61°71; 


. H=4°88. 

01075, dried at 100°, gave 0:2443 CO, and 0:0470 H,O. C=61°97 ; 
H = 4°85. 

0°1140, dried at 160°, gave 0°2588 CO, and 0°0492 H,O. C=61°91; 
H=4°79. 


C,;H,,0, requires C= 62:06 ; H=4°82 per cent. 
C,,;H,,0,, 4H,0 requires H,O = 19°89 per cent. 


As regards percentage composition, these numbers are slightly higher 
than those of Liebermann and Tauchert, but approximate to those of 
Svanberg (C,;H,,0,) and Schiitzenberger (C,.H,.0,); on the other 

4H 2 


1164 PERKIN AND YOSHITAKE: CONSTITUENTS OF 


hand, the water of crystallisation is also in excess of that given by 
Liebermann and Tauchert (C,,H,,0),5H,O), which is 17°78 per cent. 
Etti’s statement that at and over 100° catechin commences to lose 
water of constitution appears to be incorrect, and the low temperature 
at which he dried his substance accounts for the considerably lower 
percentage of carbon which his analyses show. 

This catechin is sparingly soluble in cold water, but readily in alcohol, 
and if air-dried it dissolves in ethyl acetate and to some extent in 
pure ether; on the other hand, when dried at 100° it is practically 
insoluble in the latter solvents. Previous statements as to its ready 
solubility in ether must refer to a commercial ether containing 
alcohol. Aqueous lead acetate gives a colourless precipitate, aqueous 
ferric chloride a green liquid, and the same reagent in the presence 
of sodium acetate a deep violet coloration. With pine wood and 
hydrochloric acid, it gives the phloroglucinol reaction, and with boil- 
ing dilute sulphuric acid brown products resembling Etti’s third and 
fourth anhydrides (Joc. cit.) are formed. It gives no insoluble salt 
with alcoholic potassium acetate, and no compounds with mineral acids 
in the usual manner; moreover, it contains no methoxy-group, and 
is optically inactive. This catechin and also the other catechins here 
described can hardly be considered as mordant dyestuffs, and their 
employment as colouring matters depends on the fact that they 
yield certain brown oxidation products (the so-called rubinic and 
japonic acids). Thus dyed in the usual manner upon wool, chromium 
mordant gives a pale olive, aluminium a very pale buff, and iron a pale 
dull black colour. The other catechins described in this paper 
behave in a similar manner, 

Azobenzene Derivative, C,;H,,0,(N,*C,H;)..—The catechin dissolved 
in one hundred times its weight of a boiling dilute solution of sodium or 
potassium acetates was cooled by ice and treated with diazobenzene 
sulphate as long as a precipitate formed. This, which had a bright 
red colour, was collected, well washed, transferred to a dish, and dried 
on the steam-bath. The yield was 170 per cent. by weight of the 
catechin employed. The finely ground product was extracted with 
boiling alcohol to remove a trace of resinous matter, the residue then 
dissolved in hot nitrobenzene, and treated first with a few drops of 
acetic acid and subsequently with about one-fourth its bulk of boiling 
alcohol. Crystals rapidly separated which were collected, washed 
with alcohol, and recrystallised in a similar manner, animal charcoal 
being employed : 


0:1162 gave 0:2764 CO, and 00464 H,O. C=64:87; H=4-43. 
Found N = 11°50 ; 11°27 ; 11:29. 
C.,H,.0,N, requires C= 65:06 ; H=4°41 ; N=11°24 per cent. 
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It formed minute, salmon-red needles which, on heating, commenced 
to sinter at 185° and melted at 193—195° with decomposition. It is 
almost insoluble in boiling alcohol, but soluble in dilute alkalis with 
an orange-red coloration. The calculated yield of this compound 
according to the above formula is 171 per cent. It is remarkable that 
this compound neither in percentage composition nor in solubility in 
alcohol agreed with Etti’s (Joc. cit.) disazobenzene catechin. As Etti’s 
method differed somewhat from the above, especially in the respect 
that he did not employ sodium acetate, his experiments were repeated. 
It was found that the resulting crude azobenzene derivative, which, as 
he recommends, was dried at the ordinary temperature, is in this con- 
dition somewhat readily soluble in boiling alcohol ; the crystals, how- 
ever, which separate on cooling or by boiling the solution for a few 
minutes, are almost insoluble in boiling alcohol. It melted in a similar 
manner to that described above and there could be vo doubt that they 
consisted of one and the same substance. To his compound, Etti 
assigned the formula C,,H,,0,(N,°C,H;),, and the lower numbers 
which he obtained can only be accounted for on the assumption that 
his substance was not entirely free from alcohol or water of crystallisa- 
tion ; this, experiment showed, is retained with much obstinacy, for the 
substance is not always constant in weight after drying for six hours 
at 100°, and when subsequently dried at 160° frequently lost as much 
as 2 per cent. in weight. There was no evidence of decomposition 
during these drying operations. 

Acetyl Compound, C©,,H,0,(N.°C,H;).(C,H,O),.—The azobenzene 
compound dissolved slowly in boiling acetic anhydride and the solu- 
tion, after digestion for 5 hours, was poured into alcohol. A small 
quantity of a crystalline powder separated, and as the mother liquors 
were dark coloured it appeared likely that the small yield was due to 
the occurrence of some secondary reaction. The product was again 
digested with acetic anhydride for 1 hour, precipitated by alcohol as 
before, and recrystallised by adding alcohol to its solution in hot 
benzene, animal charcoal being employed : 


0°1229 gave 0°2852 CO, and 0°0487 H,O. C=63:27; H=4-40. 
0:1037 ,, 83 c.c. nitrogen at 18° and 756mm. N=9°19. 
C.3H,,0,N, requires C = 63°46; H=4:48 ; N=8-97 percent. 


It forms glistening, orange-red needles melting at 253—255°, and is 
readily soluble in benzene but almost insoluble in alcohol. Judging 
from the behaviour of the azobenzene derivatives of maclurin (Trans., 
1897, '71, 187), phloretin, &c., it had been anticipated that the acetyl 
groups in this compound could be readily determined by Liebermann’s 
method. The sulphuric acid, however, caused some secondary reaction, 
and the product was not disazobenzene catechin, for on heating it com- 
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menced to darken at 220° and had not melted at 275°, From the per- 
centage of nitrogen, there was little doubt that this compound is a tri- 
acetyl derivative, and, consequently, this catechin contains five hydroxyl 
groups (compare acetylmaclurin disazobenzene, loc. cit.). 

Pentabenzoyleatechin, C,,H,O,(C,H,O),.—Attempts to prepare a 
benzoyl derivative by heating the catechin with benzoic anhydride, 
and by the Schotten-Baumann method, were unsuccessful, but Denin- 
ger’s method gave a good result. Two grams of the catechin dissolved 
in 30 grams of pyridine were treated with 23 grams of benzoyl chlor- 
ide, added a little ata time, rise of temperature being avoided. After 
standing 24 hours, the product was washed with water and placed aside 
until it became semi-solid owing to the separation of crystals. It was 
now dissolved in about twice its bulk of methyl alcohol, and the crys- 
tals which slowly separated were collected on the pump, washed with 
alcohol, and recrystallised twice by adding alcohol to its solution in 
acetone. In case the mixture became turbid on cooling, acetone was 
added drop by drop until this disappeared : 

0:1134 gave 0:3078 CO, and 0°0432 H,O. C=7402; H=4:23. 

C;)H,,0,, requires C= 74:07 ; H=4°19 per cent. 

Thus crystallised, it separates in spongy masses of colourless needles 
melting at 151—153°, and is readily soluble in acetone, but insoluble 
in cold alcohol. Alkaline solutions do not dissolve it. 


A molecular weight determination of this substance by the ceryos- 
copic method, naphthalene being employed as solvent, gave the 
following result : . 


0°6249 gram in 11°95 grams of naphthalene depressed the freezing 
point 0°45°. Mol. wt. 813. 
05272 gram in 13:21 grams of naphthalene depressed the freezing 
point 0°35°. Mol. wt. 798. 
The molecular weight of C,,H,O,(C,H,0), is 810. 


This result indicated, therefore, that this catechin has the formula 
C,;H,,0,, and cannot have the high molecular weight required by the 
formule proposed by Schiitzenberger (C..H,.0,) or Liebermann and 
Tauchert (C,,H,,0,). 

Tetrabenzoyl Compound, C,,H,,0,(C,;H,0),.—In the earlier experi- 
ments on the preparation of a benzoyl compound, a crystalline pro- 
duct, not identical with the above, was obtained. Employing sub- 
stantially the same amounts of the catechin and reagents, a compound 
was isolated in the form of colourless prisms melting at 171—172° 
and readily soluble in acetone but almost insoluble in alcohol : 


0°1144 gave 0°3066 CO, and 0:0423 H,O. C=73:09 ; H=4:10. 
01087 ,, 0292300, ,, 00415 HO. C=73°34; H=4:24. 
C,,H,,0), requires C= 73°08 ; H=4'24 per cent, 
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A molecular weight determination gave the following result : 


0°7880 gram in 12-08 grams of naphthalene depressed the freezing 
point 0°637°. Mol. wt. =716. C,,H,,0,,. requires 706. 


It was consequently a tetrabenzoyl derivative. Subsequently it was 
noted that the benzoyl chloride here employed, a somewhat old sample, 
had, through leakage of moisture, been partly decomposed, for on ob- 
taining a fresh supply the pentabenzoyl derivative (m. p. 151—153°) 
was always formed in this manner. 

Fusion with Alkali,—The fusion was carried out in the usual manner 
at 210—220° and gave phloroglucinol (m. p. 210°) and protocatechuic 
acid (m. p. 194—1.6°), as was to be anticipated from the earlier work 
of others. An acid resembling acetic acid is simultaneously formed, 
but its identification was reserved until a larger quantity of the pure 
catechin was available. 

Lead Salt.—If a hot aqueous solution of this catechin containing a 
little acetic acid be treated with lead acetate solution and the pre- 
cipitate removed, the filtrate on cooling deposits catechin together 
with a small quantity of a crystalline lead salt. On extraction with 
hot water, the latter remains undissolved, and is collected, well washed 
’ with alcohol, and dried : 


05247 at 160° gave 0°2640 PbSO,. Pb=34:17. 
05900 ,, 160° ,, 02930 PbSO,. Pb=33-91. 
02988 ,, 160° ,, 0146° PbSO,, Pb=33°53, 


It appears likely that ‘ .°. -*!t has the formula C,,H,,0,,Pb(C,H,0,),, 
. which requires Pbh=33°66 ye cent. It formed minute, colourless, 
glistening, prismatic needles, and was seen under the microscope to be 
homogeneous. A somewhat similar salt was obtained by Lowe (loc, cit.), 
who assigned to it the formula 2C,,H,,0,,3PbO. 


The Catchin of High Melting Point. 


The aqueous mother liquors obtained during the purification of the 
preceding catechin (m, p. 175—177°) were examined with the object 
of isolating Gautier’s (c) catechin (m. p. 163°) if such were present. 
By spontaneous evaporation and by other methods, a further quantity 
of crystalline product was isolated, but this, on purification, melted at 
175—177° and had all the reactions of the catechin described above, 
From the final mother liquors, however, a new substance separated, 
Addition of salt caused the separation of a brown, viscous product, 
which was removed, the clear liquid then extracted with ethyl acetate, 
the extract evaporated, and the residue dissolved in a little hot water. 
On standing, crystals separated which were recrystallised several times 
from water with the aid of animal charcoal. The yield ,of this 
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substance was poor, for at most only two grams of the pure catechin 
have as yet been obtained, but this may to some extent be due to the 
methods employed. Allowed to dry for 10 days at the ordinary 
temperature, it was devoid of water of crystallisation, and experienced 
no loss even when heated at 160°. 


0°1038 gave 0°2348 CO, and 0:0459 H,O. C=61°68; H=4:91. 
01096 ,, 0:2480CO, ,, 0°0479 H,O. C=61'70; H=4°85. 
C,,H,,0, requires C=62°06 ; H =4°82. 


It was obtained as small prisms, as a rule possessing a faintly yellow 
tint, and melted at 235—237°. In its reactions with lead acetate, 
ferric chloride, pine wood and hydrochloric acid, in fact in all its 
properties with the exception of melting point and solubility, it is indis- 
tinguishable from the catechin melting at 175—177°. It does not 
appear to contain a methoxy-group, but until larger quantities are 
available this cannot be decided. There is no record by previous 
workers of a catechin of so high a melting point, although the product 
to which Zwenger assigned the melting point 217° might have contained 
this substance. 

Fusion with alkali gave phloroglucinol (m. p. 210°) and protocatechuic 
acid (m. p. 194—196°) and a volatile acid having the odour of acetic 
acid. 

The azobenzene compound, C,,H,,0,(N,"C,H,),, was prepared and 
purified by identical methods to those employed with the catechin 
melting at 175—177°. The yield of pure substance was 100 per cent. 
by weight of the catechin employed : 


0°1061 gave 10°4 c.c. nitrogen at 16° and 754 mm. N=11°33., 
Cy,H,,0,N, requires N = 11-24 per cent. 


It formed glistening, orange-red needles melting at 215—217° and 
was almost insoluble in alcohol, but soluble in alkaline solutions with 
an orange-red coloration. Its acetyl derivative crystallised in glisten- 
ing needles melting at 250—253°, was readily soluble in benzene, and 
closely resembled the analogous derivative of the catechin melting at 
175—177°: 


0:1008 gave 8°5 c.c. nitrogen at 18° and 754mm. N=9°66. 


Owing to lack of material, it was not possible to preparea benzoyl 
compound, and consequently the molecular composition of this catechin 
must remain uncertain for the present. This, however, appears to be, 
or is closely represented by, C,,H,,0,. 
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Acacia Catechu. 


For the material employed we are indebted to the authorities of the 
Imperial Institute. The sample was labelled “Catechu Extract, 
Acacia Catechu, Surat, Bombay,” and had a pale, flesh-coloured appear- 
ance ; from its comparatively pure nature, it was evidently identical 
with the “kath” referred to in the introduction. To isolate the 
catechin, the method employed was similar to that adopted with the 
gambier catechu, with: the exception that the lead acetate treat- 
ment was omitted. The product was finally purified by crystallisation 
from water until no alteration in the melting point could be observed. 
Dried in the air : 


1:3878 at 100° lost 02180 and at 160° 0:2200 H,O. H,O=15°85. 
1:2966 ,, 100° ,, 0:2018H,O. H,O=15-56. 
11378 ,, 160° ,, 0-1808 H,O. H,O=15'90. 


This catechin, when heated, behaves somewhat peculiarly, as it 
sinters at about 140°, resolidifies on slowly raising the temperature, 
and finally melts at 204—205° with decomposition. That this pre- 
liminary fusion or semifusion was not due to the presence of water 
of crystallisation was determined by experiment, and although the 
substance, when thus treated in quantity,assumed a faintly brown tint, 
the decomposition, if any, which had ensued was practically infin- 
itesimal. In the melting-point tube, the sintering at 140° might almost 
escape notice, but if the tube was at once plunged into the sulphuric 
acid bath at 160°, complete fusion followed by gradual solidification 
ensued. The difficulty now arose as to whether the catechin should 
be considered anhydrous at 100° or at 160°, for although the loss in 
weight between these temperatures is very small, the analytical num- 
bers are affected thereby, as regards the carbon, by about 1 per cent. 
As the substance appears to remain quite constant at 160°, this 
temperature seemed preferable to use, but as at present there isnothing 
definite to decide this point, the distinct analyses are given : 


0°1186 at 110° gave 0°2648 CO, and 0:0514 H,O. C=60°89; H=4°82. 
0:1205 ,, 100° ,, 0°269000, ,, 0°0564 H,O. C=60°88 ; H=5-20. 
0°1275 ,, 160° ,, 0°2895 CO, ,, 0°0568 H,O. C=61-92; H=4°94. 
0°1242 ,, 160° ,, 0:2827C0, ,, 0°0540 H,O. C=62:07; H=4°83. 
C,;H,,0, requires C= 62°06 ; H=4°82 per cent. 
C,,H,,0, ,  OC=6043; H=5°04 ” 
C,,H,,0,,3H,O requires H,O=15°69 ; and C,,H,,0,3H,O requires 
H,O = 16°36 per cent. 


This catechin, judging by its melting point, is identical with 
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Gautier’s'(a) catechin, C,,H,.0,,,2H,O (m. p. 204—205°), but the water 
of crystallisation determined by him is much lower (4°27 per cent.), 
and the result difficult to understand. Again, the analytical numbers 
given by Liebermann and Tauchert (C=60°85 and 60°49; H=4°89 
and 4°96 at 110°) at first indicate that the substance they employed 
was identical with the above, but, on the other hand, the water of 
crystallisation (18-14 per cent.) which they found to be present seems 
to show that they worked with a mixture of the catechins melting at 
175—177° and 204—205° respectively. It is possible also that 
Svanberg’s catechin (C,,H,.0,, air-dried) was the catechin, 
m. p. 235—237°, previously described, and that those of Hagen 
(C,,H,O,,2H,0, air-dried) and Gautier consisted of this substance ad- 
mixed with a small quantity of another catechin. Zwenger has given 
the melting point of catechin as 217°, and this has been adopted by the 
text-books ; at present, however, we have not found any catechin melt- 
ing at this temperature, and have doubts as to the existence of such a 
substance in the pure condition. In view, however, of the extra- 
ordinary differences of opinion among previous workers on catechin, 
these suggestions are made with some reserve, pending an examination 
of other qualities of this dyestuff that have not been included in this 
investigation. 

In general properties, this catechin (m. p. 204—205°) almost exactly 
resembles that previously described (m. p. 175—177°), which was iso- 
lated from gambier catechu ; the former is, however, more sparingly 
soluble in water than the latter. 

When fused with alkali, phloroglucinol (m. p. 210°), protocatechuic 
acid (m. p. 194—-196°), and an acid resembling acetic acid were 
produced. 

Azobenzene Derivative.—This was prepared and purified by methods 
identical with those given above. The yield was 159 per cent. by 
weight of the catechin employed : 


0:1082 gave 0°2580 CO, and 00445 H,O. C=65°02; H=4°57. 

01274 ,, 12:4 cc. nitrogen at 17° and 763 mm. N=11°34. 
C,;H,.0,(N."C,H;), requires C= 65°06 ; H=4°41; N=11°24 per cent. 
C,,H,,0,(N,°C,H;), , C=64:20; H=452; N=1152 _,, 


It was obtained as a glistening mass of small, salmon-red needles 
melting with decomposition at 198—200°, and was very sparingly 
soluble in the usual solvents, but soluble in dilute alkalis with an 
orange-red coloration. 

On digestion for 5 hours with boiling acetic anhydride, an acetyl 
compound was formed which, after purification, consisted of orange- 
red leaflets ; these were readily soluble in benzene or acetic acid and 
melted at 227—229° ; 
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0'1220 gave 0°2843 CO, and 0°0507 H,O. C=63°55; H=4°53. 
01618 ,, 12:9 ¢.c. nitrogen at 12° and 750 mm. N=9°33. 
01084 ,, 875 ” 22° ,, 754 , N=907. 
C,;H,O,(N,*C,H,),.(C,H,O), requires C= 63°46 ; H=4°48 ; 
N=8:97 per cent. 
C,,H,0,(N,°C,H,),.(C,H,O), requires C =62°73 ; H=4°57; 
N =9°15 per cent. 


An attempt to determine the acetyl groups according to Lieber- 
mann’s method was not successful owing to the occurrence of a 
secondary reaction. The analyses, however, indicate that the sub- 
stance is a triacetyl compound, and it therefore appears that the 
catechin from which it is derived contains five hydroxyl groups. 

Pentabenzoyl Derivative, C,,H,O,(C,;H,O);.—This was prepared by 
Deninger’s method, employing 2 grams of the catechin, 30 grams of 
pyridine, and 23 grams of benzoyl chloride. After standing 24 hours, 
the product was isolated by the methods given on page 1166, and was 
thus obtained in beautiful, colourless, prismatic needles which melted 
at 181—183° and were readily soluble in acetone, but almost in- 
soluble in cold alcohol. Three distinct experiments were carried out, 
and in each case the substance had the same melting point : 


0°1143 gave 0°3098 CO, and 0:0442 H,O. C=73-93 ; H=4-29, 
C;)H,,0,, requires C=74:07 ; H=4'19 per cent. 


Molecular weight determinations by the cryoscopic method gave 
the following results : 


0°6125 gram in 13°91 grams of naphthalene depressed the freezing 
point 0°395°. Mol. wt. 780. 
0:5419 gram in 11°85 grams of naphthalene depressed the freezing 
point 0°400°, Mol. wt. 800. 
C,;H,O,(C,H,0,), has a molecular weight of 810. 


It therefore follows that this (a) catechin (m. p. 204—205°) is re- 
presented by the formula C,H, ,O,. 

With lead acetate in the presence of acetic acid, this catechin gave 
a crystalline lead salt, almost identical in appearance with that ob- 
tained from the (d) catechin. As analyses gave 37°50 and 37-00 per 
cent. of lead, this did not appear to be quite pure, and will be further 
investigated as soon as a fresh supply of the raw material is available. 


Summary. 


This investigation shows that at least three catechins exist, namely, 
(a) m. p. 204—205°, (b) m. p. 175—177°, and (c) m. p. 235—237°. The 
two former correspond with the (a) and (6) catechins which Gautier 
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isolated from gambier catechu, and although we have not found the 
(a) variety in our sample of gambier, there is evidence in the work of 
earlier investigators of its presence in some samples of this product. 
It is quite possible that the crude fractional crystallisation which is 
carried out in order to obtain kath may practically consist of the re- 
moval of this substance. This point remains to be investigated. The 
remarkable resemblance which these catechins bear to one another 
caused us at first to believe that they consisted of the same substance, 
and that the varieties of lower melting point were contaminated with 
some impurity. As, however, they differ, not only in melting point, 
but in water of crystallisation, and in the melting points of all their 
various derivatives, such cannot be the case, although it is evident that 
they possess an extremely close chemical relationship. There is con- 
siderable evidence that they all have the formula C,,H,,0,, although 
it cannot be considered as decided in the case of the (6) catechin, which 
may be represented as C,,H,,O0,. This point will possibly be settled by 
a study of the volatile acids which these substances yield on fusion with 
alkali, for it is worthy of note that whereas A. Miller obtained acetic 
acid, Gautier described formic acid as one of the decomposition products 
of catechin. This discrepancy may have arisen owing to the fact that 
these chemists did not employ the same catechin. 

The remarkable similarity between the catechins and the quercetin 
which accompanies them in the plant, possibly as glucoside, is interest- 
ing ; thus they contain the same number of carbon atoms, and the same 
number of hydroxyl groups, and give on decomposition phloroglucinol 
and protocatechuic acid. It is possible, indeed, that the catechins may 
be viewed as reduction products of quercetin, one or other being repre- 
sented thus: 


oH/ / vox So 


\/\ AE OH 
OH CH, 


but much work is, of course, necessary before any definite constitution 
can be asserted. The fact that they give the phloroglucinol reaetion 
with pine wood and hydrochloric acid is of some importance, and 
tends to demonstrate, in so far as evidence is available, that the 
phloroglucinol nucleus is attached to the remainder of the molecule by 
a single bond. A search has shown that this reaction is also possessed 
by —_ phloroglucinol derivatives as maclurin, 
(OH),C,H,-CO-C,H,(OH),, 

phloretin, (OH),C,H,*CO- CH(CH, );C,;H,-OH, and hesperitin, but 
that on the other hand quercetin, 
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OH 
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morin, luteolin, and other compounds of the flavone group do not 
react in this manner. The value of this observation, however, cannot be 
certain until other phloroglucinol compounds are available for examin- 
ation in this way. 

The further investigation of these catechins and of the catechus, 
especially in regard to catechutannic acid, is in progress, and at the same 
time a study of cyanomaclurin (Trans., 1895, 67, 939) is being continued. 
This substance, it is now found, contains a phloroglucinol group, and, 
like the catechin, readily gives the reaction of this phenol; most 
probably it is a member of the catechin group, and appears to differ 
mainly from the above compounds in that one of its hydroxyl radicles 
is situated in a different position. 

Kinoin (Etti, Ber., 1878, 11, 979) from Malabar kino, has been 
considered by some as possibly identical with catechin, but as.a trace 
which was prepared some years ago in this laboratory by Etti’s method 
dyed a pale yellow with alumina mordant, this seems unlikely. 


Addendum.—lIt is necessary to add that the results of this work 
were completed before the publications of Kostanecki and Tambor 
(Ber., 1902, 35, 1867 and 2408) and Kostanecki and Krembs (¢bid., 
2410) appeared. These authors have obtained their catechin from 
Merck of Darmstadt, but give no melting point for their substance. 
A preparation from this firm, obtained some years ago, melted at 
175—177° after purification, and as the water of crystallisation found 
by these authors coincides with that present in (6) catechin, it is 
evident they have worked with this substance. Under these circum- 
stances and owing to the prior publication of their results, the further 
work will be chiefly concerned with the (a) and (c) catechins, the 
examination of which is reserved. 


We are indebted to the Research Fund Committee of the Chemical 
Society for a grant which has been in part employed to cover the 
expenses of this research. 

CLOTHWORKERS RESEARCH LABORATORY, 


Dyr1nc DEPARTMENT, 
YORKSHIRE COLLEGE. 
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CXVI.—Notes on Luteolin and Apigenin. 
By Arruur Georce Perkin, F.R.S.E. 


Kintani AND Mayer (Ber., 1901, 34, 3577) have recently shown that 
Fleischer’s digitoflavone (Ber., 1899, 32, 1184) is identical with 
luteolin, the yellow colouring matter of weld. As the latter author 
only obtained a tribenzoyl derivative anda tribenzenesulphonate from 
his substance, it appeared to contain but three hydroxyl groups, 
whereas luteolin had been previously shown to contain four (Trans., 
1896, 69, 209). Had Fleischer, however, critically examined his 
acetyl derivative, he would have found that four acetyl groups were 
present. In their paper, Kiliani and Mayer make the somewhat 
sweeping statement, ‘‘ Durch Benzoylirung des Digitoflavons nach‘der 
Vorschrift Fleischer’s und nach der von Perkin wurde nur ein Tri- 
benzoat erhalten” ; thus, employing the Schotten-Baumann method, 
they obtain a substance melting at 200—201° (my melting point for 
tetrabenzoyl-luteolin), which on analysis they find to be a tribenzoyl 
derivative. On further treatment by Deninger’s method (Ber., 1895, 
28, 1322), they converted this into tetrabenzoyl-luteolin (m. p. 200°5°). 
Now as tri- and tetra-benzoyl-luteolin respectively require C = 72°24, 
and C = 73°50 per cent., and I previously obtained C = 73°33 per cent., a 
portion of my original substance, which had been placed in the 
museum of this department, was analysed again : 


0°1068 gave 0°2868 CO, and 0:0370 H,O. C=73°:24; H=3°84. 


Again, some luteolin was prepared from weld and benzoylated by 
the Schotten-Baumann method. It melted at 200—201°: 


01098 gave 0-2962 CO, and 0:0380 H,O. C=7357; H=3-84. 


Tt was therefore a tetrabenzoyl compound. 

To leave no doubt as to the accuracy of this result, a sample of 
tetrabenzoyl-luteolin, prepared according to the directions of Kiliani 
and Mayer, was crystallised from benzene in which an equal weight 
of the substance obtained by the Schotten-Baumann method had been 
dissolved. Asa result, its melting point was unaltered, and there 
could be no doubt that the two substunces were identical. 

In the first experiments with the object of preparing tetrabenzoyl- 
luteolin by Deninger’s method, an unexpected result was obtained, due, 
as was subsequently discovered, to the use of an old sample of benzoyl 
chloride of poor quality. Thus the product was very sparingly soluble 
in benzene, melted at 217—218°, and, as analysis showed, was evi- 
dently Fleischer’s tribenzoyl-luteolin (m. p. 219°): 


0°1134 gave 02990 CO, and 0:0383 H,O. C=71:90; H=3°75. 


ee ee ee ee a, 
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On heating with benzoic anhydride, this yielded the above tetra- 
benzoyl! derivative. 

It is well known that by the Schotten-Baumann method higher or 
lower benzoyl derivatives result according to the concentration, and the 
quantity of the alkaline liquid which is employed, probably also the 
rapidity or otherwise with which the benzoyl chloride is added, may 
affect the result. Thus Schunck and Marchlewski (Trans., 1894, 65, 
187), employing one part of caustic soda with eight parts of water, 
obtained heptabenzoylruberythric acid, but with a 10 per cent. sol- 
ution only a hexabenzoyl derivative was formed. I have usually 
experimented with a solution of 1 gram of the substance in 30 c.c. 
of the 10 per cent. alkaline liquid. 

As both Fleischer and I obtained the tribenzoyl-luteolin by distinct 
methods, it seems likely that in the reaction the formation of this 
compound precedes that of the tetrabenzoyl-luteolin. Should this be 
the case, the existence of Kiliani and Mayer’s tribenzoyl-luteolin 
(m.p. 200—201°) is difficult to understand. 

In his paper on luteolin (Ber., 1900, 33, 3416), Kostanecki does, not 
notice that the correct melting point for acetyl-luteolin is given in one 
of my recent papers (Trans., 1899, '75, 831). The earlier melting point, 
213—215°, was too low, and led to the suspicion that a trace of a 
second colouring matter was present ; this was subsequently shown to 
be apigenin (Trans., 1900, '7'7, 1314). 


Apigenin. 


Since the previous communication (Trans., 1900, ‘77, 416), Czaj- 
kowski, Kostanecki, and Tambor (er., 1900, 33, 1988) have synthe- 
sised apigenin,* and the constitution assigned to this substance (Trans., 
1897,'71, 806) is thus completely established. To this substance, and also 
to chrysin, I have assigned feeble tinctorial properties, which these 
authors appear to doubt, for the following statements occur in their 
paper. “Das 1:3:4’-Trioxyflavon fiarbt ebenso wie das Chrysin, 
gebeizte Baumwolle nicht an.” ‘‘Das Vitexin soll nimlich nach 
Perkin gebeizten Kattun anfirben und soll .... ein Glykosid des 
Apigenins. ...sein. Als Begriindung fiir diese Ansicht fiihrt 
Perkin unter Anderem an, dass das Puriri-Holz ahnlich dem Apigenin 
firbt. Lindenborn halt aber .... dass das Apigenin kein beizenzeih- 
ender gelber Farbstoff ist.” This statement is full of inaccuracies, as 
I do not once refer to “ gebeizten Kattun,” 1 have not said that 
“ Puriri-Holz ” dyes like apigenin, and finally I have considered 

* A misprint occurs in Trans., 1897, 71, 815. The melting point of acetyl- 


apigenin dicthyl ether,I find on referring to my notebook, should be written as 
151—152°, and obviously not as 181—182°. 
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vitexin to be apigenin with a side chain attached, and possibly a 
stable glucoside of this substance. Other references to the tinctorial 
properties of these substances are as follows: “Gebeizte Baumwolle 
wird durch Chrysin nur sehr wenig gefarbt, man erhalt auf Thonerde 
ein ganz blasses Schwefelgelb ; auf Eisen ein schwaches Kastanienbraun 
(Rupe ‘ Die Chemie der naturlichen Farbstoffe,’ p. 69).” “ Apigenin und 
Methyl-luteolin differiren wenig in der Intensitit der Farbung. Bei 
ersterem kann kaum von einersolchen gesprochen werden, Methy]-luteolin 
firbt etwas besser Beide sind keine Farbstoffe ; man kann mit 
keinem von beiden Koérpern nur annahernd einer Farbung erzielen. . . .” 
(Vongerichten, Ber., 1900, 33, 2337). As I have previously shown, 
mordanted wool is far preferable as a test of the dyeing properties of 
these and allied colouring matters than mordanted calico ; thus, whereas 
rhamnazin yields well-defined shades with the former, towards the latter 
it hardly behaves as a dyestuff. In the case also of wool mordanted 
with aluminium and iron, it is beneficial to add a trace of chalk to the 
dye-bath. 

Now, although I was the first to prepare chemically pure apigenin 
(by means of the ethyl ether), the material I principally employed, as 
Vongerichten has shown, was contaminated with a trace (not more than 
half a per cent.) of luteolin methyl ether, which, from its close resem- 
blance to apigenin, I did not at first suspect to be present. Vongerichten 
was able to obtain a very crude specimen of the substance (/oc. cit., 
p. 2335), containing about 50 per cent. of the glucoside of luteolin 
methyl ether. Such being thecase, fresh specimensof apigenin and chrysin 
were prepared and submitted to most exhaustive purification. Dyeing 
experiments with these corroborated in all respects the results pre- 
viously given, and there can be no doubt that these substances possess 
a distinct, though feeble, dyeing property. In other words, it is impos- 
sible to prepare specimens of chrysin or apigenin which do not behave 
in this manner, and although the shades are weak, and for practical 
purposes useless, the matter is scientifically interesting, and can be 
used for purposes of identification. It was the chocolate shade given 
by the iron mordant which first pointed to a similarity in constitution 
between apigenin and vitexin, and later work has considerably en- 
hanced this view. It has been previously pointed out (Trans., 1896, 
69, 1290) that both gentisin and euxanthone behave as feeble dyestuffs 
towards mordanted wool, but according to Rupe (loc. cit, p. 9) 
“ Euxanthon hat keine firbenden Eigenschaften.” 


CLOTHWORKERS’ RESEARCH LABORATORY, 
DrzeInc DEPARTMENT, 
YORKSHIRE COLLEGE. 
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CXVII.—The Action of Ungerminated Barley Diastase 
on Starch, Part I. 


By Juuian Levert Baker. 


For some time it has been known that ungerminated barley contained 
a starch transforming enzyme which showed marked differences from 
the diastase of germinated barley in regard to liquefying action on 
starch paste. Lintner and Eckhardt (J. pr. Chem., 1889, [ii], 41, 91), 
however, showed that a difference existed in the chemical nature of the 
two diastases. They caused equal quantities of aqueous extracts of 
barley and of malt, having equal hydrolytic powers, to act on soluble 
starch at varying temperatures for the same length of time, and then 
determined the reducing power in each case. The results of the 
reaction were expressed in curves in which the abscisse represented 
temperatures and the ordinates reducing powers. The forms of the 
two curves were different, for whilst the optimum temperature for a 
conversion with malt extract lies between 50° and 55°, that for barley 
diastase is between 45° and 50°. The hydrolytic power of barley 
diastase at 4° is as high as that of malt diastase at 145°. Brownand 
Morris (Trans., 1890, 57, 505) discussed the origin and distribution of 
this diastase, which they termed translocation diastase, in the barley 
corn. It is the diastase of raw grain and is characterised by its 
inability to erode starch granules or to liquefy starch paste. The 
diastase secreted by the epithelium during germination was called 
‘‘ diastase of secretion” ; it possesses all the properties of malt dias- 
tase, is able to erode and dissolve starch granules, and to liquefy and 
saccharify starch paste. 

Although a well defined difference in the properties of the two 
diastases has been recognised by investigators, an examination of the 
products of the action of diastase on starch has only been made in the 
case of malt diastase. In view of an investigation I am carrying out 
on the change in the chemical character of diastase during the ger- 
mination of barley, I found it necessary to examine carefully the pro- 
ducts formed by the action of ungerminated barley diastase on starch. 
As will be seen later, these products differ markedly from those 
obtained by the hydrolysis of starch with malt diastase. 

When soluble starch is subjected to the action of barley diastase at 
50° for one to two hours, the mixed products soon acquire a reducing 
power of & 60 to 65, and this value is only slightly augmented by con- 
tinuing the action. In this respect, the reaction resembles that of 
malt diastase, both enzymes exhibiting an apparent ‘‘resting stage” in 
their action towards starch. Brown and Heron have shown (Trans., 
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1879, 35, 596) that when malt diastase acts on starch paste at a tem- 
perature of 55° the product consists of 80 per cent. of maltose and 20 per 
cent. of a “stable dextrin’ having a specific rotatory power [a], 196° 
and a reducing power & 55. This “stable dextrin” (Brown and 
Millar, Trans., 1899, '75, 315), when acted on by an active diastase, was 
hydrolysed only to the extent of 30 per cent. after 48 hours at 55° 
with the production of equal quantities of glucose and maltose. 

When barley diastase acts on soluble starch at a temperature of 50° 
for 2 hours, 60 to 65 per cent. of maltose and 35 to 40 per cent. of 
dextrin are formed. The dextrin gives a blue reaction with iodine 
and has a specific rotatory power [a]p) 190—195° anda reducing power 
R05 to 1:0. Barley diastase hydrolyses this dextrin very slowly, 
producing maltose and a small quantity of glucose, but malt diastase 
acts on it more vigorously. In starch conversions made with barley 
diastase, glucose cannot be detected during the first 6 hours ; experi- 
mental evidence will be adduced showing that this sugar makes its 
appearance in the later stages of the conversion. 

The action of barley diastase has also been studied on starch paste 
at 50° and on soluble starch at the ordinary temperature. With 
starch paste, liquefaction occurs in about 3 hours, but although the 
reaction is slower, the products are similar, only one dextrin and 
maltose being obtained. On continuing the action for many hours, 
traces of glucose are formed. A solution of soluble starch, when sub- 
jected to the action of barley diastase, very soon acquires a reducing 
power of # 60. No glucose was formed even if the hydrolysis was con- 
tinued for several days. 

Two amylodextrins have been described, one by Nigeli (Beitrage 
stir Kentniss der Stirkegruppe, Leipzig, 1874) the other by Lintner 
and Diill (Ber., 1893, 26, 2533). Nageli’s dextrin was reinvestigated 
by Brown and Morris (Trans., 1889, 55, 449). It was obtained by 
the action of dilute acid on starch and had the constants [a], 208°42 
and X 8°93. Malt extract hydrolysed it rapidly to maltose. Lintner 
and Diill’s amylodextrin may be regarded as amorphous soluble starch. 
It had a specific rotatory power of [a]p 196°, and was without action 
on Fehling’s solution. When acted on by malt diastase, it behaved in 
a manner similar to starch paste. Wroblewski (Ber., 1897, 30, 2108 ; 
Chem. Zeit., 1898, 22, 375), who prepared amorphous soluble starch 
by the action of dilute alkali on starch, considered amylodextrin to 
be the second product formed by hydrolysis, soluble starch being con- 
sequently the highest dextrin. Syniewski (Ber., 1897, 30, 2415; 
1898, 31, 1791) treated starch with sodium peroxide and obtained a 
product, 30,H,,0,,H,O, very similar to Wroblewski’s, which he also 
termed soluble starch ; this substance gave a pure blue coloration 
with iodine, did not reduce Fehling’s solution, and at 20° had a specific 
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rotatory power [a], 195°3° in a 10 per cent. solution. It will be 
observed that some confusion centres around the expression “ amylo- 
dextrin.” Wroblewski’s and Syniewski’s soluble starches are appar- 
ently very similar substances to Lintner and Diill’s amylodextrin, 
but Nageli’s amylodextrin, by virtue of its reducing power, is obviously 
lower down in the scale of starch conversion products, In view of 
these circumstances, and until more is known concerning the initial 
products of the hydrolysis of starch, I propose to call the dextrin 
which has been isolated by the action of barley diastase on starch 
a-amylodextrin. 

Barley diastase hydrolyses starch paste with ease, but the time taken 
to reach the “resting stage” is longer than with malt diastase, At a 
temperature of 50°, a 3 per cent. starch paste was completely liquefied 
in 3 hours, and at the end of 12 hours the iodine reaction was blue 
and the solution had a reducing power of R,.,. 60°11. The products 
consisted of maltose and a-amylodextrin. When the reaction was 
continued for 72 hours, the iodine reaction was violet, the specific 
rotatory power of the solution was [a ]p g-93 154'50°, and the reducing 
power R,.,, 68°40. The products consisted of maltose, a very small 
quantity of glucose, and a-amylodextrin. 

At the ordinary temperature, barley diastase hydrolyses soluble 
starch, forming from 60 to 65 per cent. of maltose and 35 to 40 per 
cent. of a-amylodextrin. The speed of the hydrolysis is not so rapid 
as at 50°, and on continuing the action for 144 hours no trace of 
glucose could be found. 


EXPERIMENTAL. 


Throughout this investigation, precipitated barley diastase, prepared 
according to Lintner’s instructions (J. pr. Chem., 1886, [ii], 34, 378), 
was employed. One hundred grams of finely ground barley were 
mixed with 300 c.c. of 20 per cent. alcohol, and after standing for 12 
hours the mixture was filtered and the filtrate precipitated with 2} 
times its volume of 94 per,cent. alcohol. The precipitated diastase 
was collected on a filter, washed with alcohol, and dissolved in 100 e.c. 
of water, or, if desired, the preparation was dried in a vacuum over 
sulphuric acid. 

The soluble starch used in these experiments was prepared in the 
usual way by digestion with 7 per cent. hydrochloric acid in the cold. 

The reducing powers were estimated according to the conditions 
laid down by Brown, Morris, and Millar (Trans., 1897, '71, 72); the 
specific rotatory powers were determined ina Schmidt and Haensch 
Laurent instrument, using sodium light, 
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Action of Barley Diastase on Soluble Starch at 50°. 


In order to form some idea of the speed of hydrolysis, the following 
experiment was carried out: 2000 c.c. of a freshly prepared solution of 
soluble starch were cooled to 55° and 100 c.c. of barley diastase sol- 
ution added. The resulting temperature was 50°. Portions were 
taken out at intervals and poured on to 1 c.c. of a 10 per cent. 
solution of potassium hydroxide to stop further diastatic action. 
The solutions were then cooled and analysed. The concentrations 
varied from 2°5 to 2°8 calculated on the divisor 3°93 ; the colora- 
tion with iodine throughout was blue. 


Time in minutes. Reducing power. Time in minutes, Reducing power. 
1 9°10 20 57°70 
14°44 30 52°70 
23°20 40 58°90 
5 29°90 50 58°40 
7 34°08 60 58°20 
10 38°37 180 65°30 
15 46°60 


The drop in the reducing power between the intervals of 20 and 30 


minutes is not due to experimental error. In the many time conver- 
sions carried out under the conditions just described, the decrease is 
always noticeable and generally occurs between 10 and 30 minutes 
after the addition of the diastase. After that, the hydrolysis proceeds 
normally until a reducing power of 60—65 is reached. Ling and Davis 
(J. Fed. Inst. Brewing, 1902, 8, 481) have observed a similar phe- 
nomenon in the prolonged action of malt diastase on starch. They 
state that it is an invariable occurrence at the final stage of the 
hydrolysis, and that it appears to mark the end of the reaction. 

To ascertain if there is a resting stage in the action of barley 
diastase on starch, the hydrolysis was cgrried further. A conversion 
similar to that just described was made at 50°, and portions with- 
drawn at the end of 3, 6, 24, 48, and 96 hours and analysed : 


Time. Iodine reaction. [a ]p3-93- Rs: 93 
3 hours, Blue — 62°40 
moe ‘ — 62°60 
24 «SCG; - —_ 61°30 
48 Violet 153°3° 61°95 
96 153°6 64°30 


From these results, it may be concluded that the hydrolysis is prac- 
tically complete in 1—2 hours. 
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Isolation of the Conversion Products. 


One hundred grams of soluble starch were dissolved in 3000 c.c. of 
boiling water, and when the solution had cooled to 50°, the precipi- 
tated diastase from 100 grams of barley dissolved in a small quantity 
of water was added. The temperature was kept at 50° for 6 hours ; 
the conversion products had a specific rotatory power [a ]p3.3 160°, a 
reducing power R,.., 61:20, and a blue iodine reaction, The solution 
was evaporated down to a thin syrup, poured into 24 litres of boiling 
95 per cent. alcohol, and boiled for 1 hour under a reflux condenser. 
The dextrin which separated had a blue iodine reaction and a re- 
ducing power of R,... 7°54. This dextrin was collected, dissolved in 
water, and the cold solution poured into cold 90 per cent. alcohol. It 
separated in a bulky, flocculent condition with a specific rotatory power 
[a ]pg-93 188°6, and a reducing power of Ry... 1°5. The alcoholic solu- 
tions were collected and the resulting syrup analysed. It had a 
specific rotatory power [a]ps.9, 135°2°, and a reducing power 
R.9, 98°40. When treated with phenylhydrazine, it yielded pure 
maltosazone. On allowing the syrup to stand, pure maltose separated 
out. 

Under these conditions, maltose and a-amylodextrin were the only 
products. It was necessary to continue the hydrolysis for a longer 
period in order to determine, firstly, if any dextrin or dextrins of less 
complexity than a-amylodextrin were formed ; secondly, if a sugar 
other than maltose was produced. 

A conversion of 3000 c.c. of 4 per cent. soluble starch was carried 
out at 50° with the precipitated diastase from 100 grams of barley, 
and portions were withdrawn at the end of 6, 24, 48, and 96 hours 
and examined. 

After 6 Howrs.—The solution gave a blue iodine reaction and hada 
reducing power #;.., 62°60. It was evaporated and poured into 94 
per cent. alcohol. The resulting dextrin had a reducing power Rj.9, 5°40, 
whilst the sugar obtained from the alcoholic solution had a specific 
rotatory power [a ]p3-93 136°50°, anda reducing power of 2.9, 100°6. 
When the sugar was treated with phenylhydrazine, pure maltosazone 
only was obtained. 

After 24 Howrs.—The solution had a blue iodine reaction and a re- 
ducing power of £.., 61°32. It was precipitated with alcohol as in 
the preceding instance, and a dextrin with a reducing power of 
R59, 450 and a sugar solution having the constants R,.., 100 and 
[ @ ]ng-9g 129°4° were obtained. When the sugar solution was treated 
with phenylhydrazine, maltosazone and a small amount of glucosazone 
were isolated. 
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After 48 Hours.—The solution had a blue iodine reaction and the 
constants [a |p3.93 153°3°* and Ry.9, 61°95. On precipitation with alco- 
hol, a dextrin with a reducing power R,.9, 6°42 and a mixture of 
maltose and glucose having the constants [a ]pg.9, 131°3° and R5.9, 102°1 
were obtained. On treatment of the sugar solution with phenylhydr- 
azine, maltosazone and glucosazone were isolated. 

After 96 Howrs.—The iodine reaction was still blue, and the con- 
stants of the solution were [a]p3.9, 153°6° and Ry.o, 64°30. When 
precipitated with alcohol, the dextrin had a reducing power of 
Ryo, 4°52, whilst the sugar solution had the constants [ a ]p9.9, 1312 
and R,.o, 98°20. The latter, on treatment with phenylhydrazine, 
yielded a considerable quantity of glucosazone in addition to malt- 
osazone. 

The crude a-amylodextrins obtained from this experiment with the 
reducing powers of 5:40, 4°50, 6°42, and 4°52 respectively, were col- 
lected, dissolved in water, and the cold solution poured into cold 94 
per cent. alcohol. The pure a-amylodextrin separated as a flocculent 
precipitate with a reducing power of R,.9, 0°96. The alcoholic solution 
was examined and found to contain nothing but maltose. 

Sufficient evidence is afforded by the results of the last experiment 
to justify the statement that by the prolonged action of barley 
diastase on soluble starch, 60 to 65 per cent. of maltose, 35 to 40 per 
cent. of a-amylodextrin, and a small quantity of glucose are formed. 
There was no indication of any dextrin of less complexity than 
a-amylodextrin being present in the products of hydrolysis. 

Before the amylodextrin was examined in detail, the action of barley 
diastase on pure maltose and a-amylodextrin was studied in order to 
determine the origin of the glucose in the conversion products. 

A solution of pure maltose with the constants [a]p3.9, 138°1° and 
R593 100°97 was acted on for 90 hours at 50° with a considerable 
quantity of precipitated barley diastase. The solution then had the 
constants [ a }pg.93 134°8° and R,.., 96°60, and when treated with phenyl- 
hydrazine pure maltosazone only was obtained. 

A solution of a-amylodextrin with a reducing power of R.9, 0°96 
was treated with barley diastase under similar conditions and examined 
at the end of 90 hours. The solution, which had a violet iodine 
reaction and the constants [a p99, 161‘1° and R.o, 31°07, was 
evaporated and poured into alcohol. The separated dextrin had the 


* It is necessary for barley diastase to act for some hours on soluble starch or 
starch paste before the specific rotatory power can be determined. After being 
hydrolysed for 24 hours at 50°, the solution ‘‘ breaks,” and a flocculent substance 
separates which can be removed by filtration. In this connection, it may be noted 
that Syniewski (Joc. cit.) observed that a substance which he regarded as a ‘‘ rever- 
sion” product separated from solutions of soluble starch on standing. 
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constants [ a ]p3-93 186°90° and R,.o, 3°48 ; the portion soluble in alcohol 
was treated with phenylhydrazine, and maltosazone and glucosazone 
were isolated. This result proves that the glucose observed: in the 
products resulting from the prolonged hydrolysis of starch by 
barley diastase has its genesis in a-amylodextrin and not in maltose. 


a-Amylodextrin. 


The most convenient way to prepare this dextrin is to allow barley 
diastase to hydrolyse 3 per cent. starch paste or soluble starch at 
50° until the solution “‘ breaks.” The flocculent precipitate, which has 
been referred to before, is removed by filtration and the filtrate 
evaporated to a thin syrup, poured into boiling 95 per cent. alcohol, 
and boiled under a reflux condenser for an hour. The alcoholic 
solution containing the sugars is decanted off and the dextrinous 
residue extracted several times with boiling alcohol. It is then 
disolved in cold water and poured into cold 90 per cent. alcohol. It 
separates as a bulky precipitate, and in the dry state is a snow-white 
powder. a-Amylodextrin is sparingly soluble in cold, but readily 
soluble in hot, water. In aqueous solution, it gives a pure blue color- 
ation with iodine. 

Many determinations have been made of its constants. These varied 
between [a |p9.9, 190—195° and R,.., 0°56—2. Generally the reducing 
power was R,..,1. It proved to be impossible to free the dextrin 
of its reducing property towards Fehling’s solution. 


Behaviour of Malt Diastase towards a-Amylodextrin. 


A solution of a-amylodextrin was treated with precipitated malt 
diastase at 55° for 18 hours. At the expiration of this time, the iodine 
reaction had vanished and the solution had the constants [ a]p3.93 149°3° 
and FR... 50°51. The products consisted of maltose, a considerable 
quantity of glucose, and achroo-dextrins. In a subsequent communi- 
cation, I hope to be able to give a more detailed account of the 
products formed in this reaction. 


Action of Barley Diastase on Starch Paste at 50°. 


Several experiments have been carried out for the purpose of compar- 
ing the action of barley diastaseon soluble starch and starch paste. Sixty 
grams of potato starch were made into a paste with 2 litres of water, and 
when the temperature had fallen to 50°, 50 c.c. of barley diastase were 
added and the temperature maintained at 45—50°. The starch paste 
became perceptibly thinner in 14 to 2 hours, and in 3 hours it was 
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quite limpid. Portions were withdrawn and analysed at intervals of 
2, 20, and 72 hours. 


Time. Iodine reaction. [@ ]ps-93- Rs-93° 


2 hours Blue — 38°70 
 s — 60°11 


7 « Bluish-violet 158°6° 64°40 


The products of this conversion were isolated and found to consist 
of a-amylodextrin with the constants [a ]p3-9, 191°2° and R59, 3°86, 
maltose, and a very small quantity of glucose. To ascertain if this 
dextrin was the same as that resulting from the action of barley 
diastase on soluble starch, it was submitted to the further action of 
barley diastase at 50°. After 20 hours, the iodine reaction was violet, 
the specific rotatory power [a]ps.9, 184°, and the reducing power 
Ryo, 14°66. This dextrin thus exhibits the same resistance to the 
action of barley diasta: ) as does a-amylodextrin. 


Action of Barley Diastase on Soluble Starch at the Ordinary 
Temperature. 


Thirty grams of soluble starch were dissolved in 1000 c.c. of water, 
and to the cold solution 25 c.c. of a solution of barley diastase were 


added. The constants of the conversion were taken at intervals of 
20, 72, and 144 hours: 


Time. Iodine reaction. [ @ ]pg: 93° Ry-99 
20 hours Blue 162°90° 62°20 
a - 162°20 59°60 

144 _~Cs«,, Bluish-violet 161:20 66°60 


The products of the hydrolysis were examined and found to consist 
of maltose and a-amylodextrin with a specific rotatory power of 
[a]p 195°4° and R,.o, 3°30. Glucose does not appear to be formed at 
the ordinary temperature. 


Action of Barley Diastase on Barley Starch. 


That barley diastase acts with considerable hydrolytic power to- 
wards barley starch is shown in the following experiment. About 
5 grams of a very pure sample of barley starch were suspended in 
100 c.c. of water in which 0°25 gram of barley diastase was dissolved. 
A small quantity of toluene was added and the flask and its contents 
kept at a temperature of 35°. The reducing power was determined 
after filtering off the starch, a correction being made for the slight 
reducing power of the diastase. 

After 20 hours, a reduction equivalent to 0°0811 gram of maltose 


~~ eo && Mm we meet Oe 
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was obtained, and after 72 hours this had increased to 0°1080 gram 
of maltose. 


In conclusion, I desire to express my thanks to Mr. R, F. Dunn 
for assistance in the analytical portion of this paper. 


Messrs. WATNEY, CoMBE AND REID’s BREWERY, 
Lone AcrE, W.C, 


CXVIII.— The Preparation of Mixed Ketones by Heating 
the Mixed Calcium Salts of Organic Acids. 


By Ernest Bowman Lupiam, M.fe. (Vict.). 


THE method of heating a calcium salt in a sulphur vapour bath so as 
to form the corresponding ketone and of removing the ketone, as soon 
as formed, by a current of carbon dioxide (Young, Trans., 1891, 59, 
623) gave such remarkably good results in the case of dibenzyl ketone 
that it seemed desirable to test its general applicability, and, in parti- 
cular, to extend the method to the case of mixtures of calcium salts. 

As the yield of crude ketone was 93 per cent. in the simple case 
where the calcium salt of only one acid was heated, and the whole 
preparation was effected with ease, it appeared probable that interesting 
information would be obtained as to the course of the decomposition 
if the simple salt were replaced by mixtures. Had the yield of 
unmixed ketone not been so good, it would have made it very difficult 
to draw any conclusions of value when dealing with mixtures, for, in 
addition to the slight loss in the formation of the ketones, there is the 
increased difficulty of separating them from one another and obtaining 
them pure. 

On subjecting a mixture of two calcium salts to the action of heat, 
three ketones are formed and collect together in the distillate. It is 
possible by collecting the distillate in fractions to effect a preliminary 
separation, which, however, is only slight, as the ketones are formed 
simultaneously, distilling and condensing together. This fact made it 
important to select such ketones as could easily be separated by a 
subsequent fractional distillation, and this was also convenient for 
another reason, namely, that in connection with another investigation 
a ketone was required in which the two groups attached to the 
carbon atom of the carbonyl group should be markedly different. 

The acids first employed were acetic and phenylacetic. On heating 
mixtures of the calcium salts of these two acids, dimethyl, methyl 
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benzyl, and dibenzyl ketones are obtained, and as they boil respectively 
at 56°, 217°, and 330°, there is no difficulty in separating them by 
fractional distillation. Moreover, the mixed ketone contains the two 
radicles methyl and benzyl, which were sufficiently unlike to render 
the ketone a suitable one for further investigation. 

Subsequently calcium phenylacetate was distilled with calcium 
propionate and with calcium butyrate respectively. The fractionation 
of the ketones obtained from these salts was again quite an easy 
operation. 


Preparation of Methyl Benzyl Ketone. 


The preparation was carried out with various proportions of the 
two salts, starting with a slight excess of calcium phenylacetate, then 
using molecular proportions of the two, and, later, increasing the 
proportion of acetate. 

(1) In the first distillation, 20 grams of calcium acetate, previously 
well dried by heating in an air-bath to 140°, were thoroughly mixed 
and ground in a mortar with 45 grams of dry calcium phenylacetate, 
the latter weight being 5 grams in excess of the calculated quantity 
required to form a molecular mixture. 

The mixed salts were placed in a parting flask and heated to the 
temperature of boiling sulphur ; a current of washed and dried carbon 
dioxide was passed through and maintained until the decomposition 
was complete. During the heating, there was just a little frothing, 
but although the mass became viscid and semi-transparent it did not 
become quite liquid. The ketone collected’in the capillary tube in 
columns which were carried over into the receiver by the current of 
carbon dioxide. Towards the close of the distillation, the product 
became darker in colour and white fumes were formed which con- 
densed with difficulty, forming a dark coloured oil. 

Table I gives in the first column the weights of the three ketones 


Taste I, 
Mols. Calcium Acetate: Calcium Phenylacetate : : 1 :1°125. 


‘ : Per cent. 
Weight in Per cent. Per cent. number of 


Ketone. 
etone grams. mol. wt. mols, 


(CH,).CO 0°115 16°1 
a 0°448 62°5 
(C,H;),CO 0°152 21°2 
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as estimated from the results of the fractional distillation. The 
second column gives the percentage weight of each ketone in the 
mixture, the third column this weight divided by the molecular weight 
of the ketone, and the last column the percentage number of molecules 
of each ketone. 

(2) A second distillation was carried out in which molecular pro- 
portions of the calcium salts were employed, namely, 20 grams of 
calcium acetate to 40 grams of phenylacetate. The heating was effected 
precisely as in the preceding case, but the arrangements for con- 
densing were improved, as it was thought there might have been a slight 
loss of acetone, due to its having been carried away by the carbon 
dioxide. 

The crude distillate, after drying over ignited potassium carbonate, 
weighed 27 grams and on fractionation gave the figures set forth in 
Table IL. 

Tase II. 


Mols. Caleiwm Acetate: Calciwm Phenylacetate::1:1. 


Per cent, 


Ketone. 


Weight in 
grams. 


. Per cent. 


Per cent. 
mol. wt. 


number of 
mols. 


(CHs),00 
C,H, CO 
(C,H,),CO 


7°4 
59°3 
33°3 


0°1276 
0°4430 
0°1514 


177 
61°4 
21°3 


These figures show that the greater part of the product is the 
benzyl methyl ketone. The calculated yield of this ketone, if none 
others were formed, would be 34 grams, Actually, 17 grams were 
obtained, so that when molecular proportions of the two calcium salts 
are taken, the yield of the mixed ketone is only 50 per cent. of the 
amount theoretically possible on the assumption that it was the only 
ketone formed. 

In determining the proportion of the ketones present, rather more 
certainty would have been obtained if the method of mid-points had 
been employed (Young, Trans., 1902, 81, 752). This was not known 
at the time, but, making allowance for some slight inaccuracy due to 
imperfect fractionation, the last column shows that the number of 
molecules of mixed ketone is three times the number of molecules of either 
of the other two. 

The low figures for acetone would not permit the above statement 
to be made with much confidence were it not for the fact that some 
acetone must have been carried.away by the rapid current of carbon 
dioxide. The weight of the dibenzyl ketone should be three times 
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that of the dimethyl ketone, whereas the figures obtained gave a ratio 
more nearly three and a half to one ; but, as the number of molecules 
of dimethyl ketone produced should be equal to the number of 
dibenzyl ketone molecules, for the original mixture contained the 
two calcium salts in molecular proportion, it seems not only justifi- 
able, but necessary, to assume that the acetone has been lost by. 
evaporation. ; 

(3) The next distillation was of a mixture containing 25 grams of 
calcium acetate and 35 grams of calcium phenylacetate. The ratio of 
molecules in such a mixture is 1°4 of the former to 1 of the latter. The 
results of the distillation are embodied in Table III. Unfortunately, 


, TasiE IIL 
Mols. Calcium Acetate: Calcium Phenylacetate ::1°4: 1. 


cm Per cent. 
Weight in Per cent. Per cent. number of 


Ketone. ' vaal aaa. 
grams. mol, wt, mols, 


(CH,),CO | 74 0°2999 35°5 
56°5 0°4217 50°0 
26°1 0°1243 145 


the total yield was only about 80 per cent. of that obtained in some 
of the other experiments, and the figures are of much less importance 
than those derived from experiments in which the total yield of crude 
unseparated ketones was greater. 

(4) Two mols. of calcium acetate with one mol. of calcium phenyl- 
acetate. This molecular ratio is obtained almost exactly, if equal 
weights of the two salts are employed. In the actual experiments, 
30 grams of each of the two salts were taken, ground together, and 
heated as before. The results obtained from one of these distillations 
are contained in Table IV, showing that the yield of acetone molecules 


TasBiE IV. 
Mols. Caleiwm Acetate: Calcium Phenylacetate::2:1. 


; ; Per cent. 
Weight in Per cent. Per cent. number of 


Ketone. 
one grams. mol. wt. mols. 


0°445 48°0 
0°372 40°2 
0°11 11°8 
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in the distillate is approximately 50 per cent., and of the remainder 
four-fifths are of the mixed ketone and one-fifth dibenzyl ketone. 


Preparation of Ethyl Benzyl Ketone. 


As this ketone was not wanted in any considerable quantity for 
investigation, but only to serve as a check on results obtained with 
methyl and propyl benzyl ketones, between which it stands in the 
series, the calcium salts themselves are not so carefully purified, fewer 
distillations were carried out, and the final purification of the ketone 
was not so elaborate. The results are, in consequence, not strictly 
comparable with those obtained in the other two cases. 

In point of time the experiments were not performed until several 
months after the preparation of the other two ketones had been 
completed and their investigation commenced 

It was then found desirable to prepare this ketone, and see if it 
yielded derivatives possessing properties intermediate between those 
exhibited by the corresponding derivatives of the other two ketones, 
and this was found to be the case. 

Twenty grams of calcium propionate, and 30 grams of calcium 
phenylacetate were mixed together and heated. Then the operation 
was repeated, and the crude distillate purified by fractionation. 

In this case, the diethyl ketone boils at 103°, ethyl benzyl ketone at 
227°, and dibenzyl ketone, as before, at 330°. 

From 48 grams of crude distillate the three ketones were obtained as 
shown in Table V, and a further purification gave 12°5 grams of pure 
ethyl benzyl ketone. 


TABLE V. 
Mols. Calcium Propionate: Calcium Phenylacetate::1:1. 


: ; Per cent. 
Weight in | Por cent. Per cent. | number of 


Ketone. ee 
: grams. mol. wt. mols. 


0°1456 24°6 
0°2683 45°3 
0°1790 30°1 


Preparation of Propyl Benzyl Ketone. 


(1) Molecular mixtures of calcium butyrate (25 grams) and calcium 
phenylacetate (37 grams) were distilled in precisely the same manner 
as described under the preparation of methyl benzyl ketone. Three 
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distillations yielded the figures contained in the first three columns of 
Table VI, the fourth column being the means from which the figures 


Taste VI. 
Mols. Calcium Butyrate: Calcium Phenylacetate ::1 : 1. 


Weight i 4 
ee Per |Per cent.| Per cent. | Per cent. 
Ketone. ek, anak number | number 
L II III. |Mean * "| of mols. | of mols, 
(C,H,),CO ......... 6 5 5 53 | 18°5 | 0°1626 | 25°6 22°4 
CH > CO veel 16 | 17 | 19 | 17:8 | 60°4| 0-8734] 58:7 | 60° 
(C,H,),CO ......... 5 6 7 6 20°1 | 0°0998 | 15°7 17°5 


in the succeeding columns are derived. In the last column, the percentage 
number of molecules is calculated from the last and best of the three 
distillations. It shows satisfactory agreement with the corresponding 
figures for methyl benzyl ketone. 

(2) Two distillations were then made of a mixture containing 37 
grams of calcium phenylacetate and 30 grams of calcium butyrate. This 
is in the proportion of one molecule of the former to 1:2 molecules of 
the latter, and the results are tabulated as before. 


TasBLe VII. 
Nols. Calcium Butyrate: Calcium Phenylacetate : : 1:2 :1. 
Weight in grams. Por cant, .| Percent 
Ketone. Per cent. | a number of 
I. Il. Mean. | mols. 
(CgHy)gCO......2000: ‘ 6 6 19°5 | 0°1697 26°5 
CH > CO arid 19 20 | 195 | a7 | o-sees | 60x 
(GyH,)gQCO .....00- 5 5 5° 178 | 0-0845 13-1 


In this case, as was to be expected, the percentage number of 
molecules of the lowest ketone has increased, that of the highest has 
decreased, but the middle ketone has not suffered diminution. 

As this ketone had not been described, its exact boiling point was 


not known. 


A careful fractionation was accordingly performed, a 


“rod and disc”’ still-head being first employed, but later this was re- 
placed by a “‘ pear” dephlegmator possessing twelve bulbs. Finally, 
after seven distillations, a major fraction was obtained boiling between 
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243° and 244°, and the boiling point of the ketone consequently lies 
between these limits. The barometric pressure was 755 mm., and 
a very small Geissler thermometer was used, the whole of the column 
of mercury being immersed in the vapour of the boiling liquid. Since 
the above determination was made, the ketone has been obtained by 
an entirely different method (Blaise, Compt. rend., 1901, 183, 1217), 
and the boiling point given is 238—241°. 

This specimen is described as possessing the odour of aniseed, which 
is absent when prepared as described above, although the ketone has a 
characteristic odour. 

Its density was d 0°/0°=1-0090. Two determinations of its mole- 
cular weight in boiling benzene solution gave 164 and 161, whereas 
C,H,"CO-C,H, has the mol. wt. 162. The apparatus employed was a 
modification of Landsberger’s, which forms the subject of the following 
note (p. 1193). 


Mode of Decomposition of the Calcium Salts. 


With regard to the mechanism of the changes which take place 
when the calcium salts of organic acids are heated, the figures obtained 
in the preparation of methyl benzyl ketone throw some light on the 
problem. 

It is unlikely that absolute uniformity in the results could be obtained, 
however carefully a series of determinations was performed, and how- 
ever thoroughly the two salts were ground and mixed. As already 
stated, the mass never becomes liquid, but the decomposition takes 
place when a pasty stage has been reached. At this stage, the form- 
ation of any one of the three possible ketones is determined by prox- 
imity. The results obtained indicate something of the nature of a 
selective affinity, bending towards the production of the mixed ketone 
in preference to the simple ketone. 

Apart from this, the problem is apparently one of chances, Tabulat- 
ing the ratio of the molecules of the salts originally taken and the 
molecular yields of ketones obtained, we obtain Table VII, which shows 


TasBLE VIII. 


. Per cent. number of mols. of ketone obtained. 
Mols. calcium 


acetate : calcium 


phenylacetate. Dimethyl. Methyl benzyl. Dibenzyl. 
1:1°125 161 62°5 21°5 
1:1 17°7 61°4 21°3 
14:1 35°5 50°0 is 
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the effect that varying the proportion of the calcium salts has on the 
yield of the ketones. 

An attempt to plot a probability curve failed owing to the small 
number and insufficient accuracy of the experimental values. 

Writing the graphic formule of the calcium salts thus : 


) ) 
Ul 
CH,—C—O0—Ca—0—C—0H, 


C,H,-CH,—C—0—Ca—0—C—OH, 0, H, 
O O 


it may be considered that this represents something of the actual 
internal arrangement of the molecule, and, if the chain remains 
straight, or even approximately so, it is probable that the decomposi- 
tion is in reality produced by the interaction of two molecules which 
have ranged up alongside each other, thus : 


Q 
ao 


hehe vee 

iO : 

C,H, —CH,— bol —ca—0\—C—-0H, °O,H; 
O 


giving 
2CH,°CO°CH,°C,H, + 2CaCO,. 

If this explanation is correct, the production of mixed ketone 
depends on the collisions between the molecules of the different salts, 
and these depend, firstly, on the mixing, inasmuch as the fusion is 
not complete, and, secondly, on the relative proportions of the two 
salts present. 

It is clear that' where molecular proportions have been taken the 
chances that the molecule of one salt will collide with a molecule of 
its own kind, or with a molecule of the other salt, are even. This 
being so, it would naturally be expected that half of the product 
would be mixed ketone, and the other half would consist of the simple 
ketones in molecular proportion, that is, the maximum yield of mixed 
ketone should be 50 per cent., and of the other two 25 per cent. each. 
Reference to Table VIII will, however, show that this is not the case, 
nor is there any close approximation to it. Consequently it seems 
probable that there is some directing force favouring the formation of 
the mixed ketone. 

From a practical point of view, the figures in Table IX show that 
the best yield of mixed ketone obtainable from a given weight of the 
more expensive salt, in this case calcium phenylacetate, is obtained by 
using a large excess of the cheaper salt. 
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TasLe IX. 


Weight of 
Weight of Weight of mixed ketone 
calcium mixed ketone | per 100 grams 

phenylacetate. obtained. of calcium 
phenylacetate. 


Weight of 


iment. A 
Experi calcium acetate. 


The increase in the yield shown in experiment 5 as compared with 
that in experiment 1 is sufficiently marked. The intermediate stages 
are fairly well represented by the figures as displayed, with the excep- 
tion of experiment 3, owing to the fact that in this experiment the 
yield of all three ketones was poor. There is little doubt that the 
average of a number of experiments would have yielded a value nearer 
45 than 37 when the errors due to a single experiment were elimin- 
ated. 


My thanks are due to Dr. F. E. Francis and Professor Young for 
the use of materials and apparatus which were placed at my disposal, 
and for suggestions during the course of the work. 


UNIVERSITY COLLEGE, 
BRISTOL. 


CXIX.—A Simple Form of Landsberger’s Apparatus for 
Determining the Boiling Points of Solutions. 


By Ernest Bowman Lupxay, M.Sc. 


Since the appearance of Landsberger’s original paper (Ber., 1898, 31, 
458), several modifications of his apparatus for determining molecular 
weights by the boiling point method have been described. 

Walker and Lumsden (Trans., 1898, '7'7, 503) increased the rapidity 
with which a number of consecutive determinations could be accom- 
plished by graduating the tube in which the rise of temperature was 
measured, and, instead of weighing the solvent, measuring its volume. 
The volumes were reduced to weights by multiplying by the density of 
the boiling solvent, or, what comes to the same thing, in calculating 
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the molecular weight from the observations a constant was used, 
obtained by dividing the usual constant by the density of the boiling 
solvent. 

A simplification in the arrangement was effected by Smits (Proc. XK, 
Akad. Wetensch. Amsterdam, 1900, 3, 86), who placed the boiling tube 
inside the flask in which the solvent was boiled, but did not graduate 
his tube. 

What may be considered a distinct improvement was added by 
C. N. Riiber (Ber., 1901, 34, 1060), namely, a reflux arrangement 
something like that employed in a fat extractor for returning the 

condensed vapour again to the flask 


| in which it was generated. This 
apparatus gives good results, but is 
somewhat elaborate in design, and 
seems too fragile to come into 
general use in the laboratory. 
About fifteen months ago I re- 
quired an apparatus which would 
be easy to work with, and with 
which good results could be ob- 


2 
“ez tained when only small quantities 
* of the substance, of which the mole- 
Stes cular weight was being investigated, 
were available. After devising 


\e several forms, the one described 
\ below was finally adopted. It com- 


bines the good points of Walker’s 
and of Smits’, and in addition 
possesses features of its own. 

Unfortunately, it has not been 
found possible to introduce any 
reflux arrangement, and at the same 
time to preserve simplicity. Riiber 
sacrifices simplicity, and his ad- 
vantage for specially accurate work is a very real one, inasmuch as 
the same solvent is used continuously, and consequently any error 
due to the solvent not being perfectly pure is greatly diminished, 
and also less of the solvent is required than in the apparatus here 
described. 

The solvent is contained in an outer flask, A, of 300 c.c. capacity, 
and possessing a wide neck provided with a small side tube, S, through 
which the solvent is introduced. The flask is fitted with a large cork, 
through which passes the tube B, about 10 cm. in length and 2°6 cm. 
in diameter, 
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In the side of this tube is a small hole, 6, to allow of the 
passage of the vapour from the boiling liquid into B, and then into C. 
B is fitted with a cork carrying the innermost tube, C, graduated, and 
tapering off sharply at the bottom to a small hole. This aperture is 
made to serve as a valve by means of a little spherical glass bead (v) 
fused to a platinum wire. The bead is inside the tube, and the wire, 
passing through the hole, is bent at right angles at a short distance 
below. 

In this way, the bead is allowed just a little up and down motion, 
but cannot be carried away from the opening by a rush of vapour or 
liquid, and it allows the stream of vapour to pass easily up into the 
tube from below, whilst preventing the liquid in the tube from rapidly 
flowing out into B when the boiling in A is checked. This is all that 
is required, for the bead need not fit the aperture exactly. 

The liquid can flow from C into B—which is convenient—but only 
very slowly. The clip on the tube connected to S can be removed to 
allow access of air when the boiling is stopped and the apparatus 
allowed to cool. 

The top part of the tube C is wider than the lower graduated 
portion, and between the two is an annular trough formed by blowing 
a bulb, and then, while the glass is still soft, gently pressing the 
lower tube up into it and so producing a fold in the glass. Any 
vapour condensing in the upper part of the tube flows into this trough 
and is carried away by a side piece to the condenser. By this device, 
very little condensed vapour is returned to the graduated tube, and 
the volume of liquid in the tube does not increase so rapidly as it 
otherwise would do. This trough was the suggestion of Dr. Young, 
and is a valuable addition to the efficiency of the apparatus. 

The thermometer is held by a cork which closes the wide neck of 
this tube, and in the larger forms a side tube was also provided, as 
shown in the figure, for the introduction of the substance under 
investigation in the form of pellets, or, in case it was a liquid, by 
means of a pipette in the usual manner. 

The side piece was no convenience in the smaller forms of the 
apparatus owing to the fact that the stem of the thermometer occupied 
so much space in the narrow tube that there was a danger of the 
pellet falling into the trough instead of into the graduated tube. 

It was found in practice to be more convenient and satisfactory 
rapidly to remove the thermometer, drop in the pellet, and then replace 
the cork immediately. 

To carry out a determination, the flask A is half filled with the 
solvent selected, the tubes B and C and the thermometer are fitted 
into their places, and the condenser attached to the side tube from C. 
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Then the liquid in A is heated by a small, carefully regulated flame 
and maintained in a state of gentle ebullition. 

The vapour passes upwards into the neck of the flask, round the tube 
B, and through the little hole, 4, into the space separating B and C. 
Then it descends to the valve,througk which it passes upwards into C, 
and so away to the condenser. In this way, the innermost tube, in 
which the increment of temperature is measured, is protected by a 
double layer of vapour and hot glass from external influences. 

At the commencement, when all the tubes are cold and the thermo- 
meter also, a considerable portion of the vapour condenses and accumu- 
lates in the inner tube C. Through this liquid the vapour passes, the 
valve causing it to break up into a stream of bubbles which serve the 
double purpose of heating and thoroughly stirring the liquid. After 
the vapour has been passing through the apparatus for a few minutes, 
the tubes get hot, and subsequent condensation in them is slight. 
Hence the liquid accumulates only very slowly in the tube C, the 
actual rate depending on the substance, its boiling point, and heat of 
vaporisation. In the case of benzene, the tube was usually filled in 
about half-an-bour or a little longer, whereas with carbon disulphide 
the increase in volume due to condensation was so slight that it was 
frequently necessary to add the liquid solvent in order to obtain suit- 
able readings, and even then the tube was not full after the vapour 
had been passing for an hour and a half. It was found that the tube 
filled more rapidly when the boiling was vigorous than when it was 
gentle, provided that, in the latter.case, the stream of vapour was not 
intermittent. 

The temperature rises very rapidly to within a few tenths of the 
true boiling point and then gradually attains the constant position. 
This may take a quarter of an hour from the commencement, the 
actual time depending on the rapidity of the boiling, and to some 
extent on the previous bistory of the thermometer, for if the instru- 
ment has been recently used for determining the boiling point of the 
same solvent several times in succession, and has not been used for any 
other purpose, it very rapidly gives a constant reading. 

The temperature of the pure solvent having been ascertained in this 
way, a known weight of the substance under examination is dropped 
into the boiling solvent, and as it dissolves the temperature rises, 
attaining a maximum in a few minutes, and then falling very slowly 
as the volume of the solution increases. _ 

When the maximum temperature is observed, a reading of the volume 
is made. The thermometer is raised above the'surface of the liquid by 
sliding it upwards through the cork, and is not removed from the tube 
at all, If the boiling flask is touched with the cold hand, sufficient 
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cooling takes place to stop the stream of bubbles through the graduated 
tube, and an accurate reading of the volume can be taken. The valve 
prevents the solution running back into B, the correct volume is easily 
read off, and the boiling once more allowed to proceed. The whole 
operation of reading the volume need not take more than twenty 
seconds. By taking several readings, there is no difficulty in obtaining 
three or four determinations from one quantity of substance, and 
practically without disturbing the thermometer. 

Further, a second pellet of the substance may be added, and, after 
taking several readings, a third may be introduced, Thus, in one case, 
using carbon disulphide as solvent, three pellets were introduced and 
seven readings were obtained without interrupting the boiling for more 
than a few seconds. 

In order to ensure a uniform rate of ebullition, the gas supply 
was regulated by the device due to Sakurai (Trans., 1892, 61, 995) 
whereby alteration in gas pressure is minimised. The bench gas tap 
is opened to the full and is connected to two bunsen burners, one 
much larger than the other. The large one is kept burning full on, 
and the small one has its supply of gas further regulated by a screw 
clip. As the smaller flame is using only a small fraction of the 
quantity of gas used by the large burner, the latter acts as a most 
efficient regulator for changes in the gas pressure, which may be consider- 
able in a laboratory where there is a continual turning off and on of 
other taps by students. 

Trials were made with the apparatus in which the dimensions of the 
parts were varied considerably, but the size and proportions given in 
the figure were finally regarded as the best for most purposes. A 
larger size is possibly a little more accurate, owing to the temperature 
being steadier, but with increase in the size, more of the substance is 
required, and more of the solvent is used. The accuracy of the volume 
reading remains proportionally the same whatever the diameter of 
the tube. 

If the boiling tube C had adiameter much smaller than 1°6 cm., the 
results obtained were always too high, and this is probably due to the 
rush of vapour past the thermometer. The vapour is at a lower tempera- 
ture than the solution, and the thermometer consequently records a 
temperature slightly below that of the liquid, hence the observed incre- 
ment is smaller than it ought to be, and the molecular weight calculated 
from it comes out higher than the true value. The large bulb of the 
ordinary Beckmann thermometer nearly fills a tube of 1:3 cm. bore. For 
this reason, a Beckmann thermometer with a particularly small bulb, 
and graduated only to tenths of a degree, was ordered, but while 
awaiting its arrival, a cheap paper scale instrument graduated over 
50° range in fifths of a degree was used, and below will be found 
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results obtained with it. It is interesting to compare the total cost of 
this apparatus, using such a thermometer, with the expensive and 
elaborate contrivances usually considered necessary. The whole of 
the apparatus as described above can be made by a novice in the art 
of glass blowing, and, including the thermometer, need only cost a 
few shillings, 

Withanaccurate and delicate thermometer having a very small bulb it 
should be possible to reduce the size of the apparatus so that it 
occupies no more space in the laboratory than an ordinary melting 
point apparatus ; it could be kept permanently in position, and except 
for the one weighing, a determination of molecular weight need be no 
more trouble than a careful melting point determination. 

Although the apparatus was not designed to give specially accurate 
results, but rather rapid determination with only slight error, never- 
theless, comparing the results which have been obtained with it and 
with the modern Beckmann apparatus both by myself and by students 
who have had no previous practice with either, it is undoubtedly superior 
as regards accuracy also. 

Below are given figures which have been obtained at various times 
during the last fifteen months, some the result of experiments 
expressly performed to test the apparatus, the remainder obtained in 
the ordinary course of laboratory work. 

The first molecular weight determined by the apparatus was that of 
propyl benzyl ketone in benzene, and, in addition to reading the 
volume, the weight of the solvent was also taken : 


| 

| Con- 

| centra- 
Weight! Temp. tion. 
Substance. in | incre- js Grams 

grams. | ment. per 

100 
c.c. 


0 260 | 0°40 13 
| wt. 10°79 gms. 


Propyl — ketone.. 


The internal diameter of the boiling tube in this case was 1°8 cm., 
and a large bulb Beckmann thermometer which had been set apart 
for determinations with boiling benzene was used. 

With a tube of 1°6 cm. diameter, but similar in all other respects, 
the following results were obtained : 
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Substance. 


Volume. 


| Con- 
centra- 
tion. 
Grams 
per 
100 
c.c. 


0°78 
0°10 


1°87 
1°10 


wt. 11 gms. 
2°9 c.c. 


101 
103 


93 
93 


+8 
+10 


With the smallest tube, 1°3 cm. in diameter, a large number of 
determinations were made with aniline, all of which were much too 
high. As typical, the result of one of these is given: 


Substance. 


Weight 


Incre- 
ment. 


16°" 
1-4* 


0°80 
0°66 
0°57 


Volume. 


Con- 
centra- 
tion. 


5°6 
6°4 
. 5°63 gms, 


wt 


92 
97 
104 


93 
93 
93 


-1 
+1 
+11 


* In this case, the thermometer used was the small one mentioned above, graduated 
in fifths of a degree from 50° to 100°. 


The following figures were all obtained by means of the apparatus 
as described above in its final form, the solvent being alcohol : 


Substance, 


Weight 
in 
grams. 


Incre- 
ment, 


Volume. 


| 

| Con- 

centra- 
tion. 


Mm’. 


0°53 


eoscocooooscooorHE 
Em OD ATH wm O00 Oe 


OO DENK AN OOO 


i 
& Bm ST ST OO 00 00 DO O87 


~Ind & 
X 


Doon pw ord er 


NATIT OW WOOT 
SANWASAMASONWAKRS 


177 
174 
179 
179 


* Allowing the solution to cool and then weighing it, the value obtained for M 
was 92, indicating that the volume reading was not accurate. 
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The difficulty in obtaining good determinations of molecular weight 
increases greatly with the size of the molecule, and still more if there 
is an accompanying diminution in solubility. Some substances of this 
kind were under investigation, and their molecular weights were 
determined by this method. For example, the additive compounds of 
dibenzyl ketone and deoxybenzoin with benzylidene-m-nitraniline gave 
the following figures : 


| 
x | 
Weight | Con- Ob- 


Volume. centra-| served 
tion. 


Co7H20;No 


The last was a most interesting determination, for the substance was 
only sparingly soluble in boiling jbenzene, and the pellet did not 
dissolve completely. The temperature rose to its maximum value and 
then remained absolutely constant while the volume was slowly in- 
creasing. The rise in boiling point was the difference between the 
boiling points of the pure solvent and of the saturated solution of the 
substance in it, the latter remaining constant as long as there was 
solid remaining undissolved. 

When the volume had increased sufficiently, all the substance 
dissolved and the readings were taken, the result being quite satisfac- 
tory. 

A determination of the same substance in pyridine gave 410, 
instead of 412 as obtained in this case with benzene. 

The use of pyridine for molecular weight determinations has been 
recommended by Rose Innes (Trans., 1901, '79, 261), but he employed 
the Beckmann method, and found that owing to the length of time 
that his corks were subjected to the action of the pyridine vapour it 
was necessary to protect them, otherwise they lost their springy 
nature and shrivelled up into a hard material like wood. Owing to 
the rapidity of the determination by the method now described, no 
such difficulty was encountered. 

The density of boiling pyridine is almost exactly unity, the weight- 
constant is 29°5, therefore 29°5 was also taken as the volume- 
constant : 
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Con. 
Substance, Weight.) Rise. | Volume.|centra-| M. | MM’. | per 
tion. cent, 


0°187 | 0°185 


| 
Deoxybenzoin benzylidene- : , 
m-nitraniline, Cy,H».0,N, 106 18 | 410 | 422 | -8 
BUCCIBIC ACIG....0.6 0000000000000 .| 0°230 | 0°40 | 14 17 124 | 118 | +5 
Metaldehyde ...........s..sss000 0°11 0'9 
joneeadineebeduntdel 0°18 1°2 


Many inorganic salts dissolve in pyridine, but they form compounds 
with it in so doing. 

An interesting observation was made in the case of mercurous 
chloride. When this salt is boiled with pyridine, it is rapidly decom- 
posed, giving mercury and mercuric chloride, the latter of which 
combines with the pyridine, and the compound crystallises out in 
hard, fine needles, 

This seems to afford valuable evidence as to the condition of the 
mercurous chloride molecule. In Debray’s experiments, the mercury 
was removed from the sphere of action by means of the gold tube 
cooled by a stream of water. In Victor Meyer’s experiment, it was 
their different volatility that separated the mercury and mercuric 
chloride. In this case, the mercuric chloride is removed by the pyridine, 
and the dissociation proceeds to completion although the temperature 
is only 115°. 

Metaldehyde, so far as I can ascertain, has not been investigated 
in boiling solutions, but the molecular weight in phenol and thymol 
has been determined by the cryoscopic method and found to corre- 
spond to three times the molecular weight of aldehyde, which result is 
now confirmed by this method. 

Carbon disulphide was found to bea very convenient solvent for use 
in this apparatus, and a large number of determinations were made 
with it. It was first used because it was found necessary to deter- 
mine the molecular weight of some substances at temperatures lower 
than that of boiling benzene or alcohol in order to prevent decomposi- 
tion. It also possessed the further advantage for our purpose that, 
like benzene, it was an associating solvent, and would be most likely 
to give as high a molecular weight for a substance as it was capable 
of assuming at such a temperature. For instance, Riiber (Ber., 1901, 
34, 1060) obtained the value 264 for the molecular weight of benzoic 
acid in carbon disulphide, whereas in alcohol he obtained 112, the 
calculated value for C,H,*CO,H being 122. 

The ordinary constant for carbon disulphide is 2370 ; dividing by the 
density at the boiling point (1°:225) this gives 1930 as the constant 
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for use with volume readings. As an example, we give below the 
results obtained with methyl acetoacetate benzylideneaniline : 


Con- 
Substance. Weight. Volume. |centra- 
tion. 


The first of these four determinations took place 35 minutes after 
introducing the substance. 

As it did not all dissolve at first it was necessary to wait until 
sufficient carbon disulphide had collected to dissolve it. The fourth 
reading of the series was taken 40 minutes later ; decomposition had 
evidently been steadily taking place. 

In another series of determinations with the same substance, after 
8 minutes the molecular weight was 247. Seven readings were 
taken in the course of an hour, the last giving a molecular weight 
181. 

Owing to the rapidity with which the solution attains a state of 
equilibrium, or proceeds on a course of gradual displacement in one 
direction, and the ease with which the thermometer records the 
condition of the solution, the apparatus should prove useful in tracing 
the course of reactions such as the above, 


UNIVERSITY COLLEGE, 
BRISTOL. 


CXX.—The Action of Substituting Agents on Benzene- 
azo-B-Naphthol. 


By J. T. Hewirr and 8. J. M. Auto. 


Tue authors recently communicated the results they had obtained in 
studying the action of bromine on benzeneazo-a-naphthol, and now 
describe the action of bromine as well as of nitric acid on benzeneazo- 
B-naphthol. 

Some years ago, Margary (Gazzetta, 1883, 18, 438) added bromine 
in molecular proportion to a solution of benzeneazo-$-naphthol in 
glacial acetic acid; the product obtained melted at 160—161° and 
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was recognised as p-bromobenzeneazo-B-naphthol from the fact that 
p-bromoaniline was obtained on reduction with stannous chloride and 
hydrochloric acid. As has frequently happened in cases of this sort, 
no precautions were taken to avoid the influence of mineral acids, and 
it was thus of interest to repeat the bromination with addition of 
sodium acetate, as well as to study the action of nitric acid of various 
concentrations. 


Action of Nitric Acid, 


Action of Nitric Acid of sp. gr. 1:15.—Two grams of benzeneazo-f- 
naphthol were added to an excess of nitric acid (sp. gr. 1°15). 
Apparently no change took place in the cold; the mixture was then 
heated over wire gauze until a vigorous reaction set in, when the 
flame was withdrawn. The reaction being finished, excess of cold 
water was added, the solid residue collected, and washed free from 
nitric acid. After drying and recrystallisation from benzene, a 
brownish-red powder was obtained melting at about 168°, and 
obviously consisting of a mixture of substances. The powder proved 
to be for the greater part soluble in hot dilute sodium hydroxide 
solution ; on cooling, a sodium salt separated in such quantity as to 
form a thick, crystalline paste. The crystals were collected, again 
recrystallised from hot water, and decomposed with hydrochloric acid. 


The substance obtained melted at 191° (uncorr.) after recrystallisa- 
tion from hot glacial acetic acid, from which solvent it was deposited 
as small, pale yellow needles : 


0°1479 gave 15°4 c.c. nitrogen at 19° and 745mm. N=11°90. 
C,,H,O;N, requires N = 11-99 per cent. 


The identity of the compound with 1: 6-dinitro-8-naphthol, 
C,,H,;(NO,),"OH, was fully established by the fact that when mixed 
with a specimen of this substance it did not depress its melting point. 

The small residue left after extraction with sodium hydroxide was 
bright red in colour, and after recrystallisation from glacial acetic acid 
melted at 241—242° (uncorr.); its identity with p-nitrobenzeneazo-B- 
naphthol was established by the fact that when mixed with the 
synthetical product no depression of melting point could be observed. 

A repetition of the nitration with acid of sp. gr. 1°15 resulted in 
the production of 0°5 gram of p-nitrobenzeneazo-8-naphthol and 1°6 
grams of dinitronaphthol from 2 grams of benzeneazo-B-naphthol. 
The weights refer to crude products ; recrystallisation from benzene 
was omitted. Practically the whole of the azonaphthol employed is 
accounted for, about one-fifth of the benzeneazo-B-naphthol employed 
being nitrated in the benzene nucleus, whilst the other four-fifths are 
attacked in the naphthol nucleus, the benzeneazo-group in position 1 
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being replaced by the nitro-group, whilst substitution also takes place 
in position 6. 

This result is, however, not inconsistent with initial nitration in the 
benzene nucleus and subsequent destruction of the nitrobenzeneazo- 
group. To test the possibility of this explanation, 2 grams of 
p-nitrobenzeneazo-B-naphthol were heated for some time with an excess 
of dilute nitric acid of sp. gr. 1:15. On treatment of the product 
with sodium hydroxide solution in the manner already indicated, it 
was found that most of the p-nitrobenzeneazo-f-naphthol remained 
unattacked, and only a small quantity of the 1 : 6-dinitro-B-naphthol 
was obtained. The resistance displayed by this nitro-substituted azo- 
compound towards the action of dilute nitric acid compared with the 
readiness with which the parent benzeneazonaphthol is attacked, 
shows that 1 :6-dinitro-8-naphthol must be looked on as a primary 
product of the action of dilute nitric acid on the latter substance. 

Action of a Mixture of Concentrated Nitric and Sulphuric Acids.— 
Nitric acid added to a solution of benzeneazo-B-naphthol in excess of con- 
centrated sulphuric acid, converts the substance nearly quantitatively 
into p-nitrobenzeneazo-8-naphthol. Two grams of benzeneazo-B-naph- 
thol were made into a paste with 20 c.c. of concentrated sulphuric 
acid, and 0°76 gram of nitric acid (sp. gr. 1:4) mixed with concentrated 
sulphuric acid gradually added, the mixture being cooled and well 
stirred. After standing overnight, the mixture was poured into 
water and the precipitate collected, washed, and dried. The weight 
of substance obtained was 2°30 grams. Replacement of one hydrogen 
atom by one nitro-group should have given 2°36 grams. 

To ascertain how far the product consisted of p-nitrobenzeneazo-f- 
naphthol, it was warmed with dilute sodium hydroxide solution ; the 
residue weighed 1°78 grams and melted at 234°, but after recrys- 
tallisation from glacial acetic acid, the melting point was 239° (uncorr.). 
The hot alkaline filtrate deposited solid matter to the extent of 0°14 
gram on cooling ; this was not a sodium salt, but melted in the crude 
condition at 221°, and after recrystallisation at 239° (uncorr.), the 
substance did not depress the melting point of p-nitrobeneazo-B-naph- 
thol. On acidification, the final filtrate deposited a tarry mass which 
was disregarded. 


Action of Bromine. 


In Absence of Sodium Acetate—The bromination of benzeneazo-B- 
naphthol has been studied by various chemists. Typke (Ber., 1877, 
10, 1550) stated that bromine entered the naphthalene nucleus; the 
result was contradicted by Margary (Gazzetta, 1883, 13, 438), who ob- 
tained a substance melting at 160—161° which furnished p-bromo- 
aniline on reduction. Margary concluded that the substance produced 
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was p-bromobenzeneazo-8-naphthol, a result confirmed by Zincke and 
Bindewald (Ber., 1884, 1'7, 3032), who, however, gave the melting 
point as 167—168°. Finally, Bamberger synthesised p-bromobenzene- 
azo-8-naphthol from p-nitrosobromobenzene, B-naphthol, and hydroxyl- 
amine, giving the melting point as 172—173° (Ber., 1895, 28, 1222). 

We find that if finely powdered benzeneazo-8-naphthol be suspended 
in ten times its weight of glacial acetic acid and brominated in the cold 
with the calculated quantity of bromine dissolved in acetic acid, 
p-bromobenzeneazo-f-naphthol is obtained in practically quantitative 
amount ; after recrystallisation, the substance melts at 170° (uncorr.). 
The identity of the substance was confirmed by mixing with the syn- 
thetical compound, when no depression of melting point was observed. 
The formation of p-bromoaniline on reduction was also put beyond 
doubt by distilling the reduction mixture, after rendering alkaline, in 
a current of steam, and benzoylating the base contained in the distil- 
late. The recrystallised benzoyl derivative contained bromine and 
melted at 200° (uncorr.). 

In Presence of Sodium Acetate.—Experiments were next made on the 
action of bromine in presence of sodium acetate. At the ordinary 
temperature, bromine appears to be without action on a solution of 
benzeneazo-8-naphthol in glacial acetic acid if sodium acetate has been 
added. Even on boiling, reaction, if it takes place at all, is extremely 
limited. At 165—170° under pressure, the bromine is used up in half- 
an-hour. On pouring into cold water the product of the action of 3°5 
grams of bromine on 5 grams of benzeneazo-B-naphthol dissolved to- 
gether with 3°5 grams of fused sodium acetate in 50 c.c. of glacial acetic 
acid, a brown tar was deposited which liquefied completely below 100°. 
Attempts to separate the mass into its constituents were extremely un- 
satisfactory ; a small quantity of a crystalline powder was obtained on 
one occasion by dissolving the mass in ethyl acetate and adding acetic 
acid, the excess of ethyl acetate being removed by distillation. The 
substance melted at about 260° (uncorr.) and contained bromine: 


0:0818 gave 0°1936 CO, and 0:0261 H,O. C=65'8; H=3°5. 
00810 ,, 0°0231 AgBr. Br=12:1. 
01068 ,, 00308 AgBr. Br=12°3 per cent. 


The substance is evidently not a monobromobenzeneazo-8-naphthol, 
which would require 24°4 per cent. of bromine ; probably it is formed 
by the condensation of 2 mols. of the azo-compound. The quantity of 
the substance produced is so extremely small, that, whatever its 
structure, it can have but little bearing on the constitution of benzene- 
azo-B8-naphthol., 


1206 HEWITT AND AULD: BENZENEAZO-8-NAPHTHOL. 


Bromobenzeneazo-B-naphthols, 


During the progress of the work described above, the three bromo- 
benzeneazo-8-naphthols were prepared for purposes of comparison, and 
further characterised by conversion into acetyl or benzoyl derivatives. 

o-Bromobenzeneazo-B-naphthol was prepared in the customary manner ; 
it melts at 165°. It is best obtained by recrystallisation from boiling 
benzene, from which it is deposited as small, brownish plates; it 
dissolves easily in carbon disulphide, and is taken up fairly readily by 
acetic acid, acetone, ethyl acetate, ether, or light petroleum. Its solu- 
bility in alcohol is slight : 


0°1472 gave 0°0847 AgBr. Br=24°49. 
C,,H,,ON,Br requires Br = 24°43 per cent. 


The acetyl derivative separates from glacial acetic acid as small, 
brown crystals with a bronzy lustre and melts at 157°: 


0°1368 gave 0°0698 AgBr. Br=21-94. 
C,,H,,0,.N,Br requires Br = 21°69 per cent. 


m-Bromobenzeneazo-B-naphthol, recrystallised from benzene, forms 
broad, red needles exhibiting a beautiful reflex ; it melts at 172°: 


0°2239 gave 17°0 c.c. nitrogen at 20° and 737 mm. N=8'61. 
02460 ,, 01414 AgBr. Br=24°22. 
C,,H,,ON,Br requires N=8'59; Br=24-43 per cent. 


The acetyl derivative melts at 88° after recrystallisation from glacial 
acetic acid : 


0°3012 gave 20°5 cc. nitrogen at 20° and 759 mm. N=7'72. 
C,,H,,0.N,Br requires N = 7:48 per cent. 


The benzoyl derivative is a beautiful, dark red substance, crystallising 
in obliquely terminated prisms and melts at 159°: 


0°2176 gave-12-0 cc. nitrogen at 22° and 770 mm. N=6°-45. 
C,,H,,O,.N,Br requires N = 6°49 per cent. 


p-Bromobenzeneazo-B-naphthol has already been described ; the melt- 
ing point we observed for the substance agreed with that given by 
Bamberger. 


The acetyl derivative forms beautiful, dark red needles and melts at 
136° : 


0°1784 gave 0°3813 CO, and 0°0598 H,O. C=58°29; H=3°68. 
C,,H,,0,.N,Br requires C = 58°53; H=3:52 per cent, 
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The benzoyl derivative melts at 157°, and separates from glacial 
acetic acid as very dark red needles : 


0'2344 gave 01012 AgBr. Br=18°41. 
C,,H,,0,N,Br requires Br = 18°05 per cent. 
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CXXI.—The Condensation of Dimethylaminobenzalde- 
hyde with B-Naphthol. 


By Joun TuEopore Hewitt, ALFRED JoHN 'l'urNER, B.Sc., and SIDNEY 
WALLACE BRADLEY. 


THE condensation of aldehydes with B-naphthol has been studied by 
various chemists with the general result that one molecule of the 
aldehyde unites with two molecules of the naphthol to give derivatives 
of the type 
R-CH(C,,H,"OH),, 
or corresponding internal anhydrides, 
R-CH(C,,H,),0. 


Substances of the first series have been obtained from formaldehyde 
(Hosaeus, Ber., 1892, 25, 3213; Abel, Ber., 1892, 25, 3477), o- and 
m-nitrobenzaldehydes (Zenoni, Gazzetta, 1893, 23, 216), and benzalde- 
hyde (Hewitt and Turner, Ber., 1901, 34, 202), whilst internal anhy- 
drides have been produced from f-naphthol and acetaldehyde and 
benzaldehyde (Claisen, Annalen, 1887, 237, 270), the three nitro- 
benzaldehydes (Zenoni, Joc. cit.), and various other aromatic aldehydes 
(Rogoff, Ber., 1900, 33, 3535). 

Considerable interest attaches to the compounds of the anhydride 
type, since they may be regarded as leuco-derivatives corresponding with 
carboxonium salts, and the authors were engaged in a study of their 
oxidation products when they were anticipated by Werner (Ber., 1901, 
34, 3300), who published an account of oxonium salts derived by the 
action of oxidising agents on phenyldinaphthylene oxide, 


H 
OH, CHO >0. 


In the present communication, the condensation of 8-naphthol with 
dimethylaminobenzaldehyde is described. It is a pleasant duty for 
the authors to record their best thanks to Geh.-Medizinalrath Professor 
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Ehrlich for the kindness he has shown in placing a considerable 
quantity of the latter substance in a pure condition at their disposal. 

Condensation of Dimethylaminobenzaldehyde with B-Naphthol in Cold 
Acetic Solution.—If a glacial acetic acid solution of dimethylamino- 
benzaldehyde (1 mol.) and B-naphthol (2 mols.) be acidified with con- 
centrated hydrochloric acid (2 mols.) and allowed to stand at the 
ordinary temperature for a week, crystals are deposited. When 
collected, washed, and then recrystallised from a large quantity of 
glacial acetic acid, small, hard, brilliant prisms are obtained, which for 
analysis were dried at 110°: 


0°1296 gave 0°3615 CO, and 0:0658 H,O. C=76:07; H=5-64. 

0:2006 ,, 0:0659 AgCl. Cl=8-13. 

0:1227 ,, 33c.c. nitrogen at 17° and 756 mm. N=3-07. 
C.9H,,0,NCl requires C = 76°36 ; H=5'76; N=3-08; Cl=7-78 per cent. 


On heating, the substance darkens somewhat at about 150° and 
finally melts at 215° with decomposition. Although the crystals are 
practically colourless, the hot concentrated solution in glacial acetic 
acid appears blue’; after cooling, when the greater portion of the 
substance has been deposited, the shade is red, whilst a green fluorescence 
is observed. Probably the coloration is to be ascribed to limited 
oxidation, the direct product being the hydrochloride of a base, 
(CH,),N°C,H,°CH(C,,H,°OH),. 

A specimen of the chloride which had been kept for some months 
exhibited a lower melting point. As it was possible that the result 
might be due to a partial formation of an anhydride at the expense of 
the hydroxyl groups whereby, owing to mixturé, the original melting 
point would be lowered, the salt was dissolved in glacial acetic acid, an 
excess of concentrated hydrochloride acid added, and the solution boiled 
for a few hours under reflux. The boiling solution was filtered hot and 
the crystals deposited on cooling were collected and dried. The melting 
point was then found to be 257°; the substance gave on analysis 
numbers which proved the loss of a mol. of water: 


0°1469 gave 04282 CO, and 0:0777 H,O. C=79°49; H=5-87. 
01450 ,, 3°97 ¢.c. nitrogen at 17° and 758 mm. N=3°14. 
C.9H,,ONCI requires C= 79°50; H=5-54; N=3-21 per cent. 


Condensation of Dimethylaminobenzaldehyde with B-Naphthol in Hot 
Solution.—Salts of the base C,,H,.ON are immediately obtained if 
the condensation is carried out in hot instead of in cold solution. 

The following method of preparation is satisfactory both in point of 
yield and purity of product. Twenty grams of @-naphthol and 10 
grams of dimethylaminobenzaldehyde are dissolved in 120 c.c. of glacial 
acetic acid. Twenty grams of strong sulphuric acid diluted with 10 c.¢ 
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of water are next added and the mixture boiled for one hour. More 
dilute sulphuric acid is added and then hot water until a specimen 
shows that a copious crystallisation takes place on cooling; the bulk 
of the solution is then cooled and the crystalline mass collected, well 
washed, digested for some time with hot potassium hydroxide solution, 
filtered off, well washed, and dried. For purification, the substance is 
recrystallised several times by solution in boiling pyridine and addition 
of light petroleum; it then separates on cooling in a beautifully 
crystalline condition. It is, however, remarkable that the crops 
obtained from the first crystallisation, although appearing to consist of 
a practically pure substance, melt at 194—197° (199—202° corr.), and 
give numbers on analysis too low in carbon, If the substance be 
recrystallised subsequently from boiling xylene, it is obtained as 
colourless prisms melting at 214—215° (corr.), and furnishing the 
following results on analysis : 


0:2321 gave 0°7354 CO, and 0°1223 H,O. C=86°42; H=5°85. 
0°2248 ,, 6°47 c.c. nitrogen at 5° and 756mm. N=3°47. 
C,,H,,ON requires C = 86°72 ; H=5°79; N=3°50 per cent. 


The substance is very easily soluble in pyridine bases whether hot 
or cold, boiling aniline dissolves the compound readily, but it is not 
very soluble in the cold solvent, in alcohol it is very sparingly soluble ; 
hydrocarbons of the benzene series dissoive it fairly easily, especially 
if hot, hence xylene on account of its higher boiling point makes a 
better solvent than benzene. Acetic acid if hot dissolves the base 
with ease, probably in the form of an acetate. Although salts are 
formed with many acids, the latter do not form good solvents, as most 
of the salts are practically insoluble in water. 

The chloride, C,,H,,ON,HCI, is obtained either by passing dry 
hydrogen chloride into a benzene solution of the base, or more easily 
by dissolving the base in boiling glacial acetic acid and adding fuming 
hydrochloric acid until the beginning of a disturbance. The chloride 
separates as a colourless, crystalline powder consisting of obliquely 
terminated prisms melting at 257—260°. The substance is thus seen 
to be identical with the chloride obtained by boiling dinaphthol- 
dimethylaminophenylmethane hydrochloride with a mixture of acetic 
and hydrochloric acids. On analysis: 


0°1455 gave 0°0470 AgCl. Cl=7:98. 
C,,H,,ONCI requires Cl= 8-09 per cent. 


The platinichloride, (C,,.H,,0N),.,H,PtCl,, was prepared by adding a 
solution of platinum tetrachloride in concentrated hydrochloric and 
acetic acids to a solution of the base in ten times its weight of acetic acid. 
The substance separated in small, yellow, rhomboidal tablets melting at 
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256°. Itis very sparingly soluble in all solvents and furnished the 
following result on analysis : 


0°1542 gave 00246 Pt. Pt=15-95. 
(C,,.H,,ON),,H,PtCl, requires Pt = 16:07 per cent. 


The sulphate, C,.>H,,ON,H,SO,, obtained by the action of sulphuric 
acid in excess, and purified by recrystallisation from a mixture of 
alcohol and sulphuric acid, was obtained as small, colourless needles 
melting at 231—232° with decomposition. The melting point depends 
somewhat on the rate of heating, and may vary by several degrees : 


0°1046 gave 0°2702 CO, and 0:0533 H,O. C=70:50; H=5°66. 
01649 ,, 00764 BaSO, H,SO,=19-46. 
C,,H,,ON,H,SO, requires C = 69°67 ; H=5:16 ; H,SO, = 19°24 per cent. 


The picrate, C,,H,,ON,C,H,O,N,, separates on mixing solutions of 
the constituents in benzene. The salt obtained was at first thought 
not to be homogeneous, since besides larger well-defined prisms, tufts 
of small needles were obtained. On heating the solution to the boil- 
ing point, it was found that the latter went into solution and separated 
out on slow cooling in the prismatic condition. Since the two crops of 
crystals exhibited the same melting point, there can be no doubt as to 
the uniformity of the substance ; the following analysis was carried 
out with a mixture of the two crops: 


0°1042 gave 0:2534 CO, and 0:0428 H,O. C=66:32; H=4:56. 
C,,N.,0,N, requires C= 66°62 ; H=4°16 per cent. 


The salt forms shining, yellow prisms melting at 194—196°. 

The methiodide, C,,H,,ON,CH,I, is produced by warming the base 
for some time with an excess of methyl iodide. At first the base dis- 
solves completely ; soon small, pale yellow crystals begin to separate, 
which, after collection, washing with methyl alcohol, and drying in a 
vacuum over lime melt at 226—227°. 


01882 gave 0:0807 AgI. I=23°19. 
C.)HgONTI requires I= 23°35 per cent. 


Attempts at Oxidation.—From the constitution of this base, it seemed 
very probable that a carbinol would result on oxidation : 


SOW, 
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This should correspond to salts of one of the following types : 
A 

ond 

AA 


Wee 


\Z 
N(CH,),HA 


Experiments made in this direction showed that the substance was 
very resistant to oxidising agents, a result already foreshadowed by 
the stability of the platinichloride. 

Action of Ferric Chloride.—One gram of solid ferric chloride dis- 
solved together with 3 c.c. of fuming hydrochloric acid in an excess 
of glacial acetic acid, was added to a boiling solution of the base in 
glacial acetic acid. After heating for 14 hours in a reflux apparatus, 
the solution was poured into an excess of dilute hydrochloric acid ; 
the crystalline precipitate thereby produced was collected, well washed 
and dried. The melting point of the substance so obtained was 
259—-260° ; when mixed with the hydrochloride of the original base, 
no depression of melting point was observed. 

Action of Peroxides.—On dissolving the base in hot acetic acid and 
adding sulphuric acid and lead or manganese dioxide, no oxidation 
to a colouring matter was effected ; the base after recovery melted at 
208° (uncorr.), and did not depress the melting point of the substance 
prepared directly. 

Action of Bromine.—Bromine was also employed on account of its 
greater activity. Five parts of the base were dissolved in glacial acetic 
acid, the solution well cooled, and 2 parts of bromine diluted with 
acetic acid added gradually. A precipitate was obtained melting at 
196° (uncorr.) ; this was collected and dried : 


0°1638 gave 0:1070 AgBr. Br= 27:80. 
C,,H,,ONBr, requires Br = 28°50 per cent, 


The salt being somewhat coloured, it was thought probable that an 
oxonium compound : 


HBr(OH,),N-0,H,0<p!9g>O-Br, 


had been produced ; since, however, alkali only removed a portion of 
the bromine, and the base obtained contained 72°2 per cent. of carbon, 
it was evident that only one bromine atom was present in an 
ionisable condition, the other atom having replaced hydrogen in 
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either the benzene or one of the two naphthalene nuclei. Contrary 
to expectation, the conclusion seems to be inevitable that xanthen 
derivatives obtained from dimethylaminobenzaldehyde show little or 
no tendency to pass into carboxonium compounds on oxidation. 
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CXXII.—The Action of Ethyl Chlorofumarate on 
Monoalkylmalonic Esters. 


By Sizerriep RUHEMANN. 


Tuis investigation was undertaken with the view of preparing alkyl 
derivatives of aconitic acid, and to study them on the same lines as 
aconitic acid itself. Although the action of ethyl chlorofumarate on 
the sodium derivative of ethyl malonate does not yield ethyl carboxy- 
aconitate but ethyl trimethylenetetracarboxylate, nevertheless such a 
transformation of the unsaturated grouping into trimethylene com- 
pounds is excluded if, instead of ethyl malonate, its monoalkyl deriv- 
atives are used. Their sodium compounds react, indeed, with ethyl 
chlorofumarate according to the equation : 


RCNa(CO, Et), + CO,Et+CCl:CH-CO,Et = 
R-C(CO,Et),*C(CO,Et):CH-CO,Et + NaCl, 


but the yield of the homologues of ethyl carboxyaconitate is small. 
The quantity depends on the nature of the alkyl group in the substi- 
tuted malonic ester, and decreases as the size of the radicle increases. 
Thus, on treatment of ethyl chlorofumarate with ethyl sodiomethyl- 
malonate, 50 per cent. of ethy] methylearboxyaconitate are produced, 
but the yields are as small as 6 per cent. on using the pheny! or benzyl 
derivatives of malonic ester. 

As yet, I have only examined in detail the hydrolysis of ethyl 
phenylcarboxyaconitate, and have found that a substance of the formula 
C,,H,O, is formed which is the anhydride of a dicarboxylic acid. It 
is neutral to litmus, it melts on heating with water to an oil which 
slowly dissolves, giving an acid solution; from this, on cooling, the 
greater part of the anhydride separates out again. The alkaline solu- 
tion of the substances is not attacked by potassium permanganate and 
the anhydride does not form an additive compound with bromine. 
These facts lead to the conclusion that the product is not an unsatur- 
ated compound, but a derivative of trimethylene, The following two 
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formule are the only ones possible which agree with its mode of forma- 
tion from ethyl phenylearboxyaconitate : 


(1) 
O,H,*CH a 
<~ C.H,-C——CO 
go Sr” CO heuee 
oc CO H,C—CH-00 
YW (3) (2) 


The result of the action of sodium amalgam on the anhydride proves 
formula (2) to be correct. Under the influence of the reducing agent, 
the anhydride, besides being transformed into the corresponding acid, 
unites with two atoms of hydrogen and yields a dicarboxylic acid 
identical with Zelinsky and Buchstab’s s-phenylmethylsuccinic acid, 
C,H,*CH(CO,H)-CH(CH,)-CO,H (Ber., 1891, 24, 1876). The form- 
ation of this acid from the anhydride C,,H,O, can only take place with 
a compound of formula (2). It further follows that the trimethylene 
ring does not open up between the carbon atoms 1 and 2, as might be 
expected, but between the atoms 1 and 3. 


EXPERIMENTAL. 


The method which I have used for the preparation of the homologues 
of ethyl carboxyaconitate is as follows. The monoalkylmalonic ester 
(1 mol.) is mixed with a solution of sodium (1 at.) in absolute alcohol, 
and then ethyl chlorofumarate (1 mol.) is added. The mixture becomes 
warm and turns a deep yellow or brown; it is heated on the water- 
bath for about 6 hours, the alcohol distilled off as far as possible, the 
residue poured into water, and the solution acidified with dilute sulph- 
uric acid and extracted with ether. The oil which remains after 
evaporation of the ether is subjected to fractional distillation ina 
vacuum. The larger portion passes over at a low temperature and is 
a mixture of the unchanged esters ; from the portion of higher boiling 
point, the product of the reaction is obtained pure after 2 or 3 distil- 
lations. 


Ethyl Methylcarboxyaconitate, 
CH,°C(CO,°C,H,),*C(CO,"C,H,):-CH-CO,°C,H,. 


This ester is formed from ethyl methylmalonate and ethyl chloro- 
fumarate in the manner described above; it is a yellow oil which 
boils at 202—204° under 16 mm, pressure. On analysis: 


0°2004 gave 0°4088 CO, and 0:1260 H,O. C=55°63; H=6°98. 
C,,H,,0, requires C= 55°81; H=6°98 per cent, 
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Ethyl Ethylcarboayaconitate, 
C,H,*C(CO,°C,H,).*C(CO,°C,H,):CH-CO,°C,H,. 


The yield of this substance from ethyl ethylmalonate and ethyl 
chlorofumarate is very small; it is a viscous oil which distils at 
205—207° under 14 mm. pressure. On analysis: 


0-2015 gave 04190 CO, and 01280 H,O. C=56°71; H=7°15. 
C,,H,,0, requires C=56°98 ; H=7-26 per cent. 


Ethyl Benzylearboxyaconitate, 
C,H,*CH,°C(CO,*C,H,),*C(CO,°C,H,):CH-CO,°C,H,. 


On boiling the mixture of ethyl benzylmalonate and ethyl chloro- 
fumarate with a solution of sodium in alcohol, the liquid turns blue. 
The quantity of ethyl benzylcarboxyaconitate which is formed amounts 
to 6 per cent. The yield is about the same, if, instead of ethyl 
chlorofumarate, ethyl acetylenedicarboxylate is heated with ethyl 
benzylmalonate and dry sodium ethoxide for several hours on the 
water-bath. The product of the reaction is a very viscous oil which 
boils at 245—246° under 15 mm. pressure, On analysis: 


0:2016 gave 0°4633 CO, and 0:1197 H,O. C=62°67; H=6-60. 
C,,H,.O, requires C = 62°86 ; H=6°67 per cent. 


Alcoholic potash readily acts on the ester; a yellow solid is precip- 
itated, and the liquid turns deep red. On adding dilute sulphuric acid 
to the aqueous solution of the product of hydrolysis, carbon dioxide 
is evolved, and the organic acid separates as a very viscous oil. I 
have not obtained it in a pure state, but the following analysis of the 


silver salt, prepared from the oil, and dried at 100°, indicates it to be 
a tricarboxylic acid : 


0:2773 left, on ignition, 0°1515 Ag. Ag=54°63. 
C,,H,O,Ag, requires Ag = 55°38 per cent. 


Ethyl Phenylearboxyaconitate, 
C,H,°C(CO,°C,H,),°C(CO,*C,H,):CH-CO,°C,H,. 


Ethy! phenylmalonate, which is required for the formation of the ester, 
was prepared, according to W. Wislicenus’ directions (Ber., 1894, 27, 
1091), by heating ethyl phenyloxaloacetate, the product of the action of 
sodium ethoxide, on a mixture of ethyl oxalate and ethy] phenylacetate ; 
its boiling point was found to be 158—159° under 10 mm. pressure, 
as compared with 170—172° under 14 mm. pressure given by 
Wislicenus. The ester, on treatment with ethyl chlorofumarate and 
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a solution of sodium in absolute alcohol, as in the previous cases, 
yields ethyl phenylearboxyaconitate. On analysis: 


0:2195 gave 0°4992 CO, and 01270 H,O. C=62°02; H=6-42. 
C,,H,,0, requires C = 62°07 ; H = 6°40 per cent. 


With the view of improving the yield of this ester, which is only 
6 per cent., I have modified the action between ethyl phenylmalonate 
and ethyl chlorofumarate by using absolute ether and dry sodium 
ethoxide. The ethoxide dissolves and the solution turns deep red. 
After allowing to stand for a day, evaporating the ether and fraction- 
ating the oil which remains behind, the same result as in the previous 
case is obtained. Nor is the yield increased if, instead of ethyl 
chlorofumarate, ethyl acetylenedicarboxylate is mixed with ethyl 
phenylmalonate and the mixture heated with dry sodium ethoxide 
on the water-bath. The fact that in the first method the alcoholic 
solution becomes neutral, although a quantity of the esters of phenyl- 
malonic and chlorofumaric acids remains unaltered, seems to indicate 
that the ethoxide forms an additive compound with ethyl phenyl- 
carboxyaconitate. This view is in harmony with the following result: 
on distillation of the products of the reaction, a small quantity of an 
oil passes over at a temperature beyond the boiling point of ethyl 
phenylearboxyaconitate, whilst a tarry residue remains behind in the 


flask. 
Anhydride of Phenyltrimethylenedicarboxylic Acid, 


0.H,-C——00 
ihe? >0. 
H,C—CH: 00 


The hydrolysis of the ester is complete after 2 hours’ boiling with 
alcoholic potash on the water-bath. The alcohol is distilled off and 
the residue dissolved in water ; on adding an excess of dilute sulphuric 
acid to the solution, carbon dioxide is evolved and a solid gradually 
separates out. The filtrate from it, on extraction with ether, furnishes 
a further crop of the substance. It crystallises from dilute alcohol 
in colourless needles which melt at 99°. On analysis: 


0:2058 gave 0'5297 CO, and 0°0830 H,O. C=70:19; H=4°48, 
C,,H,O, requires C = 70°21 ; H = 4*26 per cent. 


The substance is readily soluble in alcohol, ether, or benzene, and 
these solutions are neutral to litmus; on boiling with water, it melts 
and very slowly dissolves, yielding an acid solution from which, on 
cooling, the larger portion of the original substance crystallises, 
These facts indicate that the compound is the anhydride of a dicarb- 
oxylic acid and that this acid is transformed into its anhydride with 
the greatest ease. The salts of the acid, however, are stable; I have 
examined those with silver and lead, . 
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The silver salt is obtained as a white precipitate by boiling the 
anhydride with dilute ammonia and adding silver nitrate to the solu- 
tion thus produced. It is stable to light, and can be dried at 100°. 
On analysis : 


0°3640 left, on ignition, 0°:1870 Ag. Ag=51:37. 
C,,H,0,Ag, requires Ag=51°43 per cent. 


The /ead salt is formed as a crystalline solid by dissolving the 
anhydride in boiling water and adding lead acetate. For analysis, it 
was washed with water, then with alcohol, in order to free it from 
unaltered anhydride, and dried at 100°: 


0°3920 gave 0°2875 PbSO,. Pb=50°12. 
C,,H,O,Pb requires Pb = 50°36 per cent. 


s-Phenylmethylsuccinie Acid, C,H,*CH(CO,H)*CH(CH,)-CO,H. 


The reduction of the compound C,,H,O, is effected in alkaline 
solution by sodium amalgam. The anhydride is insoluble in cold 
potash, but on boiling it gradually dissolves. The solution is allowed 
to assume the temperature of the room, and is then agitated with an 
excess of sodium amalgam (24 per cent.). After standing overnight, 
the liquid is decanted from the mercury and mixed with an excess of 
dilute sulphuric acid, when a colourless substance gradually separates. 
This is readily soluble in alcohol or ether, but only sparingly so in 
boiling water, from which, on cooling, it crystallises in plates melting 
at 192—193°. On analysis : 


0°2033 gave 0°4743 CO, and 0:1085 H,O. C=63°62; H=5:92. 
C,,H,,0, requires C= 63°46 ; H=5-77 per cent. 


As has been mentioned in the introduction, this substance is 
8-phenylmethylsuccinic acid. Zelinsky and Buchstab (Joc. cit.) obtained 
it by hydrolysing the product of the interaction of ethyl sodiocyano- 
acetate and ethyl a-bromophenylacetate with potassium hydroxide and 
heating the tricarboxylic acid thus formed with dilute sulphuric acid. 
The acids are identical because their melting points are the same and 
because they are transformed into anhydrides with identical properties, 
The anhydride is formed from the acid at the temperature of the 
fusing point. Zelinsky and Buchstab distilled it under the ordinary 
pressure, when it passed over between 310° and 320°; I find that, on 
heating in a vacuum, it distils at a constant temperature of 184° 
under 10 mm. pressure as a colourless oil which, like Zelinsky and 
Buchstab’s anhydride, is transformed back into the dicarboxylic acid 
by boiling water. I have, moreover, examined the following salts of 
s-phenylmethylsuccinic acid. 
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The silver salt is precipitated by adding silver nitrate to the neutral 
solution of the acid ia ammonia ; it is not changed by light or by dry- 
ing at 100°. On analysis : 


0°3910 left, on ignition, 02000 Ag. Ag=51°15. 
C,, H,,0,Ag, requires Ag = 51°18 per cent. 


The lead salt is formed as a white precipitate, insoluble in water, on 
mixing aqueous solutions of the acid and lead acetate. On analysis: 


0:2680, dried at 100°, gave 0:1970 PbSO,. Pb=50-23. 
C,,H,,0,Pb requires Pb=50°12 per cent. 


The barium salt separates in colourless needles on adding barium 
chloride to the neutral solution of the acid in ammonia. The salt, 
when dried at 100°, contains 2 mols. H,O, as indicated by the follow- 
ing determination : 


0:2215 gave 01355 BaSO,. Ba= 35-96. 
C,,H,,0,Ba,2H,O requires Ba = 36°14 per cent. 


The barium salt, although sparingly soluble in water, slowly crys- 
tallises from its aqueous solution, The solution has to be evaporated 
until the salt begins to come down, and the process of concentration 
and filtration frequently to be repeated when this mode of purification 
is adopted. 
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CXIIIl.—The Solubility of Mannitol, Picric Acid, and 


Anthracene. 


By ALEXANDER FINDLAY. 


In connection with another investigation dealing with a method of 
extrapolating the solubility curve of a substance, it became necessary 
for me to determine the solubilities of one or two substances at differ- 
ent temperatures and in different solvents, The substances and 
solvents chosen were: mannitol in water, picric acid in water and 
in benzene, and anthracene in benzene. 

It has recently been shown by the author (Proc. Roy. Soc., 1902, 
69, 471) thatif the solubility of a substance be determined at two, or, 
better, at three different temperatures lying fairly wide apart, the 
entire solubility curve can be calculated with a fair degree of accuracy 
by comparison with a known solubility curve (‘comparison curve’), by 
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means of the relationship 7',/7",;=7,/7’,+¢(¢ +t), where 7/7", and 
T,/T7", are the ratios of the absolute temperatures at which the two 
substances have equal solubilities, c is a constant, and ¢’ and ¢ the 
temperatures at which one of the substances has the two values of the 
solubility in question. This relationship, which is analogous to that 
shown by Ramsay and Young to hold for the vapour pressures of 
substances (Phil. Mag., 1886, [v], 21, 33), may also be made use of 
even when the solvents are different. 

The solubility of the above substances was determined at several 
temperatures between 25° and 60°. From the values so obtained, 
the solubility at temperatures below 25° and above 60° was calculated by 
comparison with known solubility curves in the manner previously given 
by the author (/oc. cit.). From theoretical considerations,* it is best to 
choose as the comparison curve one which is similar in form to 
the solubility curve of the substance in question. For the purpose 
of extrapolating the solubility curves of mannitol and of picric acid 
in benzene, the solubility curve of potassium chlorate, constructed 
according to the values of the solubility obtained by Gay-Lussac 
(Ann. Chim. Phys., 1875, [v], 11, 314) and by Tilden and Shenstone 
(Trans., 1879, 35, 345) was employed as comparison curve. The 
solubility curve of CaCrO,,4H,O as determined by Mylius and v. 
Wrochem (Ber., 1900, 33, 3689) was employed in order to calculate 
the solubility curve of picric acid in water, and the latter curve then 
used as the comparison curve for extrapolating the solubility curve 
of anthracene. Although, therefore, only those values of the solubility 
lying between the above limits of temperature can be regarded as 
experimentally determined, it appeared to be worth while to give the 
extrapolated values as well, since they may be taken as sufficiently 
accurate for all practical purposes at least. 

The figures given in the following tables were read from curves con- 
structed according to the above method, and the solubility is expressed 
both in grams of substance in 100 grams of solvent (percentage solu- 
bility), and as number of gram-molecules or moles of substance in 
100 moles of solvent (percentage molar solubility). The values 
enclosed in brackets were determined experimentally. 


Solubility of Mannitol in Water. 


No complete set of solubility determinations has been made in the 
case of mannitol, but the following values of the percentage solubility 
have been found at isolated temperatures: 15°6 per cent. at 18°; 
18-5 per cent. at 23° (Berthelot, Ann. Chim. Phys., 1856, [iii], 47, 


* A theoretical discussion of the above relationship will appear shortly in the 
Zeitschrift fiir physikalische Chemie, 
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301); 13°0 per cent. at 14° (Krusemann, Ber., 1876, 9, 1467) ; 16°07 
per cent, at 16°5° (Erlenmeyer and Wanklyn, Trans., 1862, 15, 456). 
The following are the values of the solubility determined experi- 
mentally and calculated by the above method : 


Temperature, Percentage solubility. ae 
0° 7°59 0°75 
5 9°41 0°93 

10 11°63 1°15 
15 14°38 1°42 
20 17°71 1°75 
(24°5) (20°96) (2°07) 
25 21°39 2°11 
30 25°40 2°51 
(35°8) (29°93) (2°96) 
40 35°40 3°50 
50 47°01 4°65 
(50°8) (46°69) (4°63) 
60 60°01 5 94 
70 74°50 7°35 
80 91°50 9°04 
90 110°8 10°96 
100 133°1 13°17 


Picric Acid in Water. 


The solubility of picric acid in water was determined many years 
ago by Marchand (J. pr. Chem., 1855, 64, 91). As, however, the 
method employed was precipitation by strong acids, it appeared advis- 
able to redetermine the solubility by titration with barium hydroxide, 
using lacmoid as indicator. The values obtained are practically 
identical with those found by Marchand between the temperatures of 
15° and 80°, but the value of the solubility at 5°, as given by Marchand, 
is almost certainly too low. The solubilities as newly determined and 
calculated are as follows : 


Temperature. Percentage solubility. | peers ey 
| 

0° | 1°05 0°082 

6 1°07 0°084 

10 1°10 0°086 

15 | 1°16 0°091 

20 1°22 0°096 

25 | 1°37 0°108 
(26°5) | (1°42) (0-112) 
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Percentage molar 
solubility. 


Temperature. Percentage solubility. 


1°55 0°122 
(1°90) (0°149) 
1°98 0°156 
(2°17) (0°170) 
2°53 0-199 
(3°14) (0°247) 
3°17 0-249 
3°89 0°306 
4°66 0-366 
5°49 0-432 
6°33 0°497 


Picric Acid in Benzene. 


The only statement I have been able to find regarding the solubility 
of picric acid in benzene is that at the ordinary temperature benzene 
dissolves 8—10 per cent. of picric acid (Beilstein), The following are 
the newly determined and calculated values : 


Percentage molar 


Temperature. Percentage solubility. solubility. 


Anthracene in Benzene. 


According to Versmann (Jahresber., 1874, 423), the solubility of 
anthracene in benzene is 1°661 per cent. at 15°, a value rather greater 
than that which I have found. The complete solubility curve is re- 
presented by the following figures : 
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Temperature, Percentage solubility. P ee _— 


0°979 0-429 

10 1118 0°491 
15 1°296 0°567 
20 1°532 0°673 
25 1°830 0°803 
(26°5) (1°951) (0-856) 
30 2°175 0°954 
(38°4) (2°73) (1°213) 
40 2°987 1°312 
(44°6) (3°368) (1°478) 
50 3°928 1°727 
60 4°941 2°164 
70 6-041 2°649 
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CXXIV.—Di-Sec.-Octyl Tartrate and  Di-sec.-Octyl 
Dibenzoyltartrate. 


By Joun McCrae. 


Ir has already been explained (Trans., 1901, '79, 1103) that by the 
action of an acid chloride on a tartaric ester containing alkyl groups 
high in the series it was anticipated that it would be easy to obtain a 
monoacyl derivative. When one ethyl group of diethyl tartrate is 
replaced by an octyl group (Joc. cit.), no indication could be found that 
the latter exerts any ‘‘surrounding” influence to prevent the easy 
introduction of two acyl groups. The second ethyl group has also been 
replaced by the octyl radicle, but even then there is no evidence of a 
hindering influence exerted by the alkyl groups on the reactivity of 
the hydroxyl radicles of the tartaric molecule. 

In the preparation of the dioctyl tartrate, the same sec.-octy] alcohol 


was used as formerly. 
Dioctyl Tartrate. 


Ethyl octyl tartrate was prepared by the method already described 
and 35 grams of it were dissolved in 150 grams of octyl alcohol ; the 
solution was saturated in the cold with dry hydrogen chloride, and after 
standing at the ordinary temperature for three days the hydrogen 
chloride was extracted under reduced pressure and the residue distilled. 
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The fraction distilling above 215° under 15 mm. pressure had a 
rotation of 4°15° in a 50 mm. tube at 20°, This fraction was rectified 
and the oil which passed over at 215—-225° under 19 mm. pressure 
showed a rotation of 4:05° in the same tube at 185°. The whole of 
the distillate which had passed over above 200° was washed with water, 
and after drying was dissolved in octyl alcohol ; the solution was then 
saturated with hydrogen chloride and treated as before. On dis- 
tilling the oil left after the extraction of the hydrogen chloride, a 
fraction was obtained which boiled at 225° under 20 mm. pressure and 
had a rotation of 360° in the 50 mm. tube at 18°. This rotation 
was not altered by redistillation of the ester, and the same rotation 
was obtained with different fractions of the same dixtillation. 

Dioctyl tartrate is a viscous, slightly yellow oil with a rancid 
odour. ; 

The following density determinations were made : 


d 32°/4°=1:0077, d 45°/4° = 0'9967, 
The density at 18° would be 1°0195; consequently 
—-_ 3°6 —7+)G° Mi* =26°30° 


Dioctyl Dibenzoyltartrate. 


Preliminary experiments showed that by the action of benzoyl 
chloride on dioctyl tartrate a levorotatory product was formed, and 
this, in analogy with the results which have been obtained.for diethyl 
tartrate (Frankland and Wharton, Trans., 1896, 69, 1586), dibutyl 
tartrate (Freundler, Ann. Chim. Phys., 1894, [vii], 3, 479), and ethyl 
octyl tartrate (Trans., 1901, '79, 1106), indicated that two acyl groups 
may easily be introduced into the molecule. It was evident, too, that 
the introduction of a single acyl group would be a matter of some 
difficulty, and consequently the original view was not realised. 

The dibenzoyl derivative was prepared by heating 40 grams of 
benzoyl chloride to 140° and slowly dropping in 9 grams of dioctyl 
tartrate with repeated shaking. The mixture was heated at the same 
temperature for two days until there was no further evolution of hydro- 
gen chloride. It was then poured into water and thoroughly shaken 
during two days with sodium carbonate solution, The oil was dissolved 
in ether, and the ethereal solution shaken with aqueous sodium car- 
bonate solution until the odour of acid chloride completely disappeared. 
The ethereal solution was washed, dried over ignited potassium car- 
bonate, then filtered, after which the ether was distilled off. A dark, 
oily residue was left which was dissolved in alcohol and shaken with 
charcoal. After filtering off the charcoal, the solujion was quickly 
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heated and water was added until there was just a permanent turbidity. 
On cooling, a slightly yellow oil was precipitated which, after drying, 
gave a rotation of — 22°50’ in a 50 mm. tube, The oil was further 
purified by dissolving in alcohol and precipitating with water ; it was 
then dissolved in ether, dried over potassium carbonate, and the ether 
distilled off. The oil, which was yellowish and possessed a slightly 
rancid odour, was dried over sulphuric acid under reduced pressure, 
and gave a rotation of — 23°59’ in a 50 mm. tube at 25°. Further 
treatment by the same method did not alter the rotation : 


0°1320 gave 0°3390 CO, and 0:0856 H,O. C=70°04; H=7:20. 
C,,H,,0, requires C=70°11 ; H=7-90 per cent. 


The following density determinations were made: 


d 21°/4°=1:0953. d 30°5°/4° = 1°0860. d 45°/4° = 1:0725. 

The density at 25° would therefore be 1°0913; consequently 
ra. 23°98 = —43-94° MPe= — “70 
[alp 03x 10913 94°, and [M] 255°7°. 


As the polarimeter used was not fitted with a heating arrangement, 
it was not possible to determine the influence of temperature on the 
rotation to find whether, in the case of the benzoyl compound, this 
passes through a maximum, as Frankland and Wharton (Trans., 1896, 
69, 1586) found to be the case with diethyl dibenzoyltartrate. 


Conclusions. 


The ester described above extends the series of tartaric esters, and 
for comparison the following table may be given : 


Dimethy] tartrate * ............ [a]> = 1°83° [M]i*= 3°26° 
Diethyl] tartrate *............... [ale = 7°66 | M}i" = 15-78 
Di-n-propy! tartrate* ......... [a] =12°44 [M]p” = 27°37 
Di-isopropyl tartrate* ...... [a |p” =14°89 [M]3” = 32°76 
Di-n-butyl tartrate T ......... fa]p =10°3 [M i” = 13°80 
Di-isobutyl tartrate* ......... [a 5” = 19°87 [M]3” = 26°62 
Di-sec.-octyl tartrate ............ [al> = 7:06 [M]>° = 26-30 
Ethyl sec.-octyl tartrate t...... [a]> = 7°78 [M]3” = 22°55 


The similarity of the specific rotations of diethyl and dioctyl tar. 
trates is striking, and may possibly be due to a rise of rotatory power 
to a maximum, with subsequent rapid fall as the series of esters is 
ascended (see Frankland, Trans., 1899, ‘75, 547). The relationship 


* Pictet, Jahresber., 1882, 856. 
+ Freundler, Ann. Chim. Phys., 1894, [ vii], 3, 447, 
t McCrae, Traus., 1901, 79, 1106. 
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between the rotations of diethyl and dioctyl tartrates is very similar to 
that between the rotations of ethyl glycerate and octyl glycerate, or to 
that between the rotations of ethyl acetylglycerate and octyl acetyl- 
glycerate quoted by Frankland (Joc. cit., 354 and 355). 

Taking the view previously expressed, that substitution effected 
sufficiently far removed from the asymmetric carbon atom scarcely 
modifies the rotatory power, we may here find a confirmation of Guye’s 
proposition :(Trans., 1901, '79, 476), inasmuch as substitution of a 
methylene hydrogen atom in the ethyl group of ethyl octyl tartrate by 
n-hexyl causes only a small increase in the molecular rotation, and the 
increase is only small even if we consider the replacement of a methyl- 
ene hydrogen atom of each of the ethyl groups of diethyl tartrate by 
n-hexyl. 

The comparatively high negative rotation of dioctyl dibenzoyl- 
tartrate shows that the introduction of two aromatic acyl groups into 
the tartaric molecule changes the dextrorotation into a levorotation 
(Frankland and Wharton, Freundler, McCrae, Joc. cit.), and it would 


therefore appear that this is quite general and is independent of the 
nature of the alkyl groups present. 


Tur YORKSHIRE COLLEGE, 
LEEDs, 


CXXV.—Glycogen from Yeast. 
By Artnur Harpen and WILiiamM Joun Youn. 


THE occurrence in the yeast cell of a substance which yields a reddish- 
brown coloration with iodine appears to have been first observed by 
Errera in 1882 (L’EZpiplasme des Ascomycétes et le Glycogéne des 
végétaux, Brumelles, 1882, and Compt. rend., 1885, 101, 253), although 
the existence of a carbohydrate reserve substance had been surmised 
by Pasteur in 1859. On account of this reaction, it was considered 
to be glycogen, and Errera attempted to extract it from the cell, but 
did not succeed in obtaining it sufficiently pure to be certain of its 
identity with ordinary glycogen. 

It was next examined by Cremer (Miinchener Med. Wochenschr., 1894, 
41, 525), who stated that he prepared it from yeast and purified it by 
Briicke’s method (precipitation of the proteids by potassium mercuri- 
iodide) and by fractional precipitation, 13 grams being obtained from 
250 grams of dried yeast. He describes it as a neutral white powder, 
of specific rotation [ a |, +198°9°. It gave a red coloration with iodine, 
formed an opalescent solution in water, was converted by boiling with 
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dilute hydrochloric acid into dextrose, and was inverted by saliva, 
pancreatic juice, and diastase. 

A much more detailed investigation on this subject was made by 
Clautriau (Etude chimique du Glycogéne. Mem. Couronnés, Acad. Roy. 
Belg., 1895, 53), who prepared glycogen from yeast, from two species 
of fungi, and from the rabbit, and carefully compared their properties. 
Clautriau made use of yeast which had been enriched in glycogen by 
treatment with wort containing 12 per cent. of cane-sugar, and after 
repeatedly boiling it with 1 per cent. aqueous potash and washing 
with water disintegrated the cells by making them into a solid mass 
with silica, chalk, and potassium silicate, and then grinding the whole 
to a fine powder. The glycogen was then extracted by boiling water, 
and was freed from mucilaginous matters by the repeated production 
in its solution of a precipitate of calcium phosphate, the last traces of 
gum being removed by saturating the solution with salt and then 
adding ammonium sulphate in excess. The glycogen was precipitated 
from the diluted solution by an excess of iodine, the precipitate treated 
with sulphurous acid, and the glycogen precipitated by the addition of 
two volumes of alcohol, and finally washed with absolute alcohol and 
ether and dried in the air. He thus obtained it free from nitrogen, 
but containing 1—3'15 per cent. of ash, and observed that in its 
general properties it agreed with the substance described by Cremer. 
He found, moreover, that all the samples prepared by him, both from 
animal and vegetable sources, had the composition 60,H,,0,,H,0, 
and were members of a group of closely allied substances, but were 
not identical in every respect. 

Extraction and Purification of Yeast Glycogen.—Well washed and 
pressed yeast was mixed with an equal weigit of fine, white sand and 
the cells broken by grinding for two hours in the disintegrator 
described by Rowland (J. Physiol, 1901, 27, 53), the mass being 
cooled during the operation by liquid carbon dioxide. The ground-up 
mass was then poured into two or three times its bulk of boiling 
water and boiled for about two hours. The liquid was separated in a 
centrifuge and the residue again boiled with water and separated, the 
two extracts being then mixed. To the united solutions, 1 per cent, 
of sodium phosphate was added, together with an equivalent amount 
of calcium chloride, according to Clautriau’s method, and the whole 
mass, after having been neutralised with ammonia, was heated on the 
water-bath, the calcium phosphate filtered off, the filtrate evaporated 
down, and the glycogen precipitated by the addition of an equal 
volume of alcohol. This operation was repeated as long as the 
glycogen appeared sticky and viscous on precipitation with alcohol, 
the calcium phosphate bringing down with it most of the mucilaginous 
material, The glycogen was then redissolved in water, and the liquid 
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first saturated with salt, then with ammonium sulphate, and allowed 
to stand in a cool place for three days. By this means, the last traces 
of gum were precipitated, the glycogen remaining in solution. After 
filtration, the liquid was freed from the greater part of the salt and 
ammonium sulphate by dialysis, and the glycogen precipitated by 
alcohol. 

To obtain the glycogen free from proteids, it was further found 
essential to treat it by the method described by Pfliiger for the purifi- 
cation of animal glycogen (Pfliiger’s Archiv, 1900, 81, 1), which consists 
in precipitating the glycogen from a solution containing 3 grams of 
potash and 10 grams of potassium iodide per 100 ¢.c. by the addition 
of half a volume of alcohol, filtering off, and washing first with a 
mixture of 300 c.c. of alcohol, with 400 c.c. of aqueous 3 per cent. 
potash containing 40 grams of potassium iodide, and then with 50 per 
cent. alcohol. 

After this treatment, the glycogen was freed from ash by being 
redissolved in water, and the solution precipitated with its own 
volume of alcohol in the presence of a trace of acetic acid, this opera- 
tion being repeated several times. Finally, it was again redissolved 
in water, precipitated with 1 volume of alcohol, filtered through silk, 
washed well with 50 per cent. alcohol, then with absolute alcohol, and 
finally with ether which had been carefully freed from acid, and was 
then allowed to dry in the air. The processes of solution in water 
and precipitation by alcohol must be repeated until the dried material 
is found to be free from ash. 

The purification was always carried on until 0‘°2—0°4 gram of the 
dried glycogen gave no ammonia by Kjeldahl’s process, and left no 
weighable amount of ash on ignition. 

The juice obtained by pressing out ground yeast with kieselguhr, 
according to Buchner’s method of obtaining zymase, may also serve as 
a source of glycogen, an equal volume of alcohol being added and the 
aqueous extract of the precipitate then treated as described above. 

Since the amount of glycogen contained in yeast varies very con- 
siderably with the condition and past history of the yeast, the yield 
of pure dry glycogen obtained also varies, but it may be taken to be 
on the average about 2 per cent. of the weight of the pressed yeast. 

For the purposes of comparison, samples of glycogen were prepared 
from rabbit’s liver and from oysters, Pfliiger’s method of extraction 
and purification being employed, and the purification carried to the 
same point as with the yeast glycogen; 570 grams of rabbit’s liver 
yielded 8-7 grams, and 1617 grams of oyster (1 gross) yielded 12 
grams of pure dry glycogen. 

Composition.—Much diversity of opinion exists as to the com- 
position of glycogen both of animal and vegetable origin, Although 
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Kekulé, in 1858 (Chem. Pharm. Centralbl., 3, 301), determined the 
empirical formula to be C,H,,0,, a number of investigators since that 
date, among whom may be mentioned Huppert (Zeit. physiol. Chem. 
1894, 18, 138), Chittenden (Annalen, 1875, 178, 266), Kiilz and 
Borntrager (Pfliiger’s Archiv, 1881, 24, 19, where a bibliography of 
the literature on this point is to be found), Vintschgau and Dietl 
(Pfliiger’s Archiv, 1878, 17, 163) and Clautriau (loc. cit.) have obtained 
figures agreeing with those required for the formula 6C,H,,0,,H,O, 
whilst Boehm and Hoffmann (Arch. exp. Path. Pharm, 1879, 10, 12) 
found numbers agreeing with those required for the’ formula 
110,H,,0,;,H,0. 

On the other hand, Klincksieck, in 1861, in a single analysis of 
glycogen from the human liver (Annalen, 1861, 118, 229) and Bizio 
(Compt. rend., 1867, 65, 176), who employed glycogen from mollusca, 
obtained the formula C,H,,0,. 

Still more recently, Nerking (Pfliiger’s Archiv, 1901, 85, 320) has 
obtained a similar result, using glycogen from horse flesh carefully 
freed from nitrogen and ash, and dried to constant weight at 100°. All 
these authors appear to have dried their glycogen at temperatures 
from 100—115° in an air-bath or a water-oven, with the exception 
of Bizio, who dried some samples at the ordinary temperature in a 
dry vacuum. 

Among these authors, Clautriau has paid special attention to the 
composition of glycogen extracted from yeast and fungi, and quotes a 
series of ten analyses referring to glycogen from four distinct sources 
(rabbit, yeast, Boletus, and Amanita). The glycogen in every case was 
dried at 105—110° in an oven until constant in weight, and the 
results, after allowing for the ash, agreed without exception with the 
formula 60,H,,0,,H,O, which requires C = 43°63 ; H = 6°26 per cent. 

In two other analyses of glycogen from the rabbit, Clautriau ob- 
tained 44°1 and 44:0 per cent. of carbon, but in both these cases he 
found that the glycogen had become altered during drying, probably 
owing to the presence of small traces of acid, and yielded a solution 
in water which reduced Fehling’s solution freely. He attributes the 
high numbers obtained by some of the investigators already quoted 
to a similar cause. 

Our first analysis of oyster glycogen was made with material dried 
in the air at 100° until constant in weight, and gave numbers even 
lower than those of Clautriau : 


0°2092 gave 0°3308 CO, and 0°1247 H,O. C=43:1; H=6°6. 
6C,H,,0,;,H,O requires C = 43°63 ; H = 6°26 per cent. 


It was found, however, that all the water could not be removed by 
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simply heating at 100° in the air, and that a further quantity was 
lost when the glycogen was heated at 100° in a vacuum over phosphoric 
oxide. The samples used for the following analyses were all heated 
in this way until constant in weight, the boat containing the glycogen 
being kept and weighed in a stoppered weighing tube and transferred 
to the combustion tube as rapidly as possible. In every case, a separate 
portion was dried in a similar manner, dissolved in water and tested 
for reducing ‘substances, but on no occasion could any reduction be 
observed. 
The two samples of yeast glycogen were separate preparations : 


I. Yeast glycogen : 
(a) 0'2249 gave 0°3639 CO, and 0°1283 H,O. C=44:13 ; H=6:34, 
(6) 01311 ,, 0°2132 CO, ,, 00743 H,O. C=44:35; H=6:30. 


II. Oyster glycogen : 
(a) 01974 gave 0°3189 CO, and 0:1120 H,O. C=44:06; H=6-30. 
(6) 01643 ,, 02669 CO, ,, 00924 H,O. C=44:30; H=6-25. 


IIT. Rabbit glycogen : 
(a) 02559 gave 0°4167 CO, and 0°1462 H,O. C=44°41; H=6:34. 
(6) 02611 ,, 0°4232CO, ,, 01458 H,O. C=44:20; H=6:20. 
C,H,,0, requires C= 44:44 ; H=6-17 per cent. 
6C,H,,0,,H,O requires C= 43°63 ; H = 6°26 per cent. 


These results all agree, within the limits of permissible experimental 
error, with those required for the formula C,H,,0,, thus confirming 
the formula originally obtained by Kekulé and at the same time 
showing the identity in composition of the glycogen derived from 
yeast with that derived from animal sources. 

As none of the investigators who obtained low numbers for glycogen 
dried their material in a vacuum, it seems probable that their results 
were due to the presence of small quantities of water, the amounts of 
which would naturally vary with the humidity of the atmosphere in 
which the glycogen was heated. 

Specific Rotation.—The opalescence of aqueous solutions of glycogen 
renders the determination of its specific rotation extremely difficult, 
and hence the results obtained by different observers differ somewhat 
widely, varying from + 213° to +184° The results hitherto obtained 
for the glycogen of yeast are those of Cremer, [a]p>= 198°9°, 
and of Clautriau, [a])>= +184°5°, or, taking glycogen as C,H,,0,, 
[a],>= 187°9°. 

Using a Landolt-Lippich polarimeter, reading to 0°01°, with sodium 
light it was only found possible to employ solutions containing 0°1—0°2 
gram per 100 c¢.c. Since glycogen which has been thoroughly dried 
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dissolves very slowly in water, it was found advisable to employ air- 
dried glycogen, the weight of the dried glycogen being found by drying 
a separate portion of the same sample in a vacuum over phosphoric 
oxide at 100° and allowing for the same percentage of water. 

Each of the following results was obtained as the mean of two 
independent sets of 15 readings made by two observers: 


J. Oyster glycogen : 
c=0°1083 ; 7=1; af = + 0°207°; [a] = +191°2°. 


II. Rabbit glycogen : 
¢=0:1204;7=1;ap= + 023 ;[a]~= 191-1. 


III. Yeast glycogen : 


(a) i. c=0°1730; 1=2; af = 0682; [a}T= +1971°% 
ii, =0'1987 ; 1=25 aj'= 0-790; [a]f= 2085. 
(b) i. c=0°1558; 2=2; a= 0-616; [a}P?= 197-7. 


ii, c=0°1739 ; 2=2; a= 0678; [a}v= 1949. 


Two separate estimations of each of two different preparations of 
yeast glycogen were made, the mean of the four being [a]f" + 198°3°. 
This result is slightly higher than that of Clautriau and agrees well 
with that of Cremer. 

The difference between the value for yeast glycogen and. that 
obtained for animal glycogen, in view of the low concentration of the 
solutions employed, cannot be considered as indicating any essential 
difference between the properties of the two substances. 

Opalescence.—Clautriau states that the glycogen which he obtained 
from yeast produced a much less opalescent solution in water than the 
specimens which he prepared from fungi and the rabbit, and estimated 
the opalescence of the yeast glycogen solution at about one-fourth 
of that of the others. The opalescence diminished and gradually 
disappeared when the solution was preserved under sterile conditions 
fora few days. It must be remembered that Clautriau’s glycogen 
contained 1—3-15 per cent. of ash. We have also found that a 
solution of yeast glycogen is less opalescent than solutions of animal 
glycogen, a 1 per cent. solution of glycogen from the oyster possessing 
roughly 2°5 times the opalescence of a similar solution of yeast 
glycogen. Rabbit glycogen was found to yield a slightly more 
opalescent solution than the oyster glycogen. A comparison of two 
separate preparations of yeast glycogen showed that one of them 
yielded a solution which was somewhat more opalescent than that of 
the other, but the difference did not exceed about 5 per cent. The 
opalescence showed no signs of diminution when the solutions were 
preserved under sterile conditions for a fortnight. 
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Reaction with Iodine.—The coloration produced with iodine has also 
been observed to vary for specimens of glycogen derived from different 
sources. Thus, Clautriau found that yeast glycogen gave a darker 
coloration than that from fungi and from the rabbit, and that the 
coloration produced by the yeast glycogen disappeared at a somewhat 
higher temperature than that of the others, whilst Weinland (Zeit. 
Biol., 1901, 41, 69) observed that the glycogen derived from certain 
parasitic worms gave a much weaker reaction with iodine than 
mammalian glycogen. 

The three varieties of glycogen examined by us differed in the 
intensity of their colorations-with iodine. The tint produced by 
rabbit glycogen was slightly deeper than that given by the yeast 
glycogen, whilst both of these were much stronger than that produced 
by the oyster glycogen. On heating, the coloration of the oyster 
glycogen disappeared before that of the others. Comparing two 
samples of yeast glycogen from separate preparations, it was found 
that the coloration produced with iodine was in one case 25 per cent. 
deeper than in the other. 

The reaction was in all cases carried out by adding 2 c.c. of a 1 per 
cent. solution of iodine in 1°5 per cent. potassium iodide solution to 
10 c.c. of a 0-2 per cent. solution of the glycogen, as recommended by 
Clautriau. 

Acid Hydrolysis.—Many observers have noticed that glycogen does 
not yield the calculated amount of dextrose when it is boiled with 
dilute acids, and in this respect, it resembles starch (Sachsse, Chem. 
Centr., 1877, 8, 732). Kiilz and Borntriger (Pfiiger’s Archiv, 1881, 
24, 28), in a long series of experiments with glycogens of different 
origins, obtained very varying results, the weight of sugar obtained 
varying from 95°34 to 1176 per cent. of that of the glycogen 
employed, the calculated amount for their glycogen, 6C,H,,0,,H,0, 
being 109°09 per cent. They also determined the rotations of the 
solutions obtained and found that these corresponded with the dextrose 
calculated from the copper reductions within about 1—4 per cent. 
Still more recently, Nerking (Pfliger’s Archiv, 1901, 85, 320) has 
shown that glycogen derived from horse-flesh only yields 97 per cent. 
of the calculated amount of dextrose when 0°2—0°4 gram of the 
glycogen is boiled for 3—5 hours with 100 cc. of 2°2 per cent. hydro- 
chlorie acid. He also found, as the result of a number of separate 
experiments, that a longer or shorter period of action or a weaker 
acid all produced a lower result. 

Since no observations appear to have been made hitherto on the 
-eourse of the hydrolysis of a single sample of glycogen, the behaviour 
of the three varieties of glycogen referred to above towards dilute 
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acid was examined by heating them in 1 per cent. solution in semi- 
normal hydrochloric acid (1°82 per cent. HCl) in a boiling water-bath, 
the course of the reaction being followed by removing samples at 
intervals, cooling rapidly to 15°, observing the rotation in a 2 cm. 
tube, and then making up 10 c.c. of the liquid to 25 c.c. with 5 c.c, of 
normal potash and water, and estimating the reducing power of 20 
c.c. of this solution with Fehling’s solution by Brown, Morris, and 
Millar’s method (Trans., 1897, 275). - The experimental numbers were 
in every case plotted on squared paper against the time, a curve drawn 
through them, and the values taken from the curve. The results 
obtained show that in every case the rotation of the solution falls, at 
first rapidly and then very slowly, whilst the cupric reducing power 
increases at first rapidly, and then slowly, until a maximum is reached 
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after which it slowly decreases. This is shown in the accompanying 
curves, in which the actual rotation and the dextrose calculated from 
the cupric reducing power are plotted against the time for a sample 
of yeast glycogen. 

In the following table, the numbers for each specimen of glycogen 
are given under two headings: (1) dextrose calculated from the cupric 
reducing power, and (2) dextrose calculated from the rotation, the 
latter being calculated on the assumption that the rotation of a 1 per 
cent. solution of dextrose at 15° in a 2 cm. tube is 1°05°. 

The average deviation from the smoothed curve of the numbers 
expressing the dextrose calculated from the cupric reducing power is 
only 0°7 per cent., and in only four observations does the deviation 
exceed 2 per cent, : 
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Yeast glycogen. 
——______________———| Rabbit glycogen. || Oyster glycogen. 


a. | b. 


Dextrose calculated from 


Redue- | Rota- || Reduc- | Rota- 
tion. tion. tion. tion. 


0916 | 1°488 ose 3°24 

1013 | 1160 |} 0°700 | 2°20 

1°051 | 1°093 || 0°940 | 1°470 
1070 | 1°082 || 1°085 | 1°206 | 
1078 | 1°075 || 1°058 | 1°128 | 
1082 | 1°072 || 1°065 | 1°088 
1085 | 1°070 || 1°068 | 1°070 | 
1083 | 1-065 || 1°070 | 1°060 
1°081 | 1°063 || 1:067 | 1°055 
1080 | 1°063 || 1°065 | 1°052 
a | a 1062 | 1°050 
1:072 | 1°061 1059 | 1°050 


© CONT OVI CODD 


— — 1°055 1°048 


1°052 1047 


In the case of the rabbit glycogen, the maximum was obtained after 
8 hours, and amounted to 96°3 per cent. of the calculated amount (the 
temperature in this case was slightly below 100° for the first hour). 
Of two separate samples of yeast glycogen, one yielded the maximum of 
97°9 per cent. of the calculated in 7 hours, and the other a maximum 
of 97°6 per cent. also in 7 hours, Finally, the oyster glycogen 
produced a maximum of 98°3 per cent. of the calculated amount in 7 
hours. 

It will be seen that when the maximum reducing power is attained, 
the rotation of the solution corresponds with an amount of dextrose 
almost exactly equal to that calculated from the reducing power. 
The differences observed are not greater than might be expected under 
the conditions of the experiment, a polarimeter reading of only 0-01° 
corresponding with a difference of 1 per cent. in the dextrose. 

No special examination of the early stages of hydrolysis has as yet 
been made. 


From a consideration of the various properties of glycogen from 
yeast and from animal sources, it appears that no well marked difference 
exists between these substances. 

All the three varieties examined by us have the same composition 
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and the same optical activity. The differences observed between yeast 
glycogen and animal glycogen as regards opalescence, reaction with 
iodine, and behaviour towards dilute acids are not greater than those 
which exist between the two specimens obtained from the rabbit and 
the oyster. 

How far the degree of opalescence in solution and of coloration 
with iodine are characteristic of glycogen from a definite source is not 
at present known, but the difference in this respect between the two 
samples of yeast glycogen examined by us and the divergence of our 
results in these particulars from those obtained by Clautriau seem 
to indicate that these properties cannot be considered as essential. 

We are at present engaged on the study of the early stages of acid 
hydrolysis of yeast glycogen and of the action on it of diastatic 
enzymes, and in particular of that of yeast itself. 


JENNER INSTITUTE OF PREVENTIVE MEDICINE. 


CXXVI.—Atomic and Molecular Heats of Fusion. 
By P. W. Rosertson. 


No satisfactory relationship has hitherto been found between the 
latent heat of fusion of substances and their atomic or molecular 
weights. Crompton (Trans., 1895, 67, 315) supposed the equation 
p/Zv= a constant to be true for the elements, where p is the atomic 
latent heat, 7’ the melting point on the absolute scale, and v the 
valency. Apart from the fact that the experimental numbers give but 
poor agreement with the formula, exception must be taken to an 
expression which involves such a variable “ constant ” as valency. 

Later, Deerr (Proc., 1895, 11, 125, and Chem. News, 1897, '76, 234) 
concluded that p/7’ is a constant only in the case of certain groups of 
similar elements, 

In 1897, Crompton arrived at the result that dw/Z7'= a constant for 
unimolecular liquids, w being the latent heat and d the specific gravity 
of the liquid (Trans., 1897, '71, 925). Concordant values were ob- 
tained in the case of a number of organic compounds which had been 
proved unimolecular by other methods, When the results were too 
high to agree with the above expression, Crompton concluded that the 
liquids were proportionately associated. The number varied from 0:1 
to 0°4 with the elements, the results being calculated in many cases 
from the specific gravity in the solid state. 

De Forcrand (Compt. rend., 1901, 182, 878) showed that the rela- 
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tionship M(W +w)/7" is approximately constant, where UY is the mole- 
cular weight of the substance in the state of a gas at the boiling 
point 7", W the latent heat of vaporisation, and w the latent heat of 
fusion. Owing to the large magnitude of Was compared with w, in 
general, the results have little dependence on the latent heat of fusion. 
Further, 

MW/7’ = constant (Trouton’s law). 


By combining this with De Forcrand’s formula, it follows that W/w= 
aconstant. Using the values obtained by Traube for the latent heats 
of vaporisation of the following elements, which give concordant 
results for Trouton’s formula, the values of W/w are approximately : 


Bromine = 3 Cadmium = 15 
Iodine = 3 Mercury = 25 
Zinc = 14 Bismuth = 16 


According to De Forcrand’s formula, these numbers should be 
identical. 

When the values of Aw/7' are considered, it is seen that with few 
exceptions they have a certain periodic character. It would seem 
therefore that some periodic quantity must replace the value of the 
v in Crompton’s formula to make it true for all the elements. 

Tt can be proved that 7'S/w =a constant, where S is the specific heat 
of the element, by using the relation ZC =a constant, C being the 
coefficient of expansion. But Pictet proves that 7C 3/V=a constant, 
the expression */V representing the mean distance between the atoms 
if V is the atomic volume. Applying this, it follows that 


TS 3/V/w = a constant 
but AS = = a constant (Dulong and Petit) 
Aw/TYV = «constant 


It will be found that this expression agrees more accurately with 
the results of experiment than any which has hitherto been proposed. 

In Table I (p. 1235) are given the values of this expression for those 
elements with atomic weights above 40 the latent heats of which are 
known. Most of the constants required have been taken from Cromp- 
ton’s papers ; the values for copper and silver are due to Heycock and 
Neville, and the latent heats of lead and thallium have been deter- 
mined by the author. 

The value for lead is thus seen to be somewhat below the normal, 
whilst those of bromine, bismuth, and gallium are too high. It isa 
remarkable fact that the two latter elements expand on freezing, which 
occurrence is of comparative rarity. The specific volumes, except in 
the case of bromine, are those of the elements in the solid state. If 
the latent heat of bromine has been correctly determined, it would 


! 
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Taste I, 
we Percentage | Crompton; Crompton 
Element. | 4o.] 7. | 3/7 perme, deviation | 1895, | 1897, 
p/ TV. from mean.| p/Z'v. |10xdw/T. 

ZinG .ieccrssvere 1839 688 | 2°10 1°28 +13 1°34 2°65 
Cadmium ...... 153i 593 | 2°35 1°10 -3 1°29 1°84 
Mercury ...... 565 | 234 | 2°41 1°00 -11 1°21 1°65 
Palladium...... 3873 | 1773 | 2°02 1°08 -4 1°09 2°83 
Platinum .....: 5295 | 2052 | 2°10 1°23 +9 1°29 2°33 
Goldics.ce. voces | 8227 | 18385 | 2°15 1‘1l -2 0°80 2°36 
RRR. 1573 503 | 2°55 1°23 +9 1°56 1°86 
| eae 1340 598 | 2°61 0°87 — 23 1°12 1°22 
Thallium ...... 1470 562 | 2°57 1°02 +10 2°62 1°52 
Co epee 1485 387 | 2°96 1°29 +14 137° 1°48 
Copper ......... 8140 | 1855 | 1°93 | 1°20 +6 1°16 3°25 
Silver............] 2920 | 1230 | 2°16 1°10 -3 2°37 2°30 
Bromine ...... 1295 266 | 2°99% (1°63) —_ 1°62* 1°94 
Bismuth ...... 2602 540 | 2°77 1°75 _— 1°60 2°32 
Gallium......... 1336 | 286 | 2°28 2°05 _ 1°56 3°98 


* The valency of the halogens is taken as 3. 


seem probable that this element, like bismuth and gallium, expands on 
freezing. On comparing these results with those obtained by 
Crompton, it is readily seen that the most definite relationship of this 
type yet obtained is as follows :—For the elements with atomic weights 
above 40 which do not expand on freezing, the atomic heat of fusion divided 
by the melting point on the absolute scale into the cube root of the atomic 
volume is a constant. 

Excluding bromine, the mean percentage deviation is +10, with 
1‘13 as the mean value of the constant. It is interesting to note that 
in Dulong and Petit’s law the variation from the mean is about +7 per 
cent. 

Since Dulong and Petit’s law cannot be said to apply to compounds, 
it would seem improbable that the expression Mw/Z'3/V would yield 
constant results with the molecular heat of fusion. As a matter of 
fact, however, certain definite relationships are obtained in the case of 
compounds also. Thts the binary inorganic compounds and certain 
groups of organic compounds yield numbers in close agreement with 
one another. But the latent heats of those organic compounds which 
contain a large number of atoms in the molecule show wide deviations 
from the law ; for example, the latent heat of stearic acid (56 atoms) 
is about twice that calculated from the formula. This difference 
might be attributed (a) to the high molecular weight, (5) to the larger 

4N 2 
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number of atoms in the molecule. That it 1s not due to the high 
molecular weight is shown by the fact that tribromoaniline and 
tribromophenol give latent heats in accordance with the predicted 
values. 

The most probable explanation of the irregular results obtained with 
compounds containing a large number of atoms in the molecule would 
appear to be that 2/V does not truly represent the mean distance 
between the molecules. The possibility thus presents itself that 
accurate latent heat determinations may serve as a means for the 
calculation of this constant : 


TaBLE II.—Jnorganie Compounds. 


e = —| 10xdw/T 
Compound. Mw. os 37. |Mw/T RV. Rtn ). 

EE EST aa 1439 273 2°70 1°96 2°93 
Iodine chloride ............ 2297 289 3°70 2°14 1°52 
Antimony chloride ...... 3020 346 4°19 2°09 1°03 
Antimony bromide ...... 3490 367 4°42 2°15 1°10 * 
Arsenic bromide ......... 2740 295 4°39 2°11 1°08 * 
Tin tetrabromide ......... 2910 303 5°09 1°89 0°73 * 
Lead chloride............... 5810 758 3°64 2°10 1°60 * 
Lead bromide ............ 4520 ? 763 3°80 1°56 1°23 * 
Lead iodide ............... 5300 648 4°17 1°98 307 
Silver chloride ............ 4400 730 3°07 1°96 2°31 * 
Potassium nitrate......... 4949 606 8°65 2°24 1°69 * 
Sodium nitrate ............ 5516 579 3°36 2 81 2°46 * 


* Densities taken in the solid state. 


Good agreement is shown amongst the binary compounds with the 
single exception of lead bromide. From electrical experiments, Weber 
has found the latent heat to be somewhat greater than that given in 
the table, whilst his value for latent heat of lead chloride was in close 
agreement with that found directly. Taking his value for lead bromide, 
the value of the expression Mw/7' 3/V becomes 1°76. The mean variation 
for these ten compounds, with molecular weights ranging from 18 to 
438, is only +5 per cent. from the mean. It is remarkable that 
water agrees with the other compounds although it expands on 
freezing. 
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Tas.e III.—Organic Compounds. 
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Compound. Mw. | T. | IV. \aw/TYV.| 10 x dw/T. 
Acids. 
Formic acid ........ ..... 2640 266 | 3°33 2°98 2°71 
BE OM sn cdneeeteniic ses 2661 277 3°84 2°50 1°61 
Chloroacetic acid ......... 3890 834 3°91 2°98 171 
Benzoic acid ............... 4607 396 4°56 2°61 1°08 
Phenylacetic acid ........ 4293 350 4°80 2°56 1°00 
Phenylpropionic acid ...| 3720 322 5°14 2°25 0°87 
TOUTES BONG ..0.00060s00c00000: 8985 316 6°13 4°64 1°24 
Stearic acid ..............- 13520 337 | 6°93 5°79 1°19 
Hydrocarbons. 
l 
Naphthalene ..............- 4559 | 353 4°81 2°67 0-99 
Phenanthrene ............ 4450 | 373 5°45 2°19 0°71 
Diphenyl ......s.ec0000.00: 4391 | 343 5°36 2°39 0°83 
Diphenylmethane.........| 4661 | 300 5°54 2°80 0-90 
Halogen derivatives. 
p-Chloroaniline ............| 4742 342 4°13 2°93 1°30 
p-Dichlorobenzene.........) 4395 | 325 4°90 2°76 1°15 
p-Dibromobenzene ..... 4862 | 358 5°04 2°70 1°06 
p-Bromophenol.... ........ 3961 | 337 4°62 2°55 1°09 
Tribromophenol ........ 4301 | 366 4°96 2°37 0°93 
Tribromoaniline ......... 4608 | 395 5°14 2°27 0°86 
Nitro-derivatives. 
Nitrobenzene ............... 2743 264 4°45 2°34 1°02 
m-Dinitrobenzene ......... 4901 | 363 4°81 2°81 1°21 
Nitronaphthalene........., 43883 | 329 5-06 2°64 0-97 
o-Nitrophenol ............ 3725 | 316 4°60 2°56 1°10 
Phenols 
en ee 2344 | 298 | 436 180 0-89 
OMIM 5s issiivissscsoness 4906 888 | 4°41 2°90 1°37 
a 5°36 2°40 0°81 


4127 | 321 | 
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TaBLe IlI.—Organic Compounds (continued). 


Compound. Mw. , IV. \Mw]/T 8/V-.| 10 x deo] 7. 


Amino-compounds, 


Diphenylamine ........ ... 3830 | 324 4°72 2°51 0°78 
p-Toluidine .............. 4177 | 312 467 2°87 1°21 
@-Naphthylamine ......... 3720 316 4°96 2°38 0°95 


Aromatic Ketones. 


Acetophenone ............ 3588 293 4°86 2°52 1°05 
Benzophenone 4361 321 5°40 2°51 0°90 
Miscellaneous. 
SII 555 $c bbediiesasice 3022 333 4°22 2°15 1°12 
I (sess dsuseuseeseen 3631 822 4°30 2°62 1°34 
Azobenzene  ............... 5187 342 5°31 2°85 0°87 
Azoxybenzene ............ 4285 308 5°42 2°57 0°88 
EN ciccsvesseciesoose 4070 294 5°30 2°61 0°94 
Thiosinamine ............ 3874 850 4°56 2°43 1°14 


It is at once apparent that the agreement in the case of the organic 
substances is not as close as that observed amongst the inorganic 
binary compounds. There are, indeed, several striking exceptions. 
Thus phenol shows a deviation of more than 25 per cent. from the mean. 
Of the 36 organic substances mentioned, more than 30 give numbers 
which do not vary to a greater extent than +7 per cent. from the 
mean. 

To test the theoretical considerations enumerated above, the latent 
heats of several substances of more or less importance to the result 
have been determined. In addition, it has been necessary to find the 
specific gravities of a number of organic compounds in the solid state. 

In the determination of the latent heat, the simplest apparatus was 
employed. The substance placed in a test-tube was heated to the 
required temperature in a hot-air bath, and when the thermometer. in 
the tube and the one in the bath registered the same temperature, the 
test-tube and its contents were rapidly plunged into a large calorimeter 
fitted up with the usual precautions. This operation was repeated at 
different temperatures. In the case of the metals, the solid piece was 
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caught by the stirrer as it fell from the fractured test-tube. In 
repeating the experiment, a tube of equal weight was employed. 

The loss of heat of the calorimeter by radiation was practically nil 
when the latent heats of the metals were being found, as the final 
temperature was reached in so short a time, Owing to the poor con- 
ductivity of the organic compounds, however, the time taken to acquire 
the final temperature was considerably longer, although even in this 
case the change due to radiation is hardly noticeable. In general, 
when two observations were made at the same temperature, one was 
made with the water in the calorimeter slightly below the temperature 
of the air and the other a little above, 

The solid organic compound was heated to about 20° below its melting 
point, and several observations made at about this temperature, It 
was found inadvisable to work at a higher temperature with the solid, 
for the presence of impurity is apt to make the specific heat increas® 
rapidly near the melting point. Groups of observations were then 
made at intervals of 10 and 30° above the melting point. 


TaBLE 1V.—Water + Water Value of Calorimeter =630 grams. 


| 
Substance. Weight. | Temperature. sunipantis, Rise. 
Dien nce ceeyesecistss sees 36 230 18°05 0°75 
s 36 230 17°15 0°80 
in 36 255 22°05 0°85 
ve 36 315 18°1 1°5 
M? 36 350 18°5 1°7 
a 49 240 17°4 11 
me 49 260 18°6 1°15 
is 49 265 18°25 1°2 
o 49 805 19°45 19 
‘ 49 330 20°4 2°0 
Lead 45 260 18°15 09 
mt 45 260 18°05 0°95 
os 45 290 20°55 1°05 
- 45 290 183 1°05 
on 45 350 21°1 1°8 
> 45 350 20°6 1°8 
” 45 365 19°6 1°9 
Tin 43 160 16°35 0°75 
- 43 160 19°95 0°75 
. 43 190 19°1 09 
fs 43 190 19:9 0°9 
i 43 240 220 2°1 
53 43 270 19°95 2°3 
. 43 285 19°8 2°35 
“" 43 290 222 2°4 
Phenanthrene 16 75 21°45 0°55 
16 80 24°0 0°5 
16 85 24°4 0°55 
16 110 21°45 1°65 
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Taste 1V.—Water + Water Value of Calorimeter =630 grams 


(continued), 
Substance. Weight. | Temperature.| , saline. Rise. 
Phenanthrene.............+. 16 115 19°7 17 
CaN 16 130 21°8 2:0 
Phenylacetic acid ............ 25°3 60 22°35 0°5 
Sn ree 25°3 60 17°95 0°55 
|. ebunetweeces 25°3 80 22°2 2°1 
ca.” ~ sveaesmpnd 25°3 80 21°8 2°2 
EE ee taal 25°3 90 23-05 2°4 
ee 25°3 95 20°2 2°6 
+ Soe ghesadheiene 25°3 115 20°8 3°15 
m-Dinitrobenzene ............ 20 70 20°55 | 0°5 
a Papsvathies 20 70 23°5 0°5 
ee 20 100 20°1 17 
ae ee 20 100 232 1:75 
i. 3 ciemouay 20 110 23°1 1°8 
Bete.” “esSenteoanve 20 120 21°0 1°95 
Thiosinamine...............++ 20°2 60 20°2 06 
SE er csccnvnptoneaty 20°2 60 19°55 0°65 
om: 20°2 98 18°3 2°35 
SM” cdeusbisopvesesenus 20°2 98 23°25 2°25 
REE Lexsegeeeseatoosnen 20°2 125 20°95 2°75 
eR s Iouenewceeev res #xe 20°2 125 22°35 2°8 
Tribromophenol............... 16 60 19°6 0°35 
ile eaten 16 60 20°6 0°35 
Rr ee 16 100 19°55 1°05 
. lrreene s Seeareee 16 100 21°1 1°05 
i). iia Mbaceabin 16 120 222, 12 
a eorie 16 120 21°05 13 
Tribromoaniline............... 16 85 14°75 0°65 
lia SE oe a 16 85 16°15 0°65 
aoe”) -obdeewees ganas 16 180 18°36 1°5 
ahs vestedbdedensos 16 130 18°45 1°6 
Ea aT 16 150 17°95 1°8 
BE, died asc, 16 150 16°5 1°85 


Latent Heats. (See Table IV.) 


Thallium.—The metal was heated in an atmosphere of coal-gas. 
Two series of experiments were performed, using different amounts of 
material. In the first series, the latent heat was found to be 7°0, and 
in the second, 7°4; mean, 7°2, The melting point was assumed to be 
290°. This value for the latent heat is widely different from that 
(5°12) obtained indirectly by Heycock and Neville (Trans., 1894, 
65, 31). Their value, however, is calculated from the atomic falls of 
only three metals. Further, the material they used contained “at 
least 98 per cent. of thallium.” Small quantities of impurities are 
known to have a noticeable effect on the latent heat ; thus, 35 per 
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cent. of solid matter has been found to depress the latent heat of ice 
from 80 to 54 (Petterson). The thallium used by the author was 
shown to be almost pure by the following analyses: 


0°2292 gave 0°3710 TIT. T1l=99°81 per cent. 
02348 ,, 0°4678 TI,PtCl,. Tl=99°74 per cent. 


Lead.—From these experiments, the latent heat is found to be 6°45, 
assuming the melting point to be 330°. The results obtained by 
previous observers are: (1) Rudberg, 5°858 ; (2) Person, 5°369. 

The atomic falls obtained by Heycock and Neville in the case of 
lead vary so much that it is hardly safe to draw conclusions from 
them as to the latent heat of the metal. Taking the mean of the 
atomic falls between 4 and 6°4, the latent heat would seem to be 
about 6°3. The purity of the metal (Merck) used by the author is 
shown by the following analysis : 


0°3224 gave 0°4728 PbSO,. Pb=100°15 per cent. 


Tin.—The experimental numbers give the value of the latent heat 
as 14:05, which is in close agreement with Person’s value 14°252. 
The melting point was taken as 230°. 

Phenanthrene.— After separation from the anthracene present, which 
raises its melting point, the substance melted sharply at 100°, and the 
melting point was not altered by recrystallisation. The latent heat 
was found to be 25. This is a little higher than the number 23, 
calculated from the molecular depression 120, obtained by Garelli and 
Ferratini (Gazzetta, 1893, 23, i, 442). 

Phenylacetic Acid.—The acid used had a melting point of 77° and 
gave the latent heat as 32. Bruner* (Ber., 1894, 27, 2102) found the 
value 25:4 with a sample of the acid melting at 74°9°. 

m-Dinitrobenzene.—The latent heat of this compound does not seem 
to have been previously determined. A sample melting at 90° gave 
the latent heat as 29-0. 

Thiosinamine.—This compound is doubly interesting from the fact 
that it is the only one in the list containing sulphur, and that it 
contains an ethylene linking. The material used had a melting point 
of 77° and gave the latent heat as 33:4. 

Tribromophenol.—This substance is especially interesting on account 
of the magnitude of its molecular weight. The material used melted 
at 93° and was found to have a latent heat of 13:4. 

Tribromoaniline.—Two different preparations both melted at 122°. 
The latent heat obtained was 14:4. This is a little higher than 
that of tribromophenol, 

* Several of the latent heats obtained by this observer are lower than those of 


other experimenters, and some give smaller values for the expression Mw/T' 3/V than 
would be expected by analogy with similar compounds. 
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These latent heat determinations are summarised in the following 
table : 


Substance, Melting point. Latent heat. 

ET Set tiinncespnecosveecevncserseoerin (290°) 72 
Te ee cedesnearend (330) 6°45 
En ciss ns ncewsiobessibas eobhdies (230) 14°05 
cs icnenvvonsecnyecessootes 100 25 
Phenylacetic acid ...................00065 7 82 
m-Dinitrobenzene ..............000es00e 90 29°0 
ine. snnccesvcusatreyweiesies 77 83°4 
Tribromophenol ..... pipebeepieeialeeitaes 93 13°4 
Tribromoaniline ...................s0ece00- 122 14°4 


Specific Gravities. 


It is a little remarkable that the specific gravities of comparatively 
few solid organic compounds are known, The values obtained in the 
following table were determined by means of the specific gravity 
bottle, water or petroleum of low boiling point being employed to 
fill the vacant space. The values given are the mean of two closely 
concordant results : 


Compound. Sp. gr. 20°/20°. Pen SS lume of 
IMINAID: 56500052: 000 ceiese sec cenass 1°160 105°6 
M-Dinitrobenzene .........cseccescssecees 1°521 111°1 
IOIIOTID s0sccc ccd esossinstdsventeces® 1°172 155°3 
a-Naphthylamine  .............scscsceeees 1171 122°1 
EE I 1'248 158°8 
IN oo ccedtxtteecsesateotsecess 1°219 95°1 
RE in dGgestes desdseveedniecwereenees 1 80°2 
Chloroacetic acid  .........cesececessveees 1°58 59°8 
I ac oskv cescuscssccieesss¥eoees 0°97 75°3 
Tribromophenol ........... scossssssessees 2°55 121°9 
IIIS, oon ciicceosdsccsvvedscsvnss 2°35 136°2 

Summary. 


(1) For the elements with atomic weights over 40 which do not ex- 
pand on freezing, the expression /w/7',/V gives numbers the deviation 
of which from the mean is but slightly greater than that observed 
in the case of Dulong and Petit’s law. 

(2) For the binary inorganic compounds, the mean percentage devia- 
tion of the values of Mw/7'3/V is only +5. 

(3) In the case of the carbon compounds, great regularity is noticed 


REVISION OF THE ATOMIC WEIGHT OF LANTHANUM. 1243 


among those of similar constitution. Thus for the disubstituted 
benzenes the variation is +5 per cent. Compounds with two benzene 
nuclei give equally satisfactory results. 

There still remain a number of points to be cleared up in connec- 
tion with the subject of latent heats of fusion. Careful determinations 
with pure material of the latent heats of all the members of one or 
more series of organic compounds should throw much light on the 


relationship between latent heat, molecular weight, and chemical 
constitution. 


In conclusion, the author would acknowledge his indebtedness to 
Professor Easterfield, who has superintended the above work and 
helped him with much practical advice. 


VictoriA UNIVERSITY COLLEGE, 
WELLINGTON, NEw ZEALAND, 


CXXVII.—Revision of the Atomic Weight of 
Lanthanum.* 


By Bonustay Brauner, Ph.D, and Frantisex Paviicex,t Bohemian 
University, Prague. , 


(Communicated by Professor Bohuslav Brauner.) 


THE atomic weight of lanthanum belongs to those constants which 
have been relatively often determined. It is seen from Table I, given 
below, that since the year 1842, twenty-six series of determinations have 
been made by fifteen chemists, whereas in the case of, for example, 
the technically important iron, we possess only seven determinations. 
But whereas the numbers obtained for iron are all approximate to 56, 
those obtained for lanthanum differ considerably from one another, 
the minimum being La=132°55 and the maximum La=148°25 
(difference = 15°7), and if we take into account only the most trust- 
worthy determinations made within recent times, we have a minimum 
of 135-0 and a maximum of 139°7, the difference being 4°7. 

In Table I, the first column contains the name of the chemist, and 
the numbers in brackets show that several determinations were made 
by the same chemist. The second column gives the date of publica- 
tion, the third column indicates shortly the method used and the ratio 
from which the atomic weight was calculated. The last column gives 
the resulting “atomic numbers” with regard toO=16. The numbers 


* The original paper, of which this is an abbreviated version, was received on 
February 24th, 1902.—[Ep1Tor. ] 


+ Read Pavleetchek, 
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were calculated from the data contained in the classical work of 
Clarke (“A Recalculation of the Atomic Weights,” Revised Edition, 
Washington, 1897). With regard to O = 16 and S = 32:07 used by Clarke, 
on using the international S=32-06, which was used for the cal- 
culation of the results obtained in the present paper, the numbers of 


TaBLe I.—Determinations of the Atomic Weight of Lanthanum. 


Chemist. Date. Method and ratio used. pe 
Rammelsberg......... 1842 La.(SO4), : 3BaSO, 132°55 
Marignac (1) ......... 1849 Lay(SO,)s : 3BaSO, (A) 139°53 
Marignac (2) ......... 1849 La,(SO,4)3 : 3BaSO, (B) 148°25 
Marignac (38) ......... 1849 La.(SO,4)3 : 3BaCl, 141°27 
Holzmann (1)......... 1858 La,O, : 3BaSO, 139°46 
Holzmann (2)......... 1858 La,O, in La,(10,),,3H,O 137°59 
Holzmann (3)......... 1858 La,O, in LagMg3(NOz3)j.,24H,O 138°68 
Czudnowicz ......... 1860 La,O, : 3BaSO, 133-00 
Hermann (1) ......... 1861 LaCl, : Cl; 139°25 
Hermann (2) ........ 1861 La,(SO,)3 : LagO, 139 °52 
Hermann (8) ......... 1861 2,03: . 139 °36 
Zschiesche ............ 1868 La,(SO,4)3 : LagO, 135°35 
as 1871 . La (SO,4)3 : La,O, 135 °65 
BIE): scoess. ose, 1871 La,(SO,4), : 3BaSO,4 134°79 
Marignac (4) ......... 1873 La(SO,), : La,O, 138°81 
| ES 1874 La,Og : La,(SO,4)s 139°29 
Brauner (1)............ 1882 La,Og : Lag(SO,4)s 138°88 
Brauner (2)............ 1882 La,Ozg : Lag(SO,4)s 138°36 
Cleve (2)........0.00+s. 1883 La,O, : Lag(SO,4)s 138 36 
| 1884 La,O; : La,(SO,4)s 138°77 
Bettendorff............ 1892 La,Og : Lag(SO,)3 138°71 
Gibbs and Shapleigh| 1893 La,O, : 3C,0; and La,Oy : La,(SO,), 139°71 
Schiitzenberger ...... 1895 La,O, : La,(SO,4)3. Principal fraction: | 138°0 
Schiitzenberger ...... 1895 La,O, : Lag(SQ4)s. Side fraction ; 135 
Muthmann............ 1899 ? 138°4 ? 
Atomic weight 

tables. 
0 ee 1897 ‘* Recalculation,” mean 138°64 
BE tatessetcnsccsee- 1897 Cleve’s and Brauner’s numbers only 138°36 
eS Se 20, | [ee ef 138°6 
International......... | 1902 German Chemical Society Commission | 138 
PPOIUIB <55<000cec00ese | 1901 Own table 138°5 


the table depending on the atomic weight of sulphur would be reduced 


by 0°02. 


The last lines of the table contain the mean values, as calculated by 


different chemists, for their atomic weight tables. 
The abnormally low number, La =135, which appears several times 
in the table is not without some historical interest. 
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In 1870, Mendeléeff was of opinion that the quadrupled equivalent 
of_lanthanum, Sa x4=180, represented its true atomic weight, and 
that the element belonged to the fourth group. 

The determination of the specific heat of metallic lanthanum by 
Hillebrand, in 1874, proved that the order of the atomic weight of 
lanthanum is 138, but in spite of this Winkler, in 1891 (Ber., 24, 
889), considered that the composition of lanthanum hydride prepared 
by him is best represented by the simple formula LaH,, if we assume 
La’’ = 180. 

I have shown (Ber., 1891, 24, 1328) that the atomic weight of 
lanthanum cannot differ much from La™' = 138°2, and that the hydride 
has the formula La,H,, which is analogous to that of the hydride of 
the quadrivalent cerium, Ce,H,. On examination of the spark spec- 
trum of the fractions of lanthanum material yielding the apparent 
atomic numbers 132 te 135, I found that these low numbers are due 
to the admixture of yttrium (Y = 89). 

In 1898, on examining the solubilities of the oxalates of some 
rare earths in normal sulphuric acid, I found that that of yttrium 
approaches that of lanthanum, so that on fractionating with oxalic 
acid certain lanthanum fractions may contain an admixture of 
yttrium. 

Although it was thus proved by me that the low numbers of about 
135, obtained for the atomic weight of lanthanum, are due to an ad- 
mixture of yttrium, this abnormal value reappeared once more in 
chemical literature. Schiitzenberger, in 1895 (Compt. rend., 120, 1143), 
found that some fractions of lanthanum contained the ordinary lan- 
thanum, La= 138, others a second lanthanum with the atomic weight 
La=135. This lower number is regarded by Rydberg (Zeit. anorg. 
Chem., 1897, 14, 99) as the real atomic weight of lanthanum, as, 
according to his view, it agrees better with certain numerical relations 
observed by him in atomic numbers. 


The objects of the present work were : 

(1) To ascertain whether the purest lanthanum preparations, that is, 
those corresponding with the most basic of all cerite earths, are homo- 
geneous, and what is the real atomic weight of the element contained 
in them. 

(2) To determine whether the atomic weight of lanthanum is some- 
what higher than 138°4, for, according to the “twin rule” of Lorenz 
(Zeit. anorg. Chem., 1895, 12, 329), it ought to approach the number 
La = 139. 

In this connection, it may be pointed out that if the number 
Ce=139°0, calculated from the determinations of Wyrouboff and 
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Verneuil (Bull. Soc. Chim., 1897, [iii], 17, 679) by Clarke (Annual 
Report of the Committee of Atomic Weights, 1897), for the atomic 
weight of cerium, be correct, we should expect the atomic weight of 
lanthanum to be considerably lower than La=139. 

(3) To investigate once again the question whether or no, in ordinary 
lanthanum free from yttrium, fractions are contained the element of 
which possesses an atomic weight of 135. 

(4) To discover whether the classical method used for the determin- 
ation of the atomic weights of almost all rare earth elements, that is, 
the conversion of the oxide into the sulphate, contains any hidden 
source of error. 


Preparation of Material. 


In 1873 (Annalen, 168, 45), a new method was described by Men- 
deléeff for the easy separation of lanthanum from didymium. It con- 
sists in recrystallising the double nitrates with ammonium nitrate 
from an aqueous solution. 

This method was modified by Auer von Welsbach, in 1885 (Monatsh, 
6, 491), who did not quote Mendeléeff, and is therefore wrongly re- 
garded as the originator of the method, by recrystallising the double 
nitrates in the presence of nitric acid. At the end of his paper, in 
which the separation of the old didymium into “neodym” and 
“ praseodym ” (the latter separates with lanthanum) is described, this 
author says that lanthanum, like his “‘ twin” didymium, will sooner 
or later disappear from the series of elements, a statement which 
means that, in his opinion, it consists of a mixture of elements. 

This fact was observed by me previously, in 1882 (Monatsh., 3, 176). 
A most “negative” fraction was obtained from lanthanum with an 
‘‘atomic weight” of R''=140°19, and in the spark spectrum, in which 
the yttrium lines were prominent, some lines belonging neither to 
lanthanum nor to yttrium were observed. 

Mendeléeff’s method, as modified by Auer, was employed for the 
purification of the lanthanum material used by Bettendorff in 1892, as 
well as by Gibbs and Shapleigh in 1893 in their atomic weight deter- 
minations (see Table I). Quite recently, Melikoff and Pissarjewsky 
(Zeit. anorg. Chem., 1899, 21, 70), without knowing that they return 
to Mendeléeff’s original method, recommend recrystallisation from the 
neutral solution for the preparation of pure lanthanum compounds. 

Many years ago, fractional precipitation with magnesia was recom- 
mended for the above purpose by Stolba. Drossbach (Ber., 1896, 29, 
2452) used it for the separation of the yttrium earths. Without 
quoting their predecessors, Muthmann and Rolig (Ber., 1898, 31, 1718) 
recommend it for the easy and rapid preparation of pure lanthanum 
compounds, and they obtain from 470 grams of the crude oxide mix- 
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ture 200 grams of perfectly pure lanthanum oxide. However, in a 
paper by Ley (Zeit. physikal. Chem., 1899, 30, 236), we find in a 
footnote the surprising statement that Muthmann and Rélig’s material 
was in reality far from being pure, and contained yttria earths. 
Its original atomic weight was R™'=139°5 and after fractionation a 
less basic portion with an atomic weight of R™'=140°1 and a more 
basic portion with an atomic weight La =138'4 are said to have been 
obtained. 

The material which was used for the preparation of lanthanum 
compounds for the purpose of the present investigation was obtained 
from cerite. Since the year 1885, much time has been devoted by me 
and by some of my advanced students to the fractional crystallisa- 
tion of a considerable quantity of the double ammonium nitrates of a 
crude mixture of lanthanum and old didymium free from cerium by 
the Mendeléeff-Auer method. After a long series of crystallisations, 
lanthanum was obtained free from praseodym, neodym, and the whole 
of the elements of the samarium, gadolinium, and yttrium group. 

For the further purification, a second method was used consisting in 
the fractional fusion of the lanthanum nitrate thus obtained with a 
mixture of potassium and sodium nitrates in molecular proportion 
(Debray-Schiitzenberger method). A trace of cerium and of the less 
basic earths was removed first by fusing for half a day at 350°; the 
mass was dissolved in water, filtered, and the residue washed with a 
saturated solution of the alkali nitrates in water in order to avoid the 
finely divided oxides passing into the filtrate. 

The filtrate from this fraction, Al, was carefully evaporated down 
and the moist residue obtained had to be dried very carefully before 
fusion, a tedious operation requiring a great deal of time. 

On repeating the fusion, &., first at 450—500° and for the last 
fractions even at a higher temperature, the fractions A2, A3, A4, A5, 
and A6 were obtained. They consisted of basic lanthanum nitrate 
and were perfectly white. 

A third method of fractionation was used for the further purification 
of the highly purified lanthanum material, A6, which did not contain 
the slightest trace of an yttria earth or of an earth yielding an 
absorption spectrum. Instead of using such weak bases as ammonia 
or magnesia, or of following Drossbach, who used sodium hydroxide, we 
used the most powerful base available, namely, potassium hydroxide, 
which precipitates lanthanum as the hydroxide. The latter, on being 
digested with a hot solution of, for example, lanthanum nitrate, is 
converted into the basic nitrate, and in such-a precipitate the least 
basic portion contained in the solution is accumulated, whereas the 
most basic or positive portion passes into the solution. In this way, 
lanthanum solutions are precipitated by lanthanum hydroxide. 
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The method of fractionation differed in one essential point from 
similar methods hitherto used, for instead of precipitating small 
fractions and leaving the greater part in solution, the larger part was 
precipitated, leaving only the smaller part in solution, this considered 
to be the fraction sought. 

After calculating from a preliminary experiment the volume of a 
definite dilute solution of potassium hydroxide necessary for the 
complete precipitation of lanthanum, sufficient was added to the main 
solution to precipitate seven-eighths and to leave one-eighth in solu- 
tion. The addition was made drop by drop from a large burette and 
the precipitate digested for some time with the solution and then 
filtered. 

After dissolving the precipitate in the smallest amount of dilute 
nitric acid, and repeating the above process of fractionation, the 
following eight fractions were obtained: La0, Lal, La2, La3, La4, 
Lad, La6, La7. If lanthana is a mixture of earths, the lower 
fractions must contain the most basic (positive) portion, whereas the 
least basic (negative) portion will be accumulated in the highest 
fraction. 

The solutions containing the above fractions were first completely 
precipitated by potash, the washed precipitate was dissolved in an 
insufficient quantity of dilute nitric acid, which was added drop by 
drop with stirring, and the solution filtered from a small, insoluble 
residue consisting chiefly of silica and other negative impurities. 

After this, recourse was had to repeated precipitation with ammonia 
and washing of the precipitate in order to remove the alkalis com- 
pletely. From the nitric acid solution of the last precipitate, lanthanum 
oxalate was in each case precipitated by adding a dilute solution of 
sublimed oxalic acid drop by drop. The crystalline, white, and fine 
powder of the precipitate was well washed with water, but as the 
mode of washing has a great influence on the composition of the 
oxalate, this point will be more fully treated in a subsequent section 

-(p. 1265). 


Method of the Atomic Weight Determination. 


It has been generally considered that the most simple and trustworthy 
method for the determination of the atomic weight of the element of 
a rare earth is the conversion of the oxide R,O, into the sulphate 
R,(S0,)s 

Bunsen dissolved the oxide in dilute sulphuric acid and removed 
the excess by evaporation, but as the reaction is an exothermic one, 
and the sulphates are only slightly soluble at a low, and still less 
so at a higher, temperature, some solid sulphate may separate out 
before the oxide has dissolved completely. 
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In order to avoid the error due to incomplete solution in sulphuric 
acid, the oxide is now generally dissolved in nitric acid, after which 
dilute sulphuric acid is added and the excess of the acids removed by 
evaporation. 

In chemical literature, very vague and incomplete indications are 
found regarding the temperature at which the excess of sulphuric acid 
is removed from the sulphate. Although sulphuric acid boils at 338°, 
a much higher temperature than this is recommended for its removal, 
and the sulphate is generally heated for some time at, or a little above, 
400° in order to remove all free sulphuric acid. 

The only chemist who has directed his attention to the question of 
the equilibrium between the basic and acid constituents of the sulphate 
of a rare earth is Bailey (Trans., 1887, 51, 683). On heating ‘‘ didy- 
mium ” sulphate containing an excess of sulphuric acid slowly to and 
above 360° he could not find any range of temperature within which 
the weight of the salt would remain perfectly constant. Each increase 
in temperature led to a further loss of weight and an equilibrium 
could not be obtained. Bailey says that it remains to be seen 
whether the other earths of this group show similar variations. 

It should be added that a means of ascertaining whether the 
sulphate obtained by synthesis is normal was proposed by Cleve, 
Nilson, and others: it must dissolve in water without leaving an 
insoluble residue of the basic sulphate. This test only shows whether 
too much sulphuric acid has been removed, and yet we shall see that 
this criterion is not trustworthy. No one, however, has considered the 
other side of the question: How can we find out whether the sulphate 
does not contain an excess of sulphuric acid ? 

In the experiments recorded in this paper, we proceeded as follows. 
Air-dried lanthanum oxalate was heated gradually and carefully until 
the oxide was obtained. This was heated in a double platinum 
crucible * to the highest yellow heat in a strongly oxidising flame. 
The oxide obtained from the fractions La0, Lal, La2, La3, and La4 
was at first perfectly white, but on being heated for a longer time 
the part in contact with the hot walls of the platinum crucible 


* The proposal to heat the platinum crucible (with the substance) which is to be 
weighed inside another platinum crucible was made by my former teacher, 
Prof. Stolba, some thirty years ago, The inner crucible does not come into contact 
with the flame gases, and does not change its weight. Its surface does not become 
rough by crystallisation, or from little sand and dust particles which, being projected 
on the soft, white-hot metal, stick to it and make it often heavier. I have used 
the same crucibles for the last twenty years, and they look like new to-day, and, 
what is more important, they do not leak, whereas crucibles which are heated directly 
over the blast invariably do so after a few months’ use, so that they become unfit for 
any kind of exact work. 
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erect : 
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assumed an extremely slight pale buff tint. This tint was slightly 
more prominent in the higher fractions, especially in La7. 

Lanthanum oxide, which was weighed after cooling over phosphoric 
oxide, was slowly and carefully dissolved in water to which nitric acid 
was added very gradually, after which a small excess of dilute 
sulphuric acid of known strength was added. A blank experiment 
made with the quantities used (5—10 c.c. of water, 2 c.c. of nitric acid, 
and 3 c.c. of sulphuric acid) showed that the residue obtained on 
evaporation in the air and after heating at 500° is inappreciably 
small, 

After evaporation to dryness, the platinum crucible was fastened in 
the centre of a large porcelain crucible having in its lid a thermometer 
graduated up to 550° by which at least the order of the temperature 
was indicated. The large crucible fitted into a larger plate of asbestos 
cardboard in order to exclude the products of the combustion of coal 
gas (chiefly water and carbon dioxide) from the atmosphere of the 
crucible. 

Experiment I.—0°97175 gram La,O, was converted as above into 
the sulphate and the latter containing an excess of sulphuric acid was 
heated in the crucible air-bath. 


Weight of a ° er 
Time of heating. Temperature. sdelale in a 

grams. easiness 

8 hours 1°7112 133°70 
2 1°7025 133°52 
eres 350°+ 1°6990 136°28 
Da 1°6982 136°48 
5 ,, (total 24 hours) -1°6982 constant 136°48 
Ss 4, } 1°€978 186°56 
ee 450°+ 1°6955 13706 
je J 1°6949 137°20 
4 ,, (total 19 hours) 1°6938 constant 137°45 
Direct flame in hand below 1°6935 137°41 
red heat i | (16930 137 °62 

| 


It is seen from this experiment how slowly and incompletely the 
excess of sulphuric acid is driven off, and it will be seen later on that 
it cannot be driven off completely unless the substance be heated 
200—300° above the boiling point of the acid. 

This behaviour is undoubtedly due to the presence of an acid 
sulphate of lanthanum analogous to the acid sulphate of cerium 
described by Wyrouboff (Bull. Soc. Chim., 1890, [iii], 2, 275). The 
vapour pressure of sulphuric acid in this salt must be smaller than 
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that of the free sulphuric acid.. The partial formation of this salt 
was confirmed by our experiments.* 

Lanthanum sulphate, obtained in Experiment I, was dissolved in 
water and the solution was found to be strongly acid towards ethyl- 
orange. But first the question had to be considered whether and 
bow far normal lanthanum sulphate is hydrolysed in aqueous solution. 

Ley (Zeit. physikal. Chem., 1899, 30, 236) found by physical methods 
that salts of lanthanum with strong acids are only very slightly 
hydrolysed at the ordinary temperature, so that, for example, lanthanum 
chloride in aqueous solution shows, in the presence of phenolphthalein, 
a very slightly acid reaction, but he says nothing about the sulphate, 


Behaviour of Lanthanum Sulphate towards Ethyl-orange. 


A larger portion of lanthanum oxide from the fraction A5+6 was 
converted into the sulphate with all due precautions, and this was 
heated for a long time to incipient redness in order to remove the 
excess of sulphuric acid as far as possible. It was dissolved in 6 parts 
of ice-cold water. One part of this solution was heated to 35—40°; 
the hydrated salt which separated out was collected on a perforated 
platinum plate with the aid of a pump and well washed with water. 
From another part of the solution, the salt was precipitated with alcohol, 
collected at the pump, and well washed. The salt prepared by either 
method was heated in the crucible air-bath for a long time at about 550°, 
and 1 gram of the anhydrous substance dissolved in 50 grams of water. 

On addition of 5 drops of a dilute (1: 500) alcoholic solution of 
our ethyl-orange, which was found to be more sensitive as regards the 
transition near the neutral point than our methyl-orange, the above 
standard solution of lanthanum sulphate was found to be very nearly 
neutral ; it exhibited, however, a slight but distinct orange tint as 
compared with the same quantity of water containing the same 
quantity (5 drops) of ethyl-orange which was more yellow, so that it 
would seem that it is very slightly hydrolysed in aqueous solution. 

In all atomic weight determinations recorded below, the lanthanum 
sulphate was dissolved in 50 parts of water, and after addition of 5 
drops of our ethyl-orange these solutions were titrated with W/20 to 


* In order to avoid the mere assumption of the existence of a hypothetical acid 
sulphate of lanthanum, I asked Mr. Picek to prepare it. He succeeded in doing so 
by a novel method, differing from that used by Wyrouboff. The result of this work 
was the preparation of a whole series of acid sulphates in a pure state possessing the 
general formula R™',(SO,),,3H,SO, in which R™=Ce, La, Pr, Nd, Y, and Sm. 
This fact was communicated to the Chemical Society on February 24, 1902. As the 
acid sulphates of Pr and Nd were described several weeks later by Matignon 
(Compt. rend., 1902, 184, 657), 1 am obliged to make this statement in order to 
prove that our discovery was made independently of that of Matignon. 

402 
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4/30 solution of sodium hydroxide (sometimes a W/20 solution of 
sulphuric acid was also used, and the titration was done to and fro) 
until the above “‘standard” tint was reached. The volume of the 
alkali used was reduced to the corresponding volume of the W/10 
solution and every c.c. multiplied by 0°0049038. The weight of 
sulphuric acid obtained is then subtracted from that of the weight 
of the “ crude” sulphate. 

As it was found in several preliminary experiments, not recorded 
here, that the synthetical lanthanum sulphate, which was heated at 
about 500°, was rather strongly acid so that the correction determined 
acidimetrically would be rather large, we tried to diminish it by heat- 
ing the salt at about 550° in an atmosphere of ammonia. For this 
purpose, ammorium carbonate was projected upon the red-hot bottom 
of the porcelain crucible containing in its centre the open platinum 
crucible, after which the lid of the porcelain crucible was replaced im- 
mediately. After several repetitions of this process, the sulphate 
obtained was far less acid, and even sometimes neutral or normal, 
as regards the aqueous solution finally obtained. 

Lanthanum sulphate, obtained by evaporation of its nitric acid solu- 
tion, forms a loose mass of fine needles. On heating the salt toa 
temperature which in some cases may have finally exceeded 600°, that 
part which adheres to the platinum walls of the crucible may become 
partly converted into the basic salt, that part which lies nearer the 
centre may consist of the normal salt, and the uppermost inner layer 
may consist of some incompletely decomposed acid sulphate. On dis- 
solving such a mixture in water tinted with ethyl-orange, the salt at 
first rapidly dissolves with an acid reaction, then the solution proceeds 
more slowly, the acid reaction diminishes, and the last insoluble portion 
containing the basic salt is brought into solution slowly but completely 
by the free sulphuric acid resulting from the hydrolysis of the acid 
sulphate. It is a matter of mere chance that in some experi- 
ments the aqueous solution of the sulphate resulting after the above 
equilibrium had taken place was neutral. In other cases, it was 
acid. 

In none of the 27 experiments recorded in this paper was the solid 
lanthanum sulphate prepared by synthesis homogeneously neutral or homo- 
geneous in all its parts. This is due to the circumstance that it 
hitherto has been found impossible to heat the system: crucible + 
sulphate, throughout exactly to the same temperature. 

The above process may be called one of “self neutralisation.” If it 
takes place according to an equation such as this, 3[La,0,,2S0,]+ 
La,0,,380,,3H,SO, + Aq = 4[La,0,,380,]+3H,0+ Aq, it is seen that 
some water is set free, but no account can be taken of its quantity in 
the final calculation of the atomic weight. However small this 
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unknown factor may be, it tends to make the atomic weight lower 
than the true number. 

It is seen from the above that the criterion proposed by Cleve and 
others for the test of normality of the sulphate obtained by synthesis 
does not hold good, for we are not entitled to reject the results of those 
experiments in which the sulphate does not dissolve in water at once 
but only after some time. 


First Series of Determinations. 


The following Table II contains the results of the preliminary series 
of syntheses of lanthanum sulphate. The oxide, as well as the sulphate, 
was weighed after standing for half-an-hour over phosphoric oxide. The 
weights were carefully corrected, the method of weighing was that by 
vibrations, the weights are given in air. The standards used are 
O=16 and S= 32°06. 


TaBLE I].—Syntheses of Lanthanum Sulphate. First Series 


(Preliminary). 
l 
No. | La,0; ; 
La,O, | Sulphate : 80, Atomic 
‘ a: Pe of gram (in | ** crude” — corrected rad a weight 
xP en a, | grams. — gram. La. 
ment sulphate. 
| 
ees | 
Lal 0°93205 | 1°6198 nil 0°68775 | 57°541 138°75 


2 
3 Lal | 08416 | 1-46366 | -0-00182 | 0-62074 | 57-552 | 188-82 
4 Lal | 0-85993! 149518 | —0-00078 | 0°63447 | 57°548 | 138°77 
5 La2 | 0°7847 | 1°3685 nil | 0°5788 | 57°550 | 188-81 
6 La2 | 0°80645| 1°40145| nil | 05950 | 57°544 | 188-77 
7 La3 | 1:0760 | 1°8707 | —0°00157| 0°79313 | 57°567 | 138-92 
8 La4 | 10683 | 1:51479| nil | 07873 | 57°572 | 188-96 
9 La | 0°8721 | 1:5160 | -0-00151| 0-64239 | 57-584 | 139-03 


10 La 6 0°9755 1°6948 | —0°00099 | 0°71831 | 57°592 139 °09 
11 La 6 0°9188 1°5955 nil 0°6767 57°587 139°05 
12 La 7 0°9507 1°65212 | —0°00172 | 0°6997 57°604 139°17 
13 La 7 0°9677 1°68194 | —0°00132 | 0°71292 | 57°580 139°01 


14 A5+6 | 0°8570 1°4880 | —0°00064 | 0°63036 | 57°619 139°27 


In passing in review the atomic numbers obtained from the different 
fractions of lanthanum, they are seen to rise slowly from 138°78, cor- 
responding with the most basic fraction Lal, to 139-08 corresponding 
with the least basic fraction La7, after which follows the less pure frac- 
tion A5+6, with a still higher atomic number 139°27. From this we 
might be entitled to conclude that the purest lanthanum material, which 
we have decomposed into eight different fractions, is not homo- 
geneous. The difference between the highest and lowest number, 
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139°08 — 138-78 =0°3, is not very considerable, but it must be said here 
that after resuming the work with increased refinements, two new 
sources of error were discovered which were removed by using a special 
arrangement for weighing. 


New Fractionation. 


In order to answer the question as to the homogeneity of our 
lanthanum, new methods were used for its fractionation : 

A. The purest lanthanum ammonium nitrate was purified by a series 
of recrystallisations and the atomic number was determined. 

Experiment 15.—0°8262 gram La,O, yielded 1:4353 gram of the 
“neutral” sulphate, SO,=0°6091 gram, La,O,=57:563 per cent., 
whence La=138'89. This number corresponds to the mean of the 
above series : 

B. The second method of fractionation consisted in digesting 
lanthanum oxide with a concentrated solution of ammonium nitrate 
at about 80°. The more basic portion of lanthanum may be expected 
to pass into solution, and the less basic portion to remain un- 
dissolved. We made use of the circumstance that the limit of this 
reversible reaction (which follows the law of mass action) is displaced in 
one direction as the temperature rises, whereas it is displaced in the 
contrary direction as the temperature falls, After repeating this 
process with the soluble portion (the reaction is reversed when ammonia 
is added) and with the insoluble portion very many times, the most 
basic fraction Laa, and the least basic fraction LaB were obtained. 
After purification from silica, &c., in the manner indicated above (see 
page 1248), the hydroxide, oxalate, and oxide were prepared in turn, and 
the oxide was used for the atomic weight determination (weights in 
air are given) : 


Per cent. : 
SO : Atomic 
corrected La,O; in weight 


gram. | sulphate. Ia. 


of | No. of | La,0, | S™PhAts | Correction 
experi- | fraction.| gram. ‘ gram. 


16 Laa | 095652] 1:66231 | —0-00098| 0-70481 | 57°576 | 138-98 
7 { most }0-45780 0-79580 | -0-00015 | 0:38785 | 57-588 | 138°78 


positive 
18 Lag 1°34754 | 2°34635 | -0°00561 | 0°99320 | 57°569 | 138°93 
most F . ° , . ’ 
19 { negative }i 17280 | 2°03961 | -0°00157 | 0°8@524 | 57°545 | 138°79 


These results are opposed to those previously found. Lanthana 
separated from other cerite earths could not be split up into different 
fractions possessing a different atomic weight, 
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The above was the state of the experimental work when Mr. 
Pavlitek, in July, 1900, was obliged to leave the laboratory. With the 
intention of solving the question as to the real atomic weight of 
lanthanum with all possible accuracy, I uhdertook a further series of 
experiments which form a revision of the first part of this paper. 


Second Series of Determinations. 


It had now become obvious that the “sulphate method” of deter- 
mining atomic weights is full of hidden small sources of error which 
were almost entirely overlooked by the earlier workers in the large 
series of determinations quoted in Table I, and were discovered and 
avoided in this work only by degrees and not without difficulty and 
the sacrifice of much time. It must be remarked that the chemical 
method used in this part of the work was essentially the same as that 
described in the former part of this paper. The essential difference 
consisted in the manner in which the errors due to the hygroscopic 
nature of the material were avoided. 

The anhydrous sulphates of the rare earths are so extremely hygro- 
scopic that it is impossible to weigh them in a really anhydrous 
state by using ordinary desiccators containing phosphoric oxide (Nilson) 
or to weigh them in closed weighing vessels made of light glass (Bunsen), 
as was done in the first part of this work. It was necessary to avoid 
the absorption of any trace of moisture during the process of cooling 
and weighing, and this was achieved by enclosing the crucible con- 
taining the still hot sulphate in a vessel containing completely dry air 
so that it could not come into contact with moist-air until the weighing 
was finished. 

T succeeded in doing this by constructing a desiccator shown in the 
figures, 1, 2, and 3 (p. 1256). 

On the bottom of the desiccator (b, Fig. 1), a thick layer of phos- 
phoric oxide is placed, and in it stands a tripod made of thick copper 
wire. Into this tripod is placed loosely a light weighing glass provided 
with a perfectly ground conical stopper. The cover of the desiccator 
(a) has in its centre a neck closed by a perforated rubber stopper 
(c) carrying a small drying-tube filled with anhydrous calcium chloride 
and provided with two stopcocks (d) and (d,). At a distance half 
way between the centre and the edge of the upper part of the cover (a), 
a round hole of about 8 mm. diameter is bored, and in this is 
fastened by means of rubber-solution a piece of thick-walled rubber 
tube (¢) through which a glass fork (/) may be pushed and- moved in 
both directions in a layer of ‘“‘ unguentum simplex.” This fork serves 
to open, raise, and close the stopper of the weighing glass while the 
desiccator remains closed. The fork (Fig. 3) possesses two horizontal 
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transverse furrows (9 g,) into which the handle of the glass stopper 
exactly fits. By pushing the fork downwards so that its teeth pass 
the handle of the stopper, and then turning the cover of the desiccator 
through 90°, the handle of the stopper falls into the furrows and rests 
upon them. The stopper is then easily raised and its point pressed 
against the rubber stopper (c) ; it rests firmly, so that the cover of the 
desiccator containing it may be taken off and even inclined without 
the stopper falling out. On the bottom of the weighing glass is placed 
a round table made of platinum sheet and provided with three legs. 


Fie. 1. Fia. 2. Fic. 3. 
F 


IJ1 


When the platinum crucible with the hygroscopic substance (for 
example, La,O,) has been heated to a yellow heat, the desiccator is pre- 
pared as seen in Fig. 2, the lid taken off, and the still red-hot crucible 
placed on the platinum table (A) in the weighing glass, which prevents 
the glass from coming into direct contact with the red-hot crucible. The 
cover (a), which was taken off only for a few seconds, is replaced, the 
expanding hot air leaves the desiccator through the drying-tube (d d,), 
and, on cooling, dry air passes in through the same way, so that the 
atmosphere of the desiccator is in equilibrium with the outer atmo- 
sphere. Then the stopper is pushed into the weighing glass so as to 
almost close it, which is done completely after a quarter of an hour, 
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when all has cooled down. After this, the cover of the desiccator is 
turned back through 90°. The substance enclosed inside the weighing 
glass cannot attract’ moisture from anywhere. The surface of the 
phosphoric oxide inside the desiccator must be renewed very often and 
fresh oxide added. 

The crucible was weighed regularly half-an-hour after being placed 
in the desiccator, and a weighing glass of the same size as that 
just described containing a similar platinum crucible treated in the 
same way was used as a tare on the right hand pan of the balance, 
both weighing flasks having nearly the same weight and displacing 
nearly the same volume of air, so that their coefficient of surface 
condensation was equal in both cases. 

The weighings were made on a very fine and sensitive balance 
made by Rueprecht, and reconstructed for this kind of work by 
Nemetz, of Vienna. The balance was guarded on all sides against 
the influence of radiant heat, and as fractions of a gram could be 
placed on the balance without the case being opened, the change of the 
“zero-point ” or of the “‘ state of the balance” (Mendeléeff) was only 
very small, The “zero-point” was not taken with the empty balance 
but with carefully adjusted 50 gram weights on each pan, this being 
very nearly equal to the weight of the weighing glass plus crucible. 
The method of vibrations was used, and the weights employed were 
most carefully calibrated, so that the errors due to weighing alone 
hardly exceed + 0°00002 gram. This physical error is quite insignifi- 
cant compared with the much greater error due to the inexactnesss of 
our chemical methods. 

When by using the desiccator just described the attraction of 
moisture by the enormously hygroscopic lanthanum sulphate was 
reduced to a minimum, higher numbers were obtained for the atomic 
weight than in the first series, This is seen by comparing the results 
of experiments 17 and 19 obtained by Mr. Pavl{éek by the old method 
of weighing, giving La=138°73 and 138-79, with experiments 16 
and 18 made by me, which yielded La = 138°98 and 138-93. 

The results of this second series of syntheses are seen in Table III 
(p. 1258), and they require some explanation, 

In order to be able to compare the data obtained in the different 
phases of the single experiments with those obtained by other chemists, 
the weight obtained by weighing in air are given in Table III, from 
which the “apparent” and “true” atomic weights are calculated. 

For the final determinations of the atomic weight of lanthanum, 
the reduction to a vacwwm was calculated by using the following data. 
Density of La,O,=6°48, that of air in our laboratory d=1°18 
(1 litre=1-18 grams), one gram La,O, displaces 0°182 mg. of air or 
one gram in air weighs in a vacuum 1°000182 grams. Density of 
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TaBieE IIT.— Syntheses of Lanthanum Sulphate. Second Series (Weights 


in Air). 
Ha3/S | Sul- | At. 
e . wt. of La. 
s : é = Laz; phate | SO, | Correc- SOs La,0, 
os o.3/ gram. | crude, crude, | _ tion, ssateil Temp. per 
5 B.S grams. jgrams. | grams. | jams, cent, — True. 
I, . 510° 
20 | Lall amp 9583410°83301| — — | Piay | — [13828] — 
1-95809|0-83276 — — |e 0 — hisses) — 
1-95733/0°83200; — — | Roa — hissas| — 
| — |0°83200)-0°00341/0°82859 — |57°5934) — (139-097 
| 
| 500° 
21 | Lal/1-70246'2-96305|1-26059 — — | fe | — fissaz7] — 
| 2°96227|1°25981| — ™ Bl | — (18829 — 
— |1-25981|-0-00619/1-25362, — 57-5919] — [189-087 
22 | Lal/1-02441/1-82295\0-7 hsb 
5lo-79862) — oe ei. 1300 | — 
1-78178|0-75737|  — — |, soo — |iss42} — 
1-7816810°75727| — — | or | — [rss | — 
1780011075560] — be omen — flisss0| — 
i ; : ““ 634—654°|-.. , 
1°77884|0°75443} nil (|0°75443 7 hha 57°5886| — |139°065 
28 | [a0|1-06543/1-85312\0-78769) — | — “ry — fiss4s| — 
l-so126lo-78572]  — Be ot daye — lisss2| — 
| 
— en ~0°00133.0°78449} —  |57°5953} — 1389°097 
| 
| ° 
24 | Lad shsesth haan vidal - |=-|% = — |is910} — 
1-7474210-74066,. — | — ret — 10-08 | = 
= lo-74066|+0-000560°741921 — |\57-5956, — 1199442 
25 | La7\1-06469 1 asso: 78381} — | — Tan — |139:195) — 
| ° 
1 rash 73351] — | — yt: — hsgig| — 
ve P 78351|+0°000280-78879| — 57-5980] — 1139128 
| 
26 | Lal sal 2 a07060- i | aoe ated — hisssi| — 
2234191094792] — | ie te — 
| — |0-94792|+0-00074/0-94718) — [57-5912] — [139-082 
| BNE OI", ic codecs cacecammenteersteacs 57°5931| La=|139°095 
| Probable error of the percentage ... +0°00076 
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La,(80,), = 3°545, one gram in air weighs in a vacuum 1°000333 grams. 
The vacwum numbers with all other corrections are given in Table IV. 


Taste 1V.—Final Determinations of the Atomic Weight of Lanthanum 
(Weights in Vacuo). 


| 
No. of Atomic 
No. of - | LagO, | La,(SO,), d La,0, : 
fraction. pay grams. grams, : | 80, grams. per cent. “— 

La0 23 1°06562 | 1°85054 | 0°78492 575842 | 139°036 
Lad 24 1°00694 1°74856 | 0°74162 67°5868 139°053 
Lal 20 1°12553 | 1°95457 |  0°82904 57°5845 | 139°038 
Lal 21 1°70276 2°95707 | 1°25431 575828 139026 
Lal 22 1°02460 1°77943 | 0°75483 575802 139°009 
La4 26 1°28650 2°23419 0°94769 57 °5823 139°024 
La7 25 1°06488 1°84910 0°78422 57°5891 139°068 
| ene 575843 | 189°036 

| Probable error} +£0°0007 


The atomic weight of lanthanum corrected to a vacuum is therefore 
La = 139-04. 

In all experiments recorded in Table III, the temperature to which 
the sulphate was heated was stated as nearly as possible. It was 
found that even at 560°, and when the heating was carried out in an 
atmosphere of ammonium carbonate, the acid sulphate could not be 
destroyed completely, and the “apparent” atomic weight of about 
138°4 was obtained; this is identical with that found by several 
investigators who overlooked the presence of the acid sulphate, If, 
however, a larger mass of the sulphate had to be heated, the inner 
part gave off this “ half-combined” sulphuric acid less easily than 
when the mass of the sulphate was smaller, so that, for example, with 
1:82 grams of the sulphate the value 138°42 (experiment 22) was ob- 
tained, whereas with 2°96 grams this had fallen to 138-29 (experiment 21). 

The attempt was made to heat the lanthanum sulphate to such a 
high temperature that some basic sulphate might be formed, in order 
to see whether the same atomic weight would be obtained when the 
titration was done from the basic side, instead of from the acid side as 
hitherto. For this purpose, the smaller crucible was heated inside a 
larger platinum crucible to a dark red heat. It was found that the 
sulphate assumes a visible dark red heat near the temperature at 
which pure potassium iodide melts, that is, 634°+3° (Carnelley), 
whereas a stronger red heat corresponded to the melting point of silver 
sulphate, that is, to 654° + 2°. 

When this mode of heating was used, a “ neutral sulphate” was 
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obtained only in experiment 22, and basic sulphates were obtained 
only in experiments 24 and 25. On titration with W/20 sulphuric 
acid until all basic salt had dissolved and the neutral point was 
reached, the same result was obtained as when the free acid was 
titrated with 1/30 sodium hydroxide, This agreement shows that the 
final residue of “ half-combined ” sulphuric acid is present in the form 
of the acid sulphate, and not of that of the pyrosulphate. 

It is also seen from the above experiments that normal lanthanum 
sulphate may be heated to a dark red heat without decomposing, for 
its slight decomposition begins only at about 650°+, and even near 
this temperature the decomposition of the acid sulphate is not com- 
plete. 

From Table IV, it is seen that the largest deviations from the mean 
atomic weight are +0°03 and — 0-03, and the probable error of the 
percentage of the oxide in the sulphate is +0-0007, so that the 
lanthanum material employed may be considered homogeneous. With 
regard to the circumstance that the oxide obtained from fraction La7 
was slightly buff-coloured, as compared with the white oxide obtained 
from the most basic fractions La0, Lal, La2, La3, and La4, the possi- 
bility that the fraction La7 contains a trace of an impurity which also 
very slightly raises its atomic weight, is not excluded, but even if this 
experiment 25 and the too low result of experiment 22 be omitted, 
the mean atomic weight La=139-04 would remain unchanged. On 
the contrary, the lower fractions may be regarded as containing the 
real pure lanthanum. 

This question was tested with a more negative and less intensely 
purified fraction A5 +6. 

Experiment 27.—0°90238 gram La,O, gave, after heating the sul- 
phate for 2 days at 634°+, crude sulphate = 1'56694 gram (apparent 
atomic weight =139-07). The sulphate was acid, and the correction 
— 000056 gram, therefore SO,=0°66400 gram. La,O, in the sulphate 
=57°609 per cent., from which La = 139°20 (in air). 

This result agrees with that obtained in experiment 14 of the first 
series, and shows that the assumption of the presence of an earth with 
a higher atomic weight in the less basic fractions of our lanthanum 
material beginning even with La7 is not wholly unfounded. 

The present series of experiments, however, did not confirm the 
slight variation of the atomic weight obtained from the lower frac- 
tions in the first series of experiments. The lower numbers obtained in 
that series, especially with the fractions Lal and La2, and the circum- 
stance that the discrepancies between the first and second series 
gradually diminish was found only after a long time to be due to 
the following reasons : 

(1) The highly hygroscopic nature of the salt. The water vapour 
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which was attracted by the salt from an atmosphere of ammonium 
carbonate is given off again by the salt only after being heated for 
many hours at above 600°. If we stop this heating too early, the 
weight of the sulphate will be found greater, and the atomic weight 
smaller, than the truth. The same error is caused if the anhydrous 
sulphate is left in an ordinary desiccator, especially if it does not con- 
tain fresh phosphoric oxide and if no precautions are taken to avoid 
the attraction of moisture during the weighing of the salt. These 
two sources of error were eliminated only during the second part of 
the research by using the special form of desiccator. 

(2) The titration of the acid sulphate in the presence of ethyl- 
orange is not only an acidimetric, but also a colorimetric method, which 
requires a well-lighted laboratory and good practice. Both were want- 
ing during the first stage of our work. The use of this method 
undoubtedly lowers the standard of exactness of our work, for 
whereas the weight of the sulphate can be determined to +0°00002 
gram, the acidimetric-colorimetric method hardly allows an exactness 
equivalent to + 0°00005 gram of sulphuric acid to be reached. 

It is an interesting psychological fact that with increasing practice 
the sum of the errors due to the above sources gradually diminished, 
so that the results obtained during the latter part of the first series 
are quite free from them. This is especially the case with experi- 
ments 9, 10, 11, 12, and 13, which give a mean atomic weight almost 
identical with that obtained in experiments 20—26, but they are not 
included in the final calculation, as they would raise the value of the 
probable error of the mean from +0°00073 to +0°0012, and lower 
the “weight” of our atomic number. But the direction in which the 
errors of the first series diminish may be regarded as a proof that our 
present number, La = 139-04, lies near the truth. 


Second Method of Atomic Weight Determination. Analyses of Lanthanum 
Sulphate, New Hydrate of Lanthanum Sulphate. 


Conversion of the anhydrous sulphate into the oxide by calcination 
was the method used by Marignac, in 1873, who obtained in this way 
La =138'81 (see Table I), and the same method was used later on 
with scandium, thorium, and cerium (Nilson, Kriiss, Brauner). 

The residues from the above two series of experiments were purified 
from alkali, &c., in the manner already indicated, and the anhydrous 
sulphate of lanthanum was prepared. It was dissolved in 5—6 parts 
of ice-cold water in a platinum dish plunged in ice, but instead of 
crystallisation being effected by heating to 35—40° (Mosander, 
Bunsen), the ice-cold solution was stirred until the hydrated salt had 


separated out, after which it was allowed to assume the ordinary 
temperature. 


aoe 
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The salt was collected by suction on a perforated platinum plate, 
washed well with cold water, and dehydrated at 500—600°. By re- 
peating this process of recrystallisation ten times, the fractions Pl to 
P10 were obtained from the original sulphate P. 

During these experiments, in which I was aided by Mr. Picek, we 
observed that the proportion of the sulphate remaining in the filtrates 
was not always the same, and, similarly, the character of the sulphate 
was different. The sulphates, P4, P6, P7, and P10, consisted of fine 
needles, others formed distinct, prismatic crystals resembling the 
enneahydrate. 

The salt P4 was especially characteristic as forming flocks like 
alumina, consisting, however, of the finest needles. It separated out 
at O—1°; it was quickly collected on the pump, pressed between 
smooth paper, and the dry powder immediately weighed in a closed 
platinum crucible. 

Experiment 28.—1:93822 grams of the salt P4 gave, on drying at 
500°, a residue of 128710 grams, and on further drying for 8 hours 
at 550°+, of 1:28663 grams of the anhydrous salt, from which it is 
seen that lanthanum sulphate parts only with great difficulty with 
the last traces of its water of crystallisation. The loss of weight, 
which in this case can only be due to loss of water, was 0°65159 gram, 
or 33°618 per cent., which is equivalent to 15-92 mols. 

The remaining 1:28663 grams of the anhydrous sulphate were very 
gradually heated to a yellow heat, and yielded 0°74122 gram of 
La,O, =57°6103 per cent. From this, La= 139-207. 

In order to ascertain whether the weight of the oxide remained 
constant, the product was heated again for 1 hour over the blow-pipe. 
Its weight became 0°74153 gram, that is, it became heavier by 0:0003 
gram. On further heating, the weight decreased to the minimum of 
0°74123 gram (compare experiment 29). 

It is evident from the above that the hydrated salt analysed is a 
new hydrate of lanthanum sulphate, the hekkaidekahydrate : 


Calculated. 
ye A “ Found. 
La,0, = 32617" 38°17 38-24 
380, = 24018 28°10 28°14 
16H,O = 288°24 33°73 , 33°62 
85459 100°00 : 100°00 


Muthmann and Rélig (Ber., 1893, 31, 1723) say that the ennea- 
hydrate (+9H,O) is formed at all temperatures, and that they 
endeavoured in vain to obtain another hydrate, so that the existence 


* The atomic weight ‘‘in air” is used here. 


<6  — <_< * 
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of the new hydrate is not devoid of interest. (The hexahydrate 
_ erystallises only from an acid solution.) 

Mr. Picek tried to determine the solubility of the hekkaideka- 
hydrate and its transition temperature into the enneahydrate, but we 
only learned that the system, hekkaidehydrate+ water, is a very 
labile one, even at a temperature near 0°. 

For a second experiment, the salt P10 was used. It undoubtedly 
originally consisted chiefly of the hekkaidekahydrate; it was well 
drained on the pump and kept ina covered platinum dish. Next day 
it was found to be very moist and converted completely into the ennea- 
hydrate. 

Experiment 29.—1'96466 grams of the air-dried salt gave 1°51969 
grams after heating for 10 hours at 530°, and, after further drying for 
63} hours at 600°+, 1:51947 grams, showing that the last 000022 gram 
of water was retained very strongly. The loss of weight, 0°44519 
gram, amounts to 22°66 per cent., the calculated amount for 9H,O 
being 22°26 per cent, 

On raising the temperature gradually to the highest yellow heat 
obtainable with the blow-pipe, this salt was found to lose its sulphuric 
acid with great difficulty, and all attempts to obtain an oxide of a 
constant weight were fruitless : 


Weight of residue Apparent atomic 


Time of heating. 


| } 
. | in grams. | weight of La. 
GL SE | 3 
4 day over the blow-pipe .. ........... 0 95751 180°6 
4 day a A Saree 0°87937 | 140°9 
lday_ ,, ‘Sa OR 0°87521 139192 
84 hours ,, ER ae eee: 0°87649 139°70 
10 minutes at yellow heat............... 0°87586 139°43 
2 hours over the blow-pipe ............ 0°87645 139°68 
} hour at almost white heat ... ........ 0°87571 13936 


In the last instance, the temperature was so high that the two 
crucibles were nearly soldered together. 

It is seen from experiments 28 and 29 that the above simple method, 
which gives excellent results with such weak bases as CeO, and ThO,, 
cannot be used with the strong base La,O,. But even when the 
minimum weight was reached by a chance, the oxide was heavier by 
0:00012 gram than required by theory. T. W. Richards has found 
that oxides obtained from the sulphates “ occlude ” a larger quantity 
of gases than those obtained by heating the oxalates. Lanthanum 
oxide obtained from the oxalaie is voluminous and almost white, that 
obtained from the sulphate is denser and greyish-buff in colour. 

The fact that after ten recrystallisations from its aqueous solution 
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the sulphate is perfectly normal and not even slightly basic, shows 
that the amount of its hydrolysis in a cold aqueous solution of the 
above concentration must be quite inappreciable. 

Experiment 30.—This shows that on heating lanthanum sulphate to 
the highest temperature obtainable with a Bunsen burner (without blast) 
it loses easily two-thirds of its SO,, and a new basic sulphate La,0,,S0,, 
stable at a higher temperature, is obtained. 

40867 grams of the anhydrous sulphate, obtained by synthesis from 
2°3535 grams of the oxide, yielded, when heated as above, a residue 
weighing 3°2044 grams, which when heated to a still higher tempera- 
ture decreased to 2°9146 grams of the basic sulphate. From this 
SO,=0°5611 gram, an amount approaching that required for 1S80,= 
05777 gram. An analogous phenomenon was observed by me in the 
case of praseodym sulphate.* 

The above two experiments show that the true atomic weight of 
lanthanum cannotlie higherthan 139-20 (in air) or 139°14 (in a vacuum), 
No indication of a “lanthanum” with the low atomic weight, 135, was 
found in our purest lanthanum material. 


Third Method of Atomic Weight Determination. 


In 1882, Stolba (Abhandl. Kénigl. Bihm. Ges. Wissensch.) proposed 
a new method for the determination of the atomic weight of lanthanum 
and other rare earth elements (Ce, Di). In one part of the dry oxalate 
the percentage of R,O, (or CeO.) is determined by calcination, and in 
another that of C,0,, with permanganate in sulphuric acid solution.T 
This method was described for a second time as new by W. Gibbs 
in 1893 (Proc. Amer. Acad., 28, 260). Lanthanum material was 
purified by Shapleigh by the Mendeléeff-Auer method, and the oxalate 
washed with a large quantity of hot water. The oxalates were dried 
on a water-bath and then thoroughly mixed. The mean atomic weight 
of lanthanum found by this method by Gibbs was La=139°70. Gibbs 
states that Dr, Shapleigh found, with the same material by the sulphate 
method, La=139°71. 

Stolba’s method was used by me with very good results for the 
determination of the atomic weights of cerium, thorium, and praseodym, 
and I thought, therefore, that it might serve as a method of control in 
the case of lanthanum. But it was necessary to consider the question 
whether the lanthanum material used by Gibbs really contained an 

* This fact was communicated to the Chemical Society on February 24, 1902. 
Later on (Compi. rend., 1902, 184, 657), basic sulphates of Pr and Nd of the same 
formula R,O3,S0, were described by Matignon. My discovery was made indepen- 
dently of that author. 


+ In this paper, Stolba finds for the first time that lanthanum oxide may be deter- 
mined alkalimetrically with a good result. 
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earth with a much higher atomic weight, or whether the composition 
of his oxalate was abnormal. 

The fractions La0Q—La7 into which our purest lanthanum material had 
been divided were thrown down as oxalates by adding an excess of pure 
oxalic acid to a hot dilute solution of lanthanum nitrate. After pour- 
ing off the supernatant liquid, the precipitate was digested with oxalic 
acid solution. A perforated, round, platinum plate, 2 cm. in diameter, 
covered with a slightly larger piece of smooth, round filter paper, was 
used for collecting the oxalate on the pump. It was washed, first with 
dilute oxalic acid solution, then with cold, tepid, or hot water, which 
mode of washing has an influence on the composition of the precipitate, 
as will be noticed further on, and finally with pure alcohol rectified in 
the presence of tartaric acid. 

Oxalates prepared in this way may be obtained perfectly air dry and 
homogeneous after standing for a few hours in the open air (covered 
with paper), an important circumstance when different portions are to 
be weighed out for different determinations. These conditions are not 
fulfilled when the oxalates are dried on the water-bath as recommended 
by Gibbs, _ 

In converting the oxalate into the oxide, it must be heated very 
gently and gradually, beginning from the lid in order to avoid a loss 
of the fine powder which is easily carried away with the escaping 
gases. It appears, however, that it is sometimes difficult to obtain a 
perfectly pure oxide as soon as its quantity exceeds 1 gram and the 
“personal error” due to two different observers may not be without 
influence on the slight deviations in the percentage of oxide from the 
same oxalate. 

For the determination of the oxalic radicle, C,O,, the oxalate was 
heated in an Erlenmeyer flask with 50 c.c. of 12 per cent. sul- 
phuric acid and titrated with permanganate, with special precautions 
into which I cannot enter here. The permanganate was standardised 
many times with ammonium oxalate under exactly the same condi- 
tions. The salt was repeatedly recrystallised from hot water, finally 
in the presence of free ammonia, in order to prevent the formation of 
the acid salt, The results are given in Table V (p. 1266). 

The differences between the atomic numbers obtained are very con- 
siderable, being equal to a maximum of 1°25, and yet after excluding 
the abnormal results obtained with fraction La4 a mean value La= 
139-07, is found, identical with the true atomic weight of lanthanum. 

The differences are due to the different composition of the individual 
oxalates, and this depends on the temperature of the water used for 
washing them. With an increase in the temperature of the water, 
the quantity of the water of crystallisation of the oxalates is found 
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Taste V.—Analyses of Lanthanum Oxalate. 


Ratio 


(d) 1713639; — — |0-86094| s1-762 | — 


! 
' 


82 ‘a Lanthanum Atomic 
° 
Sg $s oxalate La,0, La,0; C03 C05 = - weight * 
Eles ramen, grams. | percent.| gram. | percent.| calcula- ce 
%B| 4 8 tion. 
31 LaO | (a) 2°27247 | 1:06543 | 46°884 —_— —_ aic 139°12 
(b) 2°14773 | 1°00676 | 46°876 — — b:e | 139°09 
(c) 0°67462 — _ 0°20941 | 31°041 _— a 
32 Lal | (a) 2°0854 | 0°93205 | 44°722 — — a:f 138°77 
(6) 1°8823 | 0°8416 | 44°711 _ _ b:f 138°74 
(c) 1°92285 | 0°85998 | 44-694 _ _ e:f | 188°67 
(d) 2°51648 | 1°12533 | 44°719 —_— _ a:f 138°76 
(e) 3°80470 | 1°70246 | 44°746 —- _ e:f | 138°86 
(f)1-60083| — — | 0-47097| 29°673 | — — 
83 | La2 | (a) 1°7485 | 0°7847 | 44°879 — — a:e | 138°90 
(6) 1°7983 | 0°80645 | 44°845 _— _ bie 138°77 
(c) 1°30665 — — 0°38879 | 29°755 _ _ 
34 | Lad | (a) 2°2325 | 1°0760 | 48°197 — —_ a:b | 139°07 
(b) 1°14021 _ — 0°36395 | 31°920 -- —_ 
35 | [La4] |[(a) 2°1266] |[1-0683] |[50°235]} — a a:e |[188°94] 
[(b) 2°56509]|[1°28627]| [50°145) = _ a:d |(138°70] 
[(c) 1°24241]} — —  |[0°41368]|/[83°297]| d:c |[188°65] 
{(@) 1°08010]} — —  |(0°36017]/ [83°346]} b:d | [138°41] 
86 | Lad | (a) 1°9488 | 0°8721 | 44°751 — — a:b | 138°79 
(b) 0°89926 _ — 0°26698 | 29°689 _— _ 
37 La6 | (a)2°0880 | 0°9755 | 46°719 a -- a:c | 139°38 
(b) 1°9684 | 09188 | 46°678 _ _ b:e | 189°24 
(c) 1°41521 -- — 0°43706 | 30°883 — — 
38 | La7 | (a)1°9753 | 0°9507 | 48-129 _ — a:d | 139°65 
(b) 2°0111 | 0°9677 | 48°118 _ _ b:d | 139°61 
(c) 2°21199 | 1°06469.| 48°138 ott e:d | 189°66 


Mean atomic weight after rejecting the results of experiment 35 (La4), 139-07. 


* When O=16, C=12°00, and N=14°04. 


(p. 1267). 


probably formed by the hydrolysis of an oxalonitrate. 


to diminish and the atomic number to rise, as is seen from Table VI 


The abnormal composition of the oxalate is most prominent in 
fraction La7, which yielded the atomic number La=139°66. The 
oxalate was washed with hot water, and formed a heavy, crystalline 
powder. It must have consisted partly of a basic oxalate, which was 
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Taste VI.—Showing the Percentage Composition of the different 
Fractions of Lanthanum Oxalate, ke. 


Fraction. Lal. | LaS. | Lad. | Laé. | Lad. | La7. | La3. | [Lad]. 


La,0, per cont. ...| 44°72 | 44°75 | 44°86 | 46-70 | 46-88 | 48-18 | 48-20 | [50°19] 


C,0s per cent. .....| 29°67 | 29°69 | 29°76 | 30°88 | 31°04 | 31°76 | 81°92 | [83°32] 
H,O per cent....... 25°61 | 25°60 | 25°38 | 22°42 | 22°08 | 20°11 | 19°88 | [16°49] 
Mols. H,0 ......... 10°37 | 10°34 | 10°24 | 8°69 | 853 | 7°57 | 7°47 [5°95] 
La minimun ... .. 138°67 |138°79 |138°77 |139°24 |139°09 |189°61 |139°07 |[138°41] 
La maximum...... 188 °86 — |188°90 |139°38 |189-12 139°66 — |[188°94] 


As this number is identical with that obtained by Gibbs, namely, 
La= 139-7, from an oxalate which was prepared exactly in the same 
way, it is unnecessary to assume that this number represents the real 
atomic weight of lanthanum contained in the material used by him. 

On the other hand, the abnormally low results obtained in our 
series from the oxalates washed with cold water, namely, Lal, Lad, and 
La6, point to the presence of free oxalic acid in the oxalates used, 
undoubtedly due to absorption. 

A normal atomic number was obtained, probably by chance only, 
from the fractions La0 and La3. 

An examination of the same lanthanum material which, in Dr. 
Shapleigh’s hands, gave the abnormally high number La=139-7 by 
the sulphate method, and which was presented to me by him, has shown 
that this material is not quite free from foreign earths, especially 
from traces of the constituents of didymium, so that even this high 
number finds an explanation. 

It is seen from Table VI that pure precipitated lanthanum oxalate 
very probably contains 11 mols. of water, as stated by Wyrouboff 
(Bull. Soc. frang. Min., 1895, 24, 110), who also prepared an oxalate 
with 3H,0. 

I obtained (Trans., 1898, '73, 974) by crystallisation from dilute 
sulphuric acid an oxalate with 7H,O, but the existence of a salt with 
9H,O as found by Czudnowicz and Cleve becomes improbable. It 
would seem that in fraction La4 an oxalate with 6H,O was present. 


Is Lanthanum a Mixture of Elements ? 


The results of the present investigation enable me to answer this 
question as follows : 

(1) Lanthanum material purified (a) by fractional crystallisation and 
recrystallisation of its soluble salt with ammonium nitrate (Mendeléeff- 
Auer), (0) by fractional fusion with potassium and sodium nitrates at 

4°P 2 
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450—500° (Debray-Schiitzenberger), and (c) split up into eight dif- 
ferent fractions by partial precipitation with potassium hydroxide, 
contains only one element, the true lanthanum with the atomic weight 
La=139°04 ina vacuum. The least basic fractions (especially La7) 
may contain a slight admixture of an element with a higher atomic 
weight which gives to the oxide a very pale buff tint, but this very 
small quantity has scarcely any influence on the atomic weight. 

(2) An element with the atomic weight 135, which was presumably 
found by some chemists, lastly by Schiitzenberger in 1895 in some 
fractions of lanthanum, is not contained in the pure lanthanum or in 
any of its side fractions, and it must be definitely stated that this 
low number could only be obtained from fractions which contained 
yttria, as shown by my chemical and optical experiments. 

(3) With regard to the fact that the least basic fractions, obtained 
from our lanthanum material by the second method of fractionation, 
yielded by the correctly applied sulphate method the numbers 
R™ = 139°27 (experiment 14) and 139-20 (experiment 27), whilst the 
solution of this earth was perfectly free from any earth possessing an 
absorption spectrum, the conclusion may be drawn that in these 
fractions a small quantity of an element with a higher atomic 
weight than that of lanthanum is present. 

This fact stands in the closest relation with that discovered by me 
twenty years ago (Monatsh., 1882, 3, 486), that on fractionating the 
mixture of lanthanum and old didymium with ammonia, intermediate 
fractions, less basic than lanthanum, are obtained containing an 
element with a higher atomic weight than that of lanthanum. The 
numbers obtained from these fractions were R™=140°19 and the 
maximum R™=140°63. In the spark spectrum, new lines not belong- 
ing to lanthanum were observed. 

“These experiments were given up at that time for this reason: 
Cleve (Bull. Soc. Chim., 1883, 39, 289) declared with the whole weight 
of his authority that between lanthanum and didymium no third 
element is contained. In this conclusion he was evidently wrong, and 
the question requires a new and thorough investigation. 


Critical Remarks. 


On casting a glance at the atomic weight determinations collected 
in Table I in the introduction, the following explanation of the dis- 
crepancies may be offered. 

(i) The determinations by Rammelsberg and Marignac (1), (2), and 
(3), and Holzmann (1) are founded on the precipitation of barium 
sulphate, which carries down a considerable quantity of lanthanum 
sulphate. 
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(ii) Holzmann’s determinations (2) and (3) are made from somewhat 
complicated salts. 

(iii) As regards the determinations of Czudnowicz and Erk (2), 
see (i). 

(iv) Hermann’s determinations (1), (2), and (3) are very near the 
truth but a little high, probably because his lanthanum was not 
freed from its higher companion. 

(v) The numbers of Zschiesche, Erk (1), and Erk (2) are too low, 
very probably owing to the presence of yttria. 

(vi). Marignac’s number (4) is too low owing to the very hygro- 
scopic nature of the anhydrous sulphate and incomplete expulsion 
of water from the anhydrous salt. 

(vii). Cleve’s number (1) is identical with that obtained by us from 
the fraction A5 +6, see also (iv). 

(viii). The numbers obtained by Gibbs and Shapleigh have been 
explained in an earlier section of this paper (p. 1267). 

(ix). The low numbers obtained by Brauner (1) and (2), Cleve (2) 
Bauer, Bettendorff, and probably by Schiitzenberger and Muthmann 
(although the last two chemists give no details about their work) 
are due to the formation of some acid sulphate and to the very 
hygroscopic nature of the anhydrous sulphate. 

Having shown that the majority of the determinations of the 
atomic weight of lanthanum hitherto made are inexact, either 
because the material used was not quite pure or homogeneous, or 
because the method used for the determination was not free from 
error, the following important question arises : 

Are we entitled to use the whole series of determinations 
hitherto made for the final calculation, or may we not regard the 
number resulting from the present minute and detailed work, 
namely, La=139°04 as lying near the true atomic weight of 
lanthanum, awaiting, of course, its confirmation by other methods? 

In conclusion, I may say that, having extended the research to 
other rare earths and their sulphates, I find this: Ali atomic weight 
determinations of the rare earth elements made by the synthetical sul- 
phate method during the nineteenth century are vitiated by an error 
which tends to lower the atomic weight and diminishes as the basicity 
of the earth decreases. 

If the atomic weight of lanthanum is La=139-04, it is highly 
improbable that cerium would possess the same atomic weight, Ce = 139, 
as assumed by Clarke from the result of the work of Wyrouboff and 
Verneuil, who obtained for a “ bivalent”’ cerium the value Ce=92°7. 
This assumption has been proved to be correct by work specially done 
in our laboratory. 


1270 BURKARD AND TRAVERS: THE ACTION OF 


CXXVIII.—The Action of Acetylene on the Acetates of 
Mercury. 
By Emu Burxarp, Ph.D., and Morris W. Travers, D.Sc. 


‘In the year 1892, the late Dr. R. T. Plimpton published a short 
account of some compounds which he had obtained by the action of 
acetylene on mercurous and mercuric acetates in presence of water 
(Proc., 8, 109). By treating mercurous acetate suspended in 
water with acetylene, he obtained a substance which resembled in its 
properties the well known acetylides of copper and silver, and the 
then unknown mercuric acetylide (Plimpton and Travers, Trans., 
1894, 64, 264). When treated with hydrochloric acid, it yielded 
acetylene, it detonated when heated, and with a solution of iodine, 
tetriodoethylene and di-iodoacetylene were formed. The compound 
was not analysed, and the paper contains no suggestion with regard 
to its formula. 

When acetylene was passed through a solution of mercuric acetate, 
Plimpton found that a substance of totally different character was 
formed. The compound to which he assigned the formula 3HgO,20,H, 
did not explode when heated, and when treated with acids it yielded 
the corresponding mercuric salt and aldehyde. 

We have taken up the subject at the point at which it was left in 
the year 1892. 


Action of Acetylene on Mercurous Acetate. 


Since mercurous acetate is insoluble in water, it is necessary to 
suspend the finely divided crystals in water and to shake the mixture 
freely while treating it with acetylene. The reaction takes place 
rapidly at first, but as the acetate becomes coated with a layer of the 
acetylide, the change proceeds more slowly and requires about 30 hours 
for completion. The reaction must be carried out in absence of 
daylight, which decomposes the mercurous acetate. The product is 
always grey in colour, even when the acetylene is perfectly free from 
sulphuretted hydrogen or phosphoretted hydrogen. The colour is 
probably due to the presence of a trace of free mercury in insufficient 
quantity to be of any importance. 

When the reaction is at an end, the mercury is completely precipi- 
tated, and by titrating the solution with alkali it is found to contain 
the whole of the acid originally present in the mercurous salt. The 
solution has always a strong odour of aldehyde produced by the 
hydrolysis of the acetylene ; this reaction will be discussed later. The 
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precipitate, after washing with water and alcohol and drying over 
sulphuric acid in a desiccator, appears to have a definite composition. 
The following are the results of analyses : 


(i) 0°3845 gave 0°4050 HgS. Hg=90°79. 

(ii) 02575 ,, 02705 HgS. Hg=90°55. 
(iii) 0°4287 ,, 04510 HgS. Hg=90°66. 

(i) 0°2855 ,, 0:0570 CO, and 0:0150 H,O, C=5°44;H,O=5:25. 
(ii) 03405 ,, 0°0715 CO, ,, 0°0180H,0. C=5'72; H,O=5°20. 


The combustion was extremely difficult to carry out. The substance 
was mixed with a large quantity of powdered copper oxide before it 
was introduced into the combustion tube, anda long spiral of silver 
foil was placed in the tube at the end nearest to the absorption 
apparatus. The silver absorbed the greater part of the mercury 
vapour, but traces always passed into the sulphuric acid tube, rendering 
the water determination of no value. If the determinations of the 
mercury and the carbon are correct, the quantity of water present, 
determined by difference, is 3°76 per cent. 

The percentage composition indicates that the compound has the 
formula C,Hg,,H,O: 


C,Hg, 20,Hg,,H,0. C,Hg,H,0. C,Hg,,2H,0. 


pe aa 94:33 92-50 90:50 86°95 
ee 5-66 558 5-43 5-22 
ees - 2-07 4:07 7-83 


The substance is then, as Plimpton suggested, closely allied to the 
acetylides of silver and copper, and to the mercuric acetylide discovered 
in 1894. It differs from these compounds in containing one mol. of 
water to one mol. of the acetylide, whereas the acetylides already 
known have the general formula 30,M",H,O, That the water in 
our compound is present either in combination with the mercury or 
as water of crystallisation is indicated by the fact that it yields 
mercurous iodide and tetriodoethylene when treated with a solution 
of iodine, and acetylene when treated with hydrochloric acid. The 
water cannot, however, be removed by heating, for at 100° the compound 
decomposes, losing, not only water, but carbon, and leaving a 
residue of indefinite composition. 


Action of Acetylene on a Solution of Mercuric Acetate. 


When acetylene is passed into a solution of mercuric acetate in 
absence of daylight, a white precipitate is immediately thrown down. 
The precipitate becomes grey in colour as the reaction proceeds, and 
the solution smells strongly of aldehyde, produced by the hydrolysis 
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of some of the acetylene in solution. After about two hours, the whole 
of the mercury is precipitated, the acetic acid remaining in the solu- 
tion. The precipitate is found to have a somewhat slimy character 
and is difficult to wash on the filter-paper. 

This compound, after drying for some days in a vacuum over sul- 
phuric acid, was analysed, with the following results : 


0°4155 gave 00940 CO,. C = 6:16. 
0:3100 ,, 0°0676 CO,. C = 5:98. 
02660 ,, 02703 HgS. Hg = 87°62. 
3C,Hg,2Hg0,2H,O requires C = 6°3 ; Hg=87°7 per cent. 


The compound is not explosive, but on heating strongly it decom- 
poses, leaving a residue of carbon; at 100°, it loses both water and 
carbon, leaving a residue of indefinite composition. With a solution 
of iodine, it yields only mercuric iodide and tetriodoethylene with a 
little di-iodoacetylene, hence it is probable that in this compound, 
as in the case of the compound derived from mercurous acetate, the 
water is not directly combined with the carbon. The compound may, in 
fact, be regarded asa basic acetylide of the formula 3C,Hg,2Hg(OH).,. 

That the compound yields aldehyde and little or no acetylene when 
heated with acids may be due to the fact that acetylene hydrolyses 
with great readiness to aldehyde in the presence of mercuric salts. 
In the case of mercuric acetylide, C,Hg (loc. cit.), and hydrochloric 
acid, a considerable quantity of aldehyde is formed, and as in the com- 
pound we have just described, mercury is present in greater propor- 
tion. More aldehyde is formed by the action of acids. The hydrolysis 
of acetylene to aldehyde has never been carefully studied. The sub- 
ject is well worth investigation, particularly with the view of 
determining whether vinyl alcohol is formed as a half-way product. 


UNIVERSITY COLLEGE, 
LonpDon. 


CXXIX.—The Preparation of Pure Chlorine and its 
Behaviour towards Hydrogen. 


By J. W. Mettor and Epwarp Joun RuvssELt. 


Ir is not yet known who first discovered the curious suspension of 
chemical action often noticed between carefully dried substances which, 
in ordinary circumstances, react with one another. So far back as 
1802, Mrs. Fulhame * pointed out that gold salts are not reduced either 


* Quoted in Thomson, A System of Chemistry, vol. ii, p. 454, 1802. 
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by hydrogen or by “ phosphorated ether” unless first moistened with 
water, and she suggested a theory to account for the influence of water 
in chemical reactions. Higgins,* in 1814, observed that “ dry muri- 
atic acid has no action on dry calcareous earth, while these sub- 
stances readily unite if moisture is present.” In 1837, Bonsdorff 
(Ann. Phys. Chem., 1837, 41, 293 ; 42, 325) demonstrated that atmo- 
spheric air freed from carbon dioxide and moisture does not tarnish 
clean surfaces of metallic potassium, arsenic, + bismuth, lead (com- 
mercial or pure), zinc, cadmium, iron, or copper; in 1838, Regnault 
(Ann. Chim. Phys., 1838, [ii], 60, 176) failed to induce dry olefiant 
gas to combine with chlorine in diffused daylight; E. A. Parnell 
(B.A. Reports, 1841, 51) drew attention to the important part played 
by water in chemical reactions and showed that whilst moist hydrogen 
sulphide acts vigorously on papers impregnated with salts of lead, 
mercury, and copper, there is no action if the hydrogen sulphide is 
well dried ; and Andrews, in 1842, stated in a foot-note to one of 
his papers (Zrans. Roy. Irish. Acad., 1842, 19, 398; or Scientific 
Memoirs, 1889, p. 90) that although moist chlorine combines energetic- 
ally with zinc, copper, and iron-filings, perfectly dry chlorine ‘has no 
action whatever at ordinary temperatures .... the same remarks 
may be applied to the behaviour of dry bromine in contact with dry 
metals.” Kolb (Compt. rend., 1867, 64, 861; see also Debray, ibid., 
1848, 26, 603) showed, in 1867, that dried oxides and hydroxides of 
calcium, barium, magnesium, sodium, and potassium do not increase in 
weight in an atmosphere of dry carbon dioxide. In 1869, came 
Wanklyn’s observations (Chem. News, 1869, 20, 271) that sodium and 
chlorine. do not unite ; this is sometimes said to be the earliest record 
of the influence of small quantities of water in promoting chemical 
action, although, as Dixon (Trans., 1896, 69,775) has pointed out, 
Wanklyn does not state whether moisture has any effect or not on the 
combination. Dubrunfaut (Compt. rend., 1871, '73, 1395) was under 
the impression that water assists the combustion of carbon, but his 
experiments were far from being conclusive, and he did not reply to 
Dumas’ statement (Compt. rend., 1872, '74, 13) that pure graphite 
burns completely in oxygen dried by sulphuric acid. In 1880, Dixon 
(B.A. Reports, 1880, 593) opened up the way for systematic research 
on this subject. Baker (Trans., 1894, 65, 611) has compiled a list of 
papers published between that date and 1894. 

We have made some experiments with the object of finding whether 
pure chlorine will combine with dry hydrogen. Armstrong, in his 


* Higgins’ Experiments and Observations on the Atomic Theory, 1814; we are in- 
debted to the kindness and courtesy of Mr. V. H. Veley for these two references. 

t Bonsdorff states that Bergmann had previously demonstrated that dry air had 
no action on metallic arsenic. 
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Presidential address to the British Association at Aberdeen in 1885, 
expressed the belief that there would be no action between the pure 
gases. Dixon and Harker (Manchester Memoirs, 1889, [iv], 3, 118; 
1890, [iv], 4, 1) found that the more carefully the mixed gases were 
dried, the greater the intensity of light required to cause detonation, 
but an electric spark always caused an explosion at once, no matter how 
carefully the gases were dried, and measurements of the rate of pro- 
pagation of the detonation wave showed that this rate was rather 
greater in dry gases thanin moist.* In other words, moisture retards 
rather than accelerates reaction under these conditions. Pringsheim 
(Ann. Phys. Chem., 1887, [iii], 32, 422) published an investigation on 
the union of hydrogen and chlorine, and showed that when heated the 
dried gases exploded a little later than the moist gases, but just as 
violently. He also found that the dry gases explode in sunlight with 
a feeble clicking sound. In 1894, Baker confirmed Dixon and Harker’s 
observation on the effect of light, and prepared a mixture which did 
not explode on exposure to sunlight, and of which only 75 per cent. 
combined in four days. 

In most of the investigations mentioned above, the mixture of gases 
was obtained by electrolysis of hydrochloric acid in aqueous solution, 
but one of us has shown (Mellor, Trans., 1901, 79, 225) that traces of 
oxygen are always present in the electrolytic gases, and, although it 
might be possible to remove this by subsequent treatment, we 
considered it safer to adopt a method for preparing the gases which 
would preclude the possibility of oxygen or a chlorine oxide being 
present. 


Preparation of Pure Chlorine. 


_ Shenstone has shown (Trans., 1897, '71, 471) that the most 
trustworthy method by which pure chlorine can be obtained is the 
electrolysis of fused silver chloride. In our first experiments, we closely 
followed Shenstone’s instructions, and in fact he kindly supplied us 
with a number of carbon electrodes; these were made from carbon 
filaments used for 250 c.p. incandescent lamps flashed on to stout 
platinum wires. Although we obtained a small quantity of pure 
chlorine in this way, we experienced two difficulties. In the first 
place, we were unable to obtain a supply of electrodes which worked as 
well as those Mr. Shenstone kindly gave us; those sent by the same 
makers were very apt to disintegrate under the conditions of our 
experiments and were altogether untrustworthy in protracted operations 
at high temperatures. In the second place, we found it very difficult 
to prevent contact between the silver chloride and the platinum wires. 


* The mean rate of explosion in dried mixtures of hydrogen and chlorine was 
1795 metres per sec. In moist mixtures, 1770 metres per sec. 
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Even a small quantity of silver chloride on the wire attacks it to such 
an extent as to ruin the experiment. 

We therefore adopted the following modification and find it to be 
a fairly easy and practical method for preparing large quantities of pure 
chlorine. 

The Silver Chloride—About 600 grams of purified silver chloride 
were fused in a basin and kept in that state for four or five hours to 
drive off all the water. After cooling, the horny mass was cut up into 
small pieces and placed in the electrolytic vessel. 

The electrolytic vessel was a V-shaped tube of the hardest Jena 
glass, 3 cm. in diameter. One arm is shown in section in Fig. 2 
(p. 1276) ; a side tube was sealed into each limb. 

The electrodes consisted of stout carbon rods, 30 cm. long and 5 mm. 
in diameter, specially prepared by Conradty of Nuremberg at a high 
temperature for the electrolysis of fused salts. The method by which 
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these were fixed into the electrolytic vessel will be readily understood 
on reference to Fig. 2. A piece of hard Jena glass tubing about 100 
cm. long and of just sufficient diameter to allow the carbon rods to 
pass through was sealed on to a short piece of tubing of about 1 cm. 
diameter ; a constriction was then made in each limb of the V-tube, 
leaving just sufficient space for the narrower part of the tubes just 
mentioned to pass freely in and out. 

The carbon rods were then passed through the inner tube, thick 
plaster of Paris was poured in and over that sodium silicate which was 
drawn in to the plaster of Paris by pumping out air from the other 
side. After a little time, mercury was also added to surround the 
projecting part of the electrode and allow electrical contact to be 
made. 

In Fig. 2, # represents the carbon rod, D the glass tube surround- 
ing it, C the plaster of Paris plug, B the layer of mercury into which 
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the rod Z projects, and A a layer of sodium silicate. When D is 
carefully chosen and the constriction sufficiently well made, the surface 
of plaster exposed to the interior of the vessel is extremely small. 

This joint is perfectly air-tight and is capable of retaining a vacuum 
for weeks. It has to be protected by asbestos paper from heat radi- 
ated from the flame or it tends to crack. In order to connect the 
hard Jena glass of the electrolytic vessel with the soft glass of the rest 
of the apparatus, we made similar joints at 6 (Fig. 1, p. 1275), one of 
which is also shown in section in Fig. 2. 
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Section of one limb of electrolytic vessel. 


The electrolysis being started in a vacuum, it is obviously 
necessary to connect each limb of the electrolytic vessel with the 
apparatus in order to keep the level of the molten silver chloride the 
same in both. The V-tube was then placed in a copper bath, packed 
with asbestos, and heated by means of two blow-pipes until the silver 
chloride had fused. An automatic Sprengel pump, working continu- 
ously for two days, exhausted the apparatus and removed the greater 
part of the moisture given off at this high temperature by the plaster of 
Paris and any gases that might be occluded in the electrodes. 

A current of 2°8 amperes (10 volts) was now passéd, and chlorine 
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was liberated in a fairly steady stream ; the current was sent some- 
times in one direction and sometimes in the other to sweep out com- 
pletely any trace of air or moisture from both limbs and electrodes. 
This was continued at intervals for two or three days; during the 
whole time the temperature was kept as high as was consistent with 
the safety of the vessel, and the pump remained working. 

A metre column of fragments of solid potash (e, Fig. 1) not being 
sufficient to protect the pump from chlorine, we devised the mercury 
wash-bottle shown at C. By adjusting the height of the reservoir d, 
the gas can be made either to pass over the surface or bubble through 
a column of mercury as may be required. A fairly clean surface can 
always be obtained. A jar of mercury was put round the junction 
of the rubber and the glass to prevent air leaking in. The mercury 
washer and the potash column effectually prevent any chlorine from 
reaching the pump. 

The silver tree has been a fertile source of trouble in preparing pure 
chlorine by the electrolysis of silver chloride. Our electrodes being 
very stout, we were able, without injuring the apparatus, to adopt 
drastic measures, which proved entirely successful in dealing with this 
trouble. When the ammeter showed that some irregularities were 
beginning inthe electrolytic cell, we raised the temperature almost to the 
softening point of the glass and cut out all the external resistance so as" 
to simultaneously increase the current. The increased current at the 
elevated temperature melted or shattered the silver tree, and electrolysis 
was discontinued for a short time until the former temperature was 
restored. When electrolysis started again, it was found to proceed 
quite normally. 

When it was thought that all foreign gases had been removed, the 
pump was shut off and the apparatus allowed to fill with chlorine. 
One of the test-tubes (Fig. 1) was sealed off and its point broken under 
mercury. Perfect absorption took place ; we could detect no trace of 
residual gas. Nevertheless, we exhausted the apparatus and filled 
again, repeating the operation four times in all. Each time, samples 
were taken and absorption of chlorine by the mercury was invariably 
complete. 

The pressure of chlorine in the apparatus during the last filling was 
determined by one of us momentarily opening the mercury gauge /, 
which had previously been exhausted with the rest of the apparatus 
but shut off during the evolution of chlorine, while the other read 
the depression produced. As the mercury was covered with a thin film 
of glycerine, a reading, probably correct to 1 or 2 mm., was obtained 
before appreciable absorption began. 

The Preparation of Pure Hydrogen.—Here we followed Scott’s 
directions (Phil. Trans., 1893, 184, 548) in which hydrogen was 
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prepared in the first instance by the action of steam on sodium, and 
subsequently absorbed by palladium to allow gaseous impurities to be 
removed by the pump. The apparatus (Fig. 3) having been exhausted, 
the water in A was gently heated, the steam in contact with the 
sodium in B generated hydrogen which passed through the phosphoric 
oxide contained in C and was absorbed by the palladium foil * in the 
tube D. The experimental vessels were, of course, shut off. D was 
surrounded by a bath of paraffin, which, during the preliminary 
exhaustion, was kept at a temperature of 180°. While hydrogen was 
being generated, the temperature was allowed to fall to that of the 
room ; the absorption was rapid between 120° and 80°. When D was 
cold, the flasks A and B were shut off and the pump kept working to 
exhaust the tube D and the experimental vessels. After exhaustion, 
D was heated until sufficient hydrogen was obtained to fill the apparatus 
to the same pressure as the chlorine. 
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The Experimental Vessels.— W e have adopted an old method of Professor 
Dixon’s for mixing the gases by the use of the double-bulb condensers 
employed with Soxhlet extractors. Out of a large number, those were 
selected which had approximately equal capacities for the inner 
and outer bulbs. After sealing platinum wires to the tube leading 
to the outer bulb in each condenser, they were connected in the manner 
shown in Fig. 1 and carefully cleaned by boiling with concentrated 
nitric acid, well washed in distilled water, and dried at a high tempera- 
ture in a current of dry, dust-free air. 

A quantity of phosphoric oxide, carefully purified by slow distillation 
in a current of oxygen over red-hot, spongy platinum, was introduced 
into each of the inner and outer bulbs. A small piece of glass rod 
with sharp edges was also placed in each inner bulb. The inner bulbs 


* We wish to thank Messrs. Johnson and Matthey for kindly lending us the 
palladium used in this research. 
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being all in communication with each other were filled with chlorine, 
the outer ones with hydrogen. The glass springs shown in the figure 
were used in order to prevent any danger of snapping through too 
great a rigidity. 

After the vessels had been filled with the gases, they were sealed off 
and left to dry in the dark for nine months. Immediately before an 
experiment, the bulbs were shaken in a dark place so as to break the 
inner one, and a sufficient length of time allowed to elapse to ensure 
complete diffusion. 


Behaviour of the Mixture of Chloride and Hydrogen. 


(1) Action of the Electric Spark.—A small spark at once caused a 
violent explosion, shattering the whole apparatus. The bulbs had 
been surrounded by a stout bell-jar so that the gases could be drawn 
over heated copper oxide to estimate the amount of hydrogen left 
over, but so little was found that we were forced to the conclusion 
that combination had been complete. 

(2) Action of Heat.—We found that mixtures of moist hydrogen 
and chlorine in similar bulbs explode in the neighbourhood of 260°. 
One of the bulbs was therefore heated rather above that temperature 
(270°) for some minutes, but no explosion took place. The bulb was 
allowed to cool and the gases pumped out and analysed. Very little 
combination could be detected, practically the whole of the hydrogen 
and chlorine were recovered in the free state. 

Another bulb was now heated for ten minutes to a higher tempera- 
ture, namely, 450°. Still no explosion occurred. Analysis showed 
that combination had taken place, but not completely ; about 80 per 
cent. of the mixture had combined. On examining the bulb, it was 
evident that the phosphoric oxide had fused, and some had volatilised. 
It is unfortunately necessary to scatter the phosphoric oxide over the 
whole of the glass in order to remove moisture as quickly as possible, 
chlorine and water-vapour being likely to react with one another. 
We were not able to heat the gases without at the same time heating 
the phosphoric oxide. 

(3) Action of Sunlight—On exposure to bright sunshine at Wye, in 
June, no explosion took place. The bright sunshine lasted for three 
days. At the end of that time the bulb was opened and the gases 
analysed. About 30 per cent. of the hydrogen and chlorine had 
combined. 

Our experiments, therefore, lead to the conclusion that an electric 
spark causes an explosion in the dried, just as readily as in the moist, 
gases. Combination is complete, showing that the action is propagated 
through the whole mass of the gas. Neither heat nor sunshine 
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causes explosion in the dried gases ; combination, when it occurs at 
all, is very slow and incomplete, and not transmitted through the 
whole of the gas as in the previous case. Why there should be this 
difference, and whether the slow combination which we find is a direct 
action or due to a surface action, we are not at present in a position 
to say. 


Our best thanks are due to Professor Dixon for much kindly help 
and encouragement in this research, and to Mr. W. A. Shenstone, F.R.S., 
for supplying us with some of his electrodes and for giving us some 
valuable suggestions as to the preparation of the chlorine. 

THE OWENS COLLEGE, MANCHESTER, 


AND 
SouTH EASTERN AGRICULTURAL COLLEGE, WYE. 


CXXX.—The Union of Hydrogen and Chlorine. V. 
The Action of Light on Chlorine Gas. 


By J. W. MEttor. 


In 1843, Draper announced to the British Association Meeting at Cork 
(B.A. Reports, “ Abstracts of Communications,” 1843, 9; Phil. Mag., 
1844, [iii], 25, 1), ‘chlorine gas which has been exposed to daylight or 
sunshine possesses qualities which are not possessed by chlorine which 
has been made in the dark. This is shown by the circumstance that 
chlorive which has been exposed to sunshine has obtained from that 
exposure the property of speedily uniting with hydrogen gas, a property 
not possessed by chlorine which has been made and kept in the dark. 
This quality gained by chlorine arises from its having absorbed tithonic 
rays * corresponding in refrangibility to the indigo. It is not a 
transient, but a permanent, property, the rays so absorbed becoming 
latent and the effect lasting an unknown time.” 

Draper’s experiment in support of this important statement was 
performed in the following manner. Equal volumes of chlorine were 
introduced into similar clear glass tubes and confined over salt water. 
The gas in one vessel was exposed to bright sunshine, while the other 
was kept in darkness. After a quarter of an hour’s time, an equal 
volume of hydrogen was added to each tube, and both tubes were then 
exposed to diffuse daylight. The insolated chlorine united “ promptly 
and energetically” with hydrogen ; the chlorine made and kept in the 
dark showed no such property. 


* Now called ‘‘ actinic. 
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In a later paper (Phil. Mag., 1845, [iii], 27, 327), Draper described 
a modification of the above experiment in which the chlorine, dried by 
calcium chloride, was not allowed to come into contact with the salt 
water during the exposure to light, but with the same result. 

Draper also showed that this phenomenon is not due to the heating 
effect of the sun’s rays, because the chlorine will retain its induced 
activity when kept some hours in the dark. In his view, his experi- 
ments indicated that chlorine must be subject to a preliminary insolation 
before it can combine with hydrogen. In other words, chlorine after 
exposure to sunlight is more active chemically than chlorine made and 
kept in darkness. This interpretation of these experiments would 
furnish a simple enough explanation of the so-called period of photo- 
chemical induction if other investigators, working with more refined 
instruments, had been able to confirm Draper’s observations. The 
facts are as follows. 

In 1853, Favre and Silbermann (Ann. Chim. Phys., 1853, [iii], 37, 
499) quoted one experiment in which insolated chlorine was absorbed 
by a solution of caustic potash. They found that 478°8 calories of heat 
were evolved, whilst ordinary chlorine, under like conditions, gave 
439°7 calories. These investigators also stated that a greater amount 
of chlorate was present among the products of the former reaction. 

On account of the complex nature of the reaction between chlorine 
and caustic potash, I have measured the thermal value of the simpler 
reaction between chlorine and potassium iodide. 

The gas was passed through a long spiral, kept at a constant tempera- 
ture, and then led directly into 500 c.c. of a decinormal solution of 
potassium iodide contained in a platinum calorimeter and constantly 
stirred by means of a platinum stirrer.* A Beckmann thermometer 
was used in the calorimeter. After the temperature readings had been 
completed, the mass of chlorine which had entered the solution was 
determined by titration of the free iodine with sodium thiosulphate, 
Otherwise I followed the details given in Thomsen’s Thermochemische 
Untersuchungen (1882, 2, 21, 29). The following values of K (=100 
calories) were obtained : 


Non-insolated chlorine. Insolated chlorine. 
283 282 
287 286 
281 285 


I have also employed Carnot’s method (Compt. rend., 1896, 122, 449) 
for the determination of the amounts of chlorides, chlorates, and hypo- 
chlorites in the products of the action of insolated and of non-insolated 


* I desire to take this opportunity of thanking Mr. Hartog for the loan of his 
platinum apparatusy 
VOL, LXXXI. 4Q 


1982 MELLOR: THE UNION OF HYDROGEN AND CHLORINE. 


chlorine on caustic potash. The following results were obtained with 
dekanormal solutions of potassium hydroxide at 20° :* 


Non-insolated chlorine. Insolated chlorine. 
Hypochlorite. Chlorate. Hypochlorite. Chlorate. 
71:58 per cent. 0°53 per cent. 70°34 per cent. 0°57 per cent. 
71:72 - 047 =, 72°01_—Céis,, 0°51 * 


The chlorides are given by difference, total chlorine being determined 
as silver chloride. 

So far as these experiments go, the evidence in favour of the assumed 
existence of Draper’s allotropic chlorine is not convincing. 

Bunsen and Roscoe (Phil. Trans., 1857, 146, 398) failed to detect 
any difference between the rates of combination of hydrogen and non- 
insolated chlorine and of hydrogen and insolated chlorine in their 
extremely sensitive actinometer or to detect any action between 
hydrogen and insolated chlorine in the dark. t 

Askenasy and Meyer published the following experiment in 1892 
(Annalen, 269, 72). Chlorine was exposed to bright sunlight concen- 
trated by means of a concave mirror and then mixed with a known 
volume of hydrogen in the dark. After the lapse of three or four 
hours, the gases were driven from the apparatus by means of a current 
of carbon dioxide; analysis failed to detect any difference in the 
quantity of hydrogen before and after contact with insolated chlorine. 

This experiment does not compare in delicacy with Bunsen and 
Roscoe’s test. Traces of hydrogen could easily escape detection. 


Repetition of Draper's Experiments. 


I have modified Draper’s experiments in various ways. ‘Iwo bulbs, 
A and B, each about 100 c.c. capacity, were connected with three cocks, 
a, 6, c, as shown in Fig. 1 (p. 1283). At one end, c, a capillary tube 
dipped into a concentrated solution of sodium chloride.t Chlorine was 
led through the three-way cock 6, into B and out at D, until all the 


* At temperatures above 60°, the yields were very irregular. A difference of a few 
minutes in the time of passing the gas into the solution will make a marked differ- 
ence in the yield of chlorate owing to the decomposition of the hypochlorite. Fuller 
details will be given in another communication. 

t+ Amato (Gazzetta, 1884, 14, 57) states that an explosive mixture of hydrogen 
and chlorine will not explode in sunlight at —12° provided that the chlorine has 
not been subjected to a preliminary insolation. No experiments are given with 
insolated chlorine. Butlerow and Rizza (Bull. Soc. Chim., 1882, [ii], 38, 554; 
1883, [ii], 39, 263) appear to have also determined the atomic weights of insolated 
and non-insolated chlorine. 

+ Chlorine dissolves in, or otherwise attacks, all liquids available for use in the 
measuring gauge. I have always employed sulphuric acid saturated with chlorine 
gas unless there were special reasons, as here, for using another liquid, 
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air had been driven out of this part of the apparatus, and the salt 
water was saturated with the gas. The three-way cock was then 
closed. A was then filled with hydrogen in a similar manner with 
hydrogen escape at a, The cocks were lubricated with glacial phos- 
phoric acid. The apparatus was then exposed to bright sunlight 
(midsummer, 1901) for a couple of hours and then removed into a dark 
cellar. A and B were placed in communication for 8—10 hours by 
opening the cock 6, The index at first indicated that the chlorine had 
expanded during insolation, but in 8—10 hours the original volume 
was restored. There was no contraction which could be attributed to 
the combination of hydrogen with chlorine when allowance was made 
for changes of the atmospheric temperature and pressure. It will be 


Cc B b A a 


Fie, 1. 


evident that if the insolated chlorine had been allowed to regain 
atmospheric pressure by allowing some chlorine to escape before open- 
ing the cock 8, as, I believe, happened in many of Draper’s experiments, 
we should have a contraction of the expanded chlorine which has 
hitherto been thought to be due to the formation and subsequent 
absorption of hydrogen chloride by the salt water. 

The bulb, A, was then filled with a known volume of hydrogen 
at about half the atmospheric pressure ; B was filled with chlorine at 
atmospheric pressure. The chlorine was then exposed to sunlight and 
mixed with hydrogen, as before, in the dark. Next day, the mixture 
was swept into a burette containing an aqueous solution of caustic 
potash by means of a current of carbon dioxide. Four measurements 
are given in the following table : 


4Q2 
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Before exposure. Eight hours after exposure. 
Volume c.c. 
Vol. at , 
Temp. kom B.P.T. Temp. Ses, rn . 
: C.C. — Reduced TK 
* | to N.P.T. 
17°6° 771 50°1 14°8° 773 52°6 50°7 +0°6 
17°8 770 50°0 151 762 53°2 50°5 +0°5 
17°5 777 50°5 15°3 770 53°3 50°1 -0°4 
17°8 778 49°8 15°0 770 52°0 49°9 +0°1 


I have also used the method adopted by Dixon and Peterkin (Trans., 
1899, '75, 613) for observing the change in the volume of mixed gases. 
The inner bulb of a ball condenser was filled with hydrogen, the outer 
with chlorine ; the mixing of the gases after exposure to sunlight was 
effected by breaking the inner bulb by means of a piece of glass rod 
previously placed inside. No evidence was obtained of any combina- 
tion in the dark. 

I am consequently led to conclude that the contraction which Draper 
attributed to combination of hydrogen was, in most cases, a secondary 
effect of what may be called the photo-expansion of chlorine (the 
Budde effect), namely, the contraction which insolated chlorine always 
undergoes on removing the light. 


The Budde Effect. 


In 1870, Budde (Phil. Mag., 1871, [v], 42, 290; Pogg. Ann. Ergbd., 
1873, 6, 477) discovered the fact that chlorine expands under the 
influence of light rays of high refrangibility. The temperature of the 
chlorine rises about one degree. ‘This is not a direct heating effect of 
sunlight, because the interposition of a screen of water between the 
source of light and the chlorine makes no difference to the effect. 

Favre and Silbermann (loc. cit., p. 499, footnote), so far back as 
1853, tried the same experiment as Budde, but with a negative result. 
As a matter of fact, no change in volume does occur if the chlorine is 
thoroughly dried (Roscoe, Watts’ Dictionary, 1875, '7, 750; Baker 
B.A. Reports, 1894, 493 ; Shenstone, Trans., 1897, '71, 471). 

Richardson, however, has not only established the reality of the 
Budde effect (Phil. Mag., 1891, [v], 32, 277), but he has also shown 
that the magnitude of the photo-expansion is proportional to the 
intensity of the more refrangible rays of light. Hence he utilises this 
property to measure the intensity of rays of high refrangibility.. The 
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expansion is independent of temperature between the limits 14° and 
138°. 
If J denotes the intensity of the light and v the volume of the 
chlorine, 
I=a, 


where a is a constant very nearly equal to 70. 

The expansion occurs when chlorine is mixed with air (Richardson), 
or with hydrogen, carbon monoxide, or ethylene (Recklinghausen, 
Zeit. physikal. Chem., 1894, 14, 494). ‘ Ausdehnung durch die Reak- 
tion,” says Recklinghausen, “scheint demnach das Charakteristikum 
einer durch das Licht stattfindenden Vereinigung zweier Gase zu 
sein.” 

Recklinghausen also measured the magnitude of the photo-expansion 
of chlorine mixed with hydrogen, not directly in contact with water, 
in an apparatus in which the mechanism of a plethysmograph is 
ingeniously applied to measure slight changes in volume. He found 
that as the chlorine disappeared, owing to the formation of hydrogen 
chloride, the mixed gases returned to their original volume. When the 
light was removed at any stage of the exposure, the mixture also 
returned to its original volume. If the light were again restored, the 
mixture again expanded, but not quite to the volume occupied just 
before the light was removed. From this, Recklinghausen argues that 
it is possible combination takes place in the dark. 

Another interpretation may, however, be suggested. The total 
increase in the volume of the actively combining gases is the additive 
effect of (1) Budde’s photo-expansion, and (2) the heat of combination 
of hydrogen and chlorine gases. In darkness, combination ceases, the 
mixture cools. When light is restored, the resulting expansion is the 
joint effect of the photo-expansion of the remaining chlorine and the 
heat of combination of the newly formed hydrogen chloride without 
the thermal effect which accompanied the formation of the hydrogen 
chloride produced during the first exposure. 

Budde has suggested the following possible explanations of his dis- 
covery: (1) Light loosens or decomposes the chlorine molecule into 


free atoms, so that 
Cl, = Cl + Cl. 


Two volumes, Four volumes. 


(2) Light performs some work which changes into heat, thereby caus- 
ing an expansion. (3) The chlorine is warmed up directly in the same 
way that lamp black is warmed up in the heat spectrum. He rejected 
the second of these suppositions as a makeshift (Nothbehelf) ; the third 
he rejected because the heat rays at the red end of the spectrum pro- 
duce little, if any, photo-expansion. The first supposition appeared to 
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explain most of the facts, and he suggested that the slight rise of 
temperature was developed by the recombination of the “ gelockerten 
und zersetzen Chlormolekiile,” 

The first question I have attempted to answer is: Does the rise in 
temperature account for the expansion ? 

Professor Dixon has suggested to me the following instrument. The 
two concentric bulbs of a ball condenser (Fig. 2) were respectively 
fused on to two sulphuric acid gauges. The outer bulb was filled with 
chlorine, the inner with air, so as to form an air thermometer sur- 
rounded by the chlorine. The stem of each bulb was graduated by 
‘warming up the bulbs in a suitable vessel and marking the position of 
the index in each stem at the different 
temperatures. The two indices show 
practically the same rise of tempera- 
ture when the bulbs are placed in a 
water-jacket and bathed in sunlight. 
The air thermometer probably shows 
more correctly the temperature of the 
surrounding chlorine than a mercurial 
thermometer. 

The photo-expansion is therefore 
proportional to the temperature of 
the gas, and it is unnecessary to as- 
| sume that the chlorine molecule is 
dissociated when exposed to actinic 
light. 

Measurements of the conductivity 
of the illuminated gases confirm this 
conclusion. J. J. Thomson (Proc. 
ly § Camb. Phil. Soc., 1901, 11, 90; see 

also Hemptinne, Zeit. physikal. Chem., 

1902, 12, 244) has experimented on 
this subject. He says: ‘The object of these experiments was 
(1) to see whether there were any free ions present either in the 
preliminary stage when the expansion discovered by Draper is oc- 
curring, or (2) when the hydrogen chloride is being produced. At 
neither stage could I detect any free ions, although I could have done 
so had the ions amounted to anything like 1 in 10! of the molecules 
present. I then tried whether the rate of combination was affected 
when ions were produced by external means, for example, Réntgen 
rays, thorium radiation, &c. The results were negative. I could not 
detect the slightest effect.” 

To return to the hypothesis rejected by Budde. According to 
Clausius’ theory, for any given temperature there is a definite relation 
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between the molecular and the atomic energy of a gas, or between the 
rectilinear motions of translation and the vibrations of the molecules 
(or atoms). The former motions are supposed to determine the tem- 
perature of a gas as measured by a thermometer. If the molecular 
vibrations are augmented, the increased energy is converted into 
energy of translatory motion either after a few or after a great 
number* of molecular impacts. If the molecular vibrations are con- 
tinually excited by an impressed force, such as the absorption of light 
rays of a definite period of vibration, there will be a continuous trans- 
formation of this energy into energy of translatory motion, which makes 
itself evident by a rise of temperature. 

If the internal energy is not immediately dissipated by, say, radia- 
tions from the molecules moving in their free path between successive 
collisions, or by the conversion into heat during molecular impact, 
energy will be stored in the gas and ultimately make its appearance as 
luminescent or phosphorescent phenomena (Wiedemann, Ann. Phys. 
Chim., 1889, [ii], 37,177; also Phil. Mag., 1889, [v], 28, 149, 248, 
376, 493). 

I find that no radiations capable of affecting the fastest “ Paget” sen- 
sitive platest are evolved by chlorine gas contained in thin glass tubes 
exposed for 1—5 hours to bright sunlight, limelight, or to a 600—1000 
c.p. electric arc ; nor does such a vessel of chlorine emit any rays 
capable of causing a perceptible influence on a sensitive mixture of 
hydrogen and chlorine. A layer of 15 cm. of moist chlorine appar- 
ently affords perfect protection from the actinic rays capable of effect- 
ing the union of hydrogen and chlorine. The actinic energy from 
sunlight is apparently absorbed and subsequently dissipated in the 
form of non-actinic external radiations. 

If the amount of expansion of isolated chlorine could be taken as a 
measure of the work performed by the absorbed actinic energy, a 
simple calculation would furnish the thermal equivalent of any ray of 
light absorbed by the chlorine. If the gas obeys van der Waals’ law, 
for example, the work of isothermal expansion is 


"27 RO a v —b 1 1 
r= (Ch Se = med} - LD 
& yey =; av R6 log e,—6 Wo ~ vy) 
a | 
where a and } are van der Waals’ constants, R is the gas constant, 
6 the absolute temperature, v, the initial, v, the final, volume of the 


gas, 
It is clear that if the “kinetic potential” of the energy changes 


* Stoney’s ‘“‘Ba” and ‘‘Bb” events respectively (Stoney, Phil. Mag., 1895, 


[v], 40, 262). 
+ I desire to thank Mr. Bradley for doing the photographic work. 
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during the process of absorption of light be studied thermodynamically, 
the entropy must, at the outset, be divided into two parts. The one 
part corresponds with temperature as defined by the motion of the 
translation of the molecules which is indicated on the thermometer ; 
the other part corresponds with “‘ temperature ’’ as defined by the mole- 
cular (or atomic) vibrations and is not indicated on the thermometer. 

I have tried to find further indications of the nature of the internal 
work performed when light is absorbed by chlorine gas by comparing 
the ratio of the two specific heats for chlorine in sunlight, and chlorine 
in darkness, at the same temperature. I was unable to detect any 
difference outside the range of experimental error with an ordinary 
Kundt’s tube. This only shows that the change in the internal 
energy of the isolated gas is an immeasurably small fraction of the 
total energy of the translatory motions of the molecules, 


Chemical Action of Light on Moist Chlorine. 


Richardson (B.A. Reports, 1888, 89) has mixed moist carbon 
dioxide with sufficient chlorine theoretically to decompose all the 
moisture, and found that 1°33 per cent. of the chlorine had been con- 
verted into hydrogen choride after 33 days’ exposure to light ; when 
oxygen was substituted for the carbon dioxide, 3 per cent. of the 
chlorine was converted into hydrogen chloride in the same time. 

Pedler (Trans., 1890, 57, 613) bas investigated the action of 
tropical sunlight on chlorine in the presence of liquid water in sealed 
tubes. He found that little action occurred unless the water is in 
relatively large excess. 

Moist chlorine in the beam of a 600—1000 c¢.p. are light concen- 
trated by a lens (about 12 in. focus) shows a faint cloudiness re- 
sembling the cloud observed by Tyndall (Tyndall’s ‘ Heat, a Mode of 
Motion,” 1880, 475) with sulphur dioxide and the vapours of certain 
organic liquids. I have separated a little oxygen* (about 4 per cent. 
of the total volume) by passing the illuminated gas from Tyndall’s 
tube, at a temperature of 20—25°,t into a cold solution of potassium 
hydroxide by means of a current of carbon dioxide. The oxygen was 
not due to the action of chlorine on any visible moisture deposited on 
the illuminated parts of the apparatus. 

Morren (Ann. Chim. Phys., 1870, [iv], 21,323) found that hydrogen 
chloride, similarly exposed to a beam of sunlight, was not decomposed. 

* It is extremely difficult to prepare large. quantities of chlorine free from traces 
of air. By means of the process indicated in Part I, it is possible to prepare 10—14 
litres of chlorine contaminated with immeasurably small amounts of air. This 
method of preparation was employed here. 


+ The gas in the vicinity of the focus of the lens is no doubt at a higher tempers - 
ture than this, 
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If chlorine is dried by means of phosphoric oxide, there is no sign 
of Budde’s expansion in sunlight. (Concentrated sulphuric acid may 
be used as index liquid.) Consequently, the amount of actinic energy 
which is converted by dry chlorine into heat is not sufficient to affect 
the chlorine thermometer above described. 

Cordier (Monatsh., 1900, 21, 660) finds that whilst moist chlorine is 
opaque, dry chlorine is more transparent than moist chlorine to actinic 
light so far as the screening effect of chlorine on silver chloride is 
concerned, 

I have fitted up the insolation vessel of Bunsen and Roscoe’s actino- 
meter A BC (Fig. 3) in the middle of a large globe, D, filled with 


Fig. 3. 


A 


chlorine gas. The large globe was painted in such a way that the 
insolation vessel could be illuminated by a beam of light which had 
been filtered through 10—15 cm. of chlorine gas, The following 
numbers are representative of the readings : 


Index movement, 
Time in minutes. ‘ ” - “ 
. . . ii . 22 s t . 
(i) Air in D. (ii) He D. orine | (iit) ~ orine 
10 3 0 
13 13 0 No action 
18 12 0 observed. 
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The dry chlorine had been in contact with purified phosphoric oxide 
for five months. , 

These results raise the question : Is the actinic energy absorbed by 
moist chlorine gas spent in doing chemical work? The reaction 
between chlorine gas and water vapour is endothermic (compare Namais, 
Gazzetta, 1896, 26, i, 35). The filtering of light from the actinic rays 
by moist chlorine is a continuous process. When a bulb of hydrogen 
and chlorine gas is placed in a sufficiently large jar of moist chlorine gas 
and exposed to light, the bulb is perfectly screened from the actinic 
rays for an indefinite period. If, therefore, the absorption of light 
induces the above reaction, there must be a point at which the reverse 
reaction takes place, and 


2H,O + 2Cl, — 0, + 4HCI, 
is reversible. 
Richardson (B.A. Reports, 1888, 89; 1889, 59; 1890, 263; Trans., 
1887, 51, 801) has demonstrated that hydrogen chloride in the presence 
of excess of oxygen is almost completely decomposed according to the 


reaction 
4HCl + O, = 2Cl, + 2H,0. 


Harker (Zeit. physikal. Chem., 1892, 9, 673) has also established the 
reversibility of the reaction at high temperatures. 

There is a curious relation between the equilibrium constant and 
the intensity of light which remains to be investigated. If a mixture 
of equal volumes of oxygen, hydrogen, and chlorine be exposed to 
actinic light, the colour of the chlorine at first disappears owing to 
the relatively fast irreversible reaction 


H, + Cl, = 2HCI, 
this being followed by the slow reversible change, 
4HCl + O, — 2H,0 + 2Cl,, 


the characteristic green colour of chlorine slowly returns. 

Since the volume of moist chlorine is alone affected by the absorption 
of actinic energy, the increased temperature of insolated chlorine 
appears to be an effect of some chemical reaction between water 
vapour and chlorine gas.* 

The amount of moisture retained by a gas which has been in 
contact with any given desiccating agent a sufficient length of time 
for thorough desiccation is of vital interest. Dittmar and Henderson 


* E. R. Laird (Astrophysical Journal, 1901, 14, 85) has recently mapped the 
absorption spectrum of ordinary chlorine. A comparison of this with that of pure 
chlorine, thoroughly dried by means of specially purified phosphoric oxide, would 
no doubt furnish useful information on this subject, 
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(Proc. Roy. Soc. Glasgow, 1891, 22, 33) found that air dried by calcium 
chloride may retain 0°001 gram of moisture per litre. Morley (Amer. 
J. Sci., 1885, [iii], 30, 140) found that the absolute amount of moisture 
retained by air dried by sulphuric acid (sp. gr. 1°8381) is 0-000002 
gram per litre. Dibbits (Zeit. anal. Chem., 1876, 4, 180) found that 
air dried by sulphuric acid gave up 0:000002 gram per litre to phos- 
phoric oxide. 

If the degrees of accuracy of the two latter measurements permit a 
comparison, it follows that the absolute amount of moisture retained in 
a gas thoroughly dried by phosphoric oxide is immeasurably small. 

. [Nore appep Aveust 19 :—Mr. H. Brereton Baker, F.R.S., hasrecently 
discovered that “dry chlorine attacks platinum in light but not in 
darkness,” (Private communication.) It is thus to be expected that 
the heat of this chemical action will cause an expansion which, if 
sufficiently great, will more than counterbalance the contraction due 
to the absorption of chlorine in the formation of platinum chloride. 
At a meeting of the Chemical Society, in November 1900, in the 
discussion of an earlier part of this paper, Mr. Baker mentioned the 
fact that dry chlorine in the presence of platinum expands in sunlight. ] 


Note on the Action of the Electric Discharge on Moist Chlorine. 


According to Henry (Phil. Trans., 1800, 190, 238), 1/35 volume of 
hydrogen chloride is decomposed by the passage of an electric spark 
through the gas. Vernon (Chem. News, 1891, 63, 67) found that the 
passage of a silent discharge through chlorine in an Andrews’ ozone 
tube results in a slight expansion due to the heating effect of the 
discharge. 

I have mixed hydrogen chloride and‘ chlorine and repeated these 
experiments to try if “nascent” chlorine from the hydrogen chloride 
would form anything of the nature of Cl, or HCl,, but without 
success.* If, however, air or oxygen be present, the ozone formed 
will react with the hydrogen chloride. 


Conclusions. 


1. There is no experimental evidence to show that chlorine gas 
under the influence of light undergoes any change capable of appreci- 
ably affecting the chemical activity of that element towards hydrogen. 

2. Part of the energy absorbed by moist chlorine from sunlight is 
dissipated as heat. This causes the Budde effect. 

* If a tube with platinum or platinum-iridium electrodes is used, there is invari- 
ably a contraction in the volume of the mixed gases due to the combination of 
chlorine with the metal of the electrodes. I have never met with a specimen of 
platinum capable of withstanding the action of chlorine for many days without the 
formation of a reddish ‘‘rust” of platinum chloride over its surface. 
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3. Under the influence of light, chlorine sets up and maintains in a 
state of equilibrium a reversible reaction with water vapour, possibly 


2H,0 + 20], = 4HCl + 0,. 


4. Dry chlorine does not exhibit the Budde effect. 

5. The rise in the temperature of imperfectly dried chlorine when 
exposed to sunlight appears to be due to some chemical reaction 
between the moisture and the chlorine gas. 

6. A layer of moist chlorine just thick enough to screen a bulb of 
mixed hydrogen and chlorine gases from chemical action is not sufficient 
to prevent chemical action if the chlorine is dried by means of purified 
phosphoric oxide. 

7. The actinic energy continuously absorbed from sunlight by moist 
chlorine is continuously dissipated in at least three ways: (i) partly in 
maintaining the above chemical reaction; (ii) partly by conversion 
into heat during molecular impacts ; (iii) partly as external non-actinic 
radiations from the molecules moving in their free path between mole- 
cular collisions. 


THE OwENs COLLEGE, 
MANCHESTER. 


CXXXI.—The Union of Hydrogen and Chlorine. VI. 
The Period of Induction. 


By J. W. MELtor. 


THE experiments recorded in the preceding paper lead up to the 
study of the most interesting period of chemical reactions where the 
velocity gradually increases from zero to a final maximum value, 
Bunsen and Roscoe call this the “period of induction.” The pheno- 
menon at first sight appears to contradict the well established law of 
mass action, because if the reaction takes place directly between, say, 
two components, the maximum velocity must occur at the beginning 
of the reaction when the active masses of the reacting components are 
greatest, as in the action of chlorine on methyl ether in sunlight. 
“Dans les premiers, l’attaque est excessivement vive, mais elle se 
ralentit Amesure que la chloruration fait des progrés ” (Cahours, Compt. 
rend., 1846, 23, 1070). 

It is not satisfactory to postulate, with Berthelot and Gilles (Ann. 
Chim. Phys., 1862, [iii], 62, 26), ‘une sorte l’inertia de résistance 4 
vaincre qui retard la combinaison dans les premiers instants.” Har- 
court and Esson (Phil. Trans., 1866, 156, 201), Naumann (Annalen, 
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1876, 160, 23), and Hell and Urech (Ber., 1880, 13, 531) assume that 
the period of acceleration is due to the fact that “chemical change 
consists in the gradual formation of a substance ”—the so-called inter- 
mediate compound—* which at the same time slowly disappears by 
reason of its reaction with a proportional quantity of a third sub- 
stance.” 

According to this view (the intermediate compound theory), the 
reaction between hydrogen and chlorine in the presence of moisture 
may be written : 

Cl, + H,O = X + &e.; 
(X + &.) + H, = H,O + 2HCl, 


where X represents the unknown intermediate compound. 

Although the intermediate compound formed in many reactions has 
been isolated, with hydrogen and chlorine, unfortunately, indirect 
evidence is alone available. 

The reaction is usually studied in Bunsen and Roscoe’s actinometer. 
The mixed hydrogen and chlorine gases are confined in a flat glass 
bulb (called the “insolation vessel ’’), one-third filled with water satur- 
ated with the two gases. The insolation vessel is connected with an 
index which is very sensitive to changes of volume. The lower half 
of the insolation vessel is painted black in order to screen the water 
from the influence of light. When the insolation vessel is illuminated, 
hydrogen chloride is formed and absorbed by the water. The index 
movements show that the rate of formation of hydrogen chloride 
gradually increases from zero up to a constant maximum velocity. 
The rapidity of induction and the rate of formation of hydrogen 
chloride are each proportional to the intensity of the light. 

Obviously, a certain amount of hydrogen chloride must be formed 
before the water begins to absorb this gas at a constant rate. The 
rate of absorption of hydrogen chloride by water diminishes as the 
extremely thin layer of water in immediate contact with the gas 
approaches saturation. The denser solution of hydrogen chloride 
formed at the surface sets up irregular convection currents during its 
descent to the bottom of the insolation vessel. Such currents are 
almost absent if ammonia gas is being absorbed instead of hydrogen 
chloride. The rate of absorption then depends on the rate of diffusion 
of the dissolved gas from above downwards. 

The amount of hydrogen chloride which the atmosphere above the 
water can hold before absorption begins is very small, as will be shown 
in Part VII of this investigation. The period of induction cannot be 
explained by the delayed solution of hydrogen chloride. Harden and 
Dyson (Proc., 1894, 10, 165) have observed a well-defined period of 
induction with carbon monoxide and chlorine. In this case, the 


co] 
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velocity of the reaction is measured by the difference in the pressure 
of the gas on both sides of the equation Cl, +CO=COCI,. 

Bunsen and Roscoe’s period of induction is sometimes sub-divided 
into (1) a period of inertness, during which there is supposed to be no 
formation of hydrogen chloride, and (2) a period of acceleration. 

From the results recorded in Part IV of this work, however, it 
appears that there is no such thing as a period of no formation of 
hydrogen chloride (Mellor and Anderson, Trans., 1902, 81, 414).* 

Assuming the existence of an intermediate compound, the period of 
induction is a necessary consequence of the law of mass action. 

At the beginning of the reaction, the rate of diminution of chlorine 
is a maximum, whilst the rate of formation of hydrogen chloride is 
zero. From that moment, the rate of formation of the intermediate 
compound X is always equal to the difference in the rate of diminution 
of chlorine and the rate of formation of hydrogen chloride. During 
the first period of the reaction, the amount of X in the system con- 
tinually increases, and the system contains the greatest amount of X 
at the moment when the rate of diminution of chlorine is equal to the 
rate of formation of hydrogen chloride. 

In symbols, if x, y, z respectively denote the amounts of chlorine, 
X, and hydrogen chloride in the system at the time ¢, then 

dy _ _de_ d& 


dt dt dt 


Again, from the law of mass action, the rate of formation of hydrogen 
chloride will be greatest when the system contains a maximum amount 
of X. But if y be a maximum, 


47 =(0) 
dt : 
. =e 
: dt dt 


The rate of formation of hydrogen chloride, therefore, gradually in- 
creases from zero, at the beginning of the reaction when y=0, up to 
a maximum value when y is a maximum. The so-called period of 


* The fact that hydrogen chloride is formed during the momentary iliumination 
of a mixture of hydrogen and chlorine was published simultaneously by P. V. Bevan 
(Proc. Camb. Phil. Soc., 1902, 11, 264). Mr. Bevan experimented with a platinum 
wire placed in a mixture of hydrogen and chlorine, and measured the rise of tem- 
perature which occurs when the mixed gases are momentarily illuminated by the 
increase in the resistance of the platinum wire. He believes that the presence of the 
platinum did not interfere with his results, and concludes that the increase in volume 
during the Draper effect is equivalent to the heat generated by the combination of 
hydrogen and chlorine. Mellor and Anderson, however, apparently obtained much 
greater expansions than could be explained in this manner, 
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acceleration then ceases. Consequently, the duration of the period of 
induction depends on the relative rates of formation of X and of 
hydrogen chloride. 


Pringsheim’s Intermediate Compound. 


Pringsheim (Ann. Phys. Chem., 1887, [iii], 32, 384) sought to ex- 
plain the period of induction by assuming that chlorine monoxide is 
formed as an intermediate compound according to the following 
equations : 


Stage I.—Cl, + H,O = Cl,0O + H, 
Stage Il.—4H, + ClO = H,O + 2HCi 


He appears to have been guided in the selection of chlorine monoxide 
by the fact that “if hydrogen chloride were formed it would be absorbed 
by the water,” and he observed no change in the volume of the gas 
during the “ period of inertness.” 

There are two objections to this conclusion. First, no reason is 
offered why the chlorine monoxide formed during this period is not 
absorbed by the water, the relative solubilities of chlorine monoxide 
and hydrogen chloride being very nearly as 5:1. Second, from experi- 
ments previously cited, a real “period of inertness” does not exist. 
The mass law also requires that immediately the smallest trace of inter- 
mediate compound is formed, hydrogen chloride shall be produced with 
an infinitely small velocity. 

Pringsheim also believed that the volume of the intermediate com- 
pound X must agree with the equation : 


Cl, + H,O = X + é&e. 


m volumes m volumes. 


} Cycte I. 


So far as our present knowledge goes, this condition is by no means 
binding. There is no evidence to show whether the maximum amount 
of the intermediate compound present in the system when the rate of 
formation of hydrogen chloride is a maximum is small or great. 
According to Recklinghausen (Zeit. physikal. Chem., 1894, 14, 494), 
when a mixture of hydrogen and chlorine gases, not in direct contact 
with water, is illuminated, the increase in volume is proportional to 
the intensity of the light. Bunsen and Roscoe’s actinometer shows 
that if the gases are in contact with water, the volume decreases. 
This contraction is the joint effect of at least four measurable pheno- 
mena. (1) The contraction due to the absorption of hydrogen chloride ; 
(2) the evolution of chlorine from the water in the insolation vessel as 
hydrogen chloride is absorbed (Mellor, Trans., 1901, '79, 216); (3) 
Recklinghausen’s photo-expansion which, as he says, “is characteristic 
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of a combination (of chlorine with hydrogen, &c.) induced by the light,” 
and which is sometimes as great as 4 per cent. of the whole ; (4) the 
heat of combination of hydrogen and chlorine. 

If the volume of the intermediate compound does not agree with 
the above conditions, a fifth factor must be included, namely, (5) the 
change in volume due to the formation of the small or great quantity 
of the intermediate compound. 

Becquerel (Wurtz’s Dict. de Chim., 1879, 2, 255), Veley, (Phil. Mag., 
1894, [v], 37, 170), and Gautier and Helier (Compt. rend., 1897, 124, 


1268), modify Pringsheim’s cycle and assume that the reaction occurs 
in the following way : 


Srace I.—C], + H,O = HOC] + HCl 
Stace II.—H, + HOC] = H,O + HCl 


i Cycxx II. 


Veley gives two reasons for the rejection of Pringsheim’s cycle. 

(1) “It is not probable that the anhydride Cl,O would exist as such 
in the presence of water.” 

(2) “The investigations of Pedler . . . have shown that chlorine 
in the presence of water and under the influence of sunlight, the 
two conditions required, give HOCl as one of the intermediate 
products of the reaction. . .” 

In the first place, it is not known whether the vapour of hypochlorous 
acid is Cl,+H,O (vapour), or HOCI] molecules; nor is it known 
whether moist chlorine monoxide consists of Cl,O+H,O (vapour) or 
HOC! molecules, yet there is no more reason to suppose that the 
anhydride Cl,O does not exist as such in the presence of water vapour 
than that SO,, &c., do not exist as anhydrides under similar conditions. 
In the second place, it must be borne in mind that Pedler’s work 
referred to the action of light on aqueous solutions of chlorine and 
not particularly to chlorine gas mixed with aqueous vapour. The 
reaction in the former case is exothermal (Mellor, Trans., 1901, '79, 
223, 225 ; see also Richardson, B.A. Reports, 1888, 89), whilst in the 
latter it is endothermal. There is no satisfactory method for the 
determination of the amount of hydrogen hypochlorite or of chlorine 
monoxide in the presence of chlorine, and no experimental evidence 
has hitherto been published which would justify the selection of the 
one intermediate compound in preference to the other. 

A priori, it appears very probable that either the first or the second 
of the above cycles represents the actual mechanism of the reaction 
under consideration. The following considerations have led me to 
abandon both. 

I have measured the duration of the period of induction and the 
rate of formation of hydrogen chloride in the presence of hydrogen 
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hypochlorite and of moist chlorine monoxide* in a Bunsen and 
Roscoe’s actinometer modified as shown in the figure. The top of the 
insolation vessel A was connected with capillary tubing (about 1 mm. 
bore) Band C. C was filled with the desired vapour under a pressure 
of 1—5 mm. of mercury in excess of the prevailing atmospheric pressure. 
This arrangement was fused at D to the exit tube of an ordinary 
actinometer so that the insolation vessels of both actinometers could 
be illuminated with the same light. 

By suitably turning the three-way cock b, both actinometers can be 
filled with the same mixture of hydrogen and chlorine. The light 


Fia. 1. 


was placed so that both actinometers gave identical readings. The 
light was then extinguished and a little more chlorine-hydrogen mix- 
ture was sent through the apparatus. A and C were then placed in 
communication for a moment so that a little of the gas in C passed into 
A, As soon as equilibrium was restored (about five minutes are re- 
quired), the two bulbs were again illuminated. The following numbers 
are four sets of readings of the two actinometers standing side by 
side : 

* The strongest solutions of hypochlorous acid, free from chlorine, can be pre- 
pared by passing a current of carbon dioxide through an aqueous solution of 


bleaching powder and distilling. The chlorine monoxide, contaminated with a 
little free chlorine, was prepared from dry chlorine and mercuric oxide as described 


in ** Roscoe and Schorlemmer.” 


VOL, LXXXI 
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Effect of adding Hydrogen Hypochlorite. 


Index movements. Index movements. 


Time in —— || Time in 
minutes. | HOCI | minutes, HOC] 


Standard. | Standard. 


|(about 1 mm.) (about 5 mm.) 


| 


COQ or whe 
OOITMH Oe De 
l~leolrlole 


LElalewlutlol 


Ps 
= 
5 | Roy eat Mead Sat Bel cig 


| 


The asterisk “ * ” indicates that the period of induction is over 
that the velocity of the reaction is constant. 


Effect of Adding Chlorine Monoxide. 


Index movements. Index movements. 
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Neither the presence of traces of hydrogen hypochlorite nor of chlor- 
ine monoxide appears to affect the rate of formation of hydrogen 
chloride very much, and no effect is produced on first exposure. 

It is assumed that if it were necessary for either chlorine monoxide 
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or hydrogen hypochlorite to be formed before chemical action can take 
place, the period of induction would be abbreviated or annulled 
altogether when either of these substances is introduced into the 
system *: hydrogen | water vapour | chlorine. 

It may be objected (1) “‘nascent”’ chlorine monoxide (or hydrogen 
hypochlorite) is more active, chemically, than when prepared in the 
usual way ; (2) since chlorine monoxide (or hydrogen hypochlorite) is 
very difficult to purify, impurities are certain to be present, consequently 
the accelerating influence of the intermediate compound is balanced, so 
to speak, by the retarding influence of the impurity (compare Bunsen 
and Roscoe, Phil. Trans., 1857, 146, 390, et seq.). But it must be re- 
membered that the induced mixture may be kept nearly 30 minutes 
without losing all its induced activity. This is not a characteristic of 
* nascent ’’ activity. 

Again, since hydrogen is not directly concerned with the first stage 
of either cycle, 


Cl, + H,O = ClO + H,; or Cl, + H,O = HOC! + HCl, 


the natural inference is that moist chlorine exposed to sunlight will 
exhibit a greater chemical activity towards hydrogen than chlorine 
not so treated. This is not the case. Still further, the presence of 
hydrogen along with the moist chlorine would, according to the mass 
law, drive back the formation of chlorine monoxide, and consequently 
this compound should be more easily formed in moist chlorine than in 
a mixture of moist chlorine and hydrogen. 

When actively combining hydrogen and chlorine gases, which have 
passed through the period of induction, are placed in darkness, 
chemical combination stops. If the gases are re-illuminated, the 
duration of the second period of induction is less than the first 
provided that the induced gases have not been more than half-an-hour 
in darkness. Bunsen and Roscoe (loc. cit., p. 395) have also published 
other experiments which prove undoubtedly that there is a marked 
difference in the chemical activity of an insolated and of a non- 
insolated mixture of hydrogen and chlorine. This fact coupled with 
the experiments recorded in this communication lead to the con- 
clusion that the presence of hydrogen as well as of moisture 
determines the greater chemical activity of the induced mixture of 
hydrogen and chlorine gases. 

No compound formed by the interaction of water and chlorine alone 
will explain the indifference of insolated moist chlorine towards 
hydrogen ; nor will the formation of any compound of hydrogen and 


* Jakowkin’s work appears to show that minute quantities of hydrogen hypo- 
chlorite are normally present in the atmosphere above a solution of chlorine in 
water (Zeit. physikal. Chem , 1899, 29, 613). 
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chlorine explain the part played by water in the reaction; the con- 
ductivity experiments of J. J. Thomson negative any dissociation or 
ionic hypothesis, and the law of mass action furnishes a satisfactory 
explanation of the period of induction provided an intermediate com- 
pound is postulated ; I therefore infer that if an intermediate compound 
is formed at all, it is a complex containing «Cl,,yH,O,zH, (where 
x, y, %, are positive integers) which acts as the intermediate compound 
in Bunsen and Roscoe’s chlorine-hydrogen actinometer. 


Action of Hydrogen on Hydrogen Hypochlorite and on Chlorine 
Monoxide. 


According to Balard (Ann. Chim. Phys., 1834, [i], 57, 225), hydro- 
gen appears to exert no action on chlorine monoxide or on hydrogen 
hypochorite at the ordinary temperature.* 

It have confined hydrogen and nitrogen in separate eudiometers 
over dilute solutions of hydrogen hypochlorite for two days (diffuse 
daylight) at 15°, but no chemical action could be detected. Similar 
experiments, in which the gases, confined over the aqueous hypo- 
chlorous acid, were heated at 100° by means of a steam-jacket for 
1—4 hours, gave negative results. 

Hydrogen hypochlorite in aqueous solution, however, is at once 
attacked by nascent hydrogen from a zinc-copper couple, or sodium 
amalgam placed in the solution. 

In the attempt to find if hydrogen attacks nascent hydrogen hypo- 
chlorite, sufficient carbon dioxide was passed into an aqueous solution 
of sodium hypochlorite to liberate all the available acid. The same 
amount of a mixture of hydrogen and carbon dioxide gases bubbled 
through a similar solution of hypochlorite made no difference to the 
amount of “hypochlorite” obtained in each case. 

These experiments, therefore, do not support the view that either 
chlorine monoxide or hydrogen hypochlorite reacts with hydrogen 
during the second stage of cycles I or II respectively to form hydro- 
gen chloride as indicated in the equation 


C1,0 + 2H, = 2HCl + H,0; or 2HOCI + H, = 2HCl+ H,0. 


I have yet to discuss the explanation offered by the two dependent 
reactions suggested by the equation : 


Cl i Cl‘-H 
| 
bi + yo + w= orn + <r 
* Compare also Cooke (Chem. News, 1888, 58, 103; from Glasgow Phil. Trans.) 
for the reducing action of hydrogen in the presence of platinum. 


t I desire to thank Mr. W. R. Anderson, B.Sc., for valuable assistance with the 
experiments on the chlorine oxides, 
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A similar cycle was indicated by Mrs. Fulhame, as far back as 1802, 
to explain the essential part played by water on certain chemical 
reactions. 


Conclusions. 


1. If the reaction between hydrogen and chlorine in the presence 
of moisture is assumed to take place with the formation of an 
intermediate compound, the period of induction is a direct consequence 
of the law of mass action. 

2. Since neither chlorine monoxide nor hydrogen hypochlorite 
abbreviates the period of induction, neither of these substances can 
take part, as intermediate compounds, in the reaction between 
hydrogen and chlorine. 

3. Since chlorine acquires no appreciable chemical activity by 
exposure to sunlight, the presence of hydrogen as well as of moisture 
determines the greater chemical activity of an induced mixture of 
hydrogen and chlorine gases. 

4, If an intermediate compound takes part in the reaction between 
hydrogen and chlorine in the presence of moisture, the most 
probable ‘‘compound” satisfying the required conditions contains 
«Cl,,yH,O,zH,, where x, y, and z are positive integers. 


I desire to express my gratitude to Professor Dixon for his kind 
interest and advice during the course of this work. 
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CXXXII.—The Decomposition of Water Vapour by the 
Electric Spark. 
By D. L. Cuapman and F. Austin Lippury. 


Tue hypotheses relating to the electrical aspect of chemical changes 
in solution have proved so fruitful in modern chemistry that it seems 
desirable that every effort should be made to extend them to the other 
states of matter, and in particular to the gaseous state. The most 
convincing evidence for the ionic theory of solution is the explana- 
tion which it affords of phenomena, such as electrolysis, which admit 
of simultaneous electrical and chemical measurements being made, 
It is therefore unfortunate that our knowledge concerning the 
chemical changes which accompany the passage of an electric spark 
through compound gases is not at present sufficiently wide to admit 
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of its being accepted as evidence for any theory correlating the 
chemical and electrical aspects of the phenomena. It was with the 
object of extending our knowledge in this direction that the present 
investigation was undertaken. 

Several researches on the passage of electricity through compound 
gases have shown that, not only are the compounds decomposed, but 
an actual separation of the constituents occurs, and the attempts 
which have been made to compare the separation with the quantity 
of electricity which passes through the gas cannot be said to have 
excluded the possibility of a law connecting them similar to Faraday’s 
law for solutions. 

Perrot (Ann. Chim. Phys., 1861, [iii], 61, 161) has shown that when 
an electric spark passes through steam the decomposition which occurs 
is not limited to the electrodes, but takes place throughout the length 
of the spark ; that it varies with the length of the spark, and can, 
under favourable conditions, exceed by twenty times the decomposition 
in a voltameter placed in the same circuit, so that if any relation is to 
be discovered between the gases liberated and the current passed, only 
the excesses of oxygen and hydrogen which make their appearance at 
the anode and cathode respectively must be considered. Experiments 
were performed by Perrot for the purpose of testing this point. He 
found that the gases liberated at the anode contained an excess of 
oxygen, and those at the cathode an excess of hydrogen, their amounts 
being equivalent to the copper deposited in a voltameter in the same 
circuit. The experiments proved that the current is conveyed through 
water vapour in the same manner as through. water. 

Perrot’s experiments were repeated by J. J. Thomson (“ Recent Re- 
searches in Electricity and Magnetism,”’ Appendix), who found that the 
separation was not independent of the length of the spark. Witha 
short spark, the excesses of oxygen and hydrogen collected at the two 
electrodes were equal to the oxygen and hydrogen collected in a volta- 
meter in the same circuit. The hydrogen, however, appeared at the 
positive electrode instead of, as in ordinary electrolysis, at the negative. 
With mediwm sparks, the separation of the oxygen and hydrogen in 
the steam was greater than in the water voltameter. The hydrogen 
was still liberated at the positive electrode as with the short sparks. 
With long sparks (provided they were not too long otherwise the results 
became irregular), the hydrogen appeared at the same electrode both 
in the voltameter and in the spark, their volumes being approximately 
equal. Thomson regards the separation of oxygen and hydrogen, 
which results from the passage of a spark through water vapour, as due 
to the movement of charged oxygen to one electrode, and oppositely 
charged hydrogen to the other electrode, the difference noticed with 
the short and long sparks being due to the fact that the hydrogen has 
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a negative charge when the discharge resembles an arc, whereas it 
is positively charged when the discharge is long and takes place as a 
series of separate sparks through the unmodified vapour. 

E. Wiedemann and G. OC. Schmidt (Ann. Phys. Chem., 1897, 
[iii], 61, 737) concluded after a series of experiments on hydrogen 
chloride and the vapours of the halogen compounds of mercury that 
Faraday’s law does not apply to gases, since the separated halogen was 
much less in amount than that required by the law. 

Besides the quantitative investigations mentioned above, spectro- 
scopic evidence of the separation of the constituents of compound 
gases by the passage through them of the electric spark has been 
obtained by several investigators. 

In our experiments, a discharge from an induction coil was passed be- 
tween the anode, A, and cathode, C’, of a vacuum tube containing water 
vapour. Thesupply of water vapour was continually renewed by with- 
drawing it, together with the gases produced, in approximately equal 
quantities, through the tubes # and F situated near the electrodes, and 
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allowing a fresh quantity to enter through D. The quantity of elec- 
tricity which passed between A and C was measured by means of a 
voltameter placed in the same circuit. The gases withdrawn from Z 
and F were analysed. The rate at which the water vapour passed 
through the tube could be regulated. 

The gases withdrawn from Z and F consisted of mixtures in dif- 
ferent proportions of oxygen and hydrogen. They were separately 
collected, exploded to remove the excess of electrolytic gas, and the 
residue, consisting of oxygen or hydrogen, analysed. The conditions of 
the experiment were altered in two particulars, (1) the rate at which 
the water vapour passed through the tube was varied, (2) the position 
of the tube D at which it entered was altered. 

When the stream of water vapour is slow, the separation of oxygen 
and hydrogen in the tube is small, but ceteris paribus increases rapidly 
as the stream becomes faster, so that in order to obtain the maximum 
effect a rapid and continuous current of water vapour must be passed 
through the tube. 


4s 2 
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The result of varying the position of the tube D is very interesting. 
When it was near the cathode, the gases collected at F contained an 
excess of hydrogen, as in ordinary electrolysis, but this excess of 
hydrogen was found in several cases to be five or six times as great as 
that collected in the voltameter. The fact that this large difference 
can exist in the volume of hydrogen separated by the same current in 
water vapour and in liquid water points to the conclusion that the 
separation in the vapour cannot be entirely due to electrolysis.* | The 
large difference in the hydrogen obtained from the two sources was, 
however, not maintained when the water vapour entered the tube at a 
greater distance from the cathode. When the tube D was midway 
between the anode and cathode, the excess of hydrogen passing out of 
the cathode exit tube was not more than double that collected in the 
voltameter, and the ratio continued to decrease as the tube D was 
moved nearer the anode. If the inlet tube is brought very near to the 
anode, the electrodes at which the excesses of oxygen and hydrogen 
appear are reversed, that is, the oxygen appears at the cathode and the 
hydrogen at the anode, a result which recalls that obtained by J. J. 
Thomson with short sparks. Now during all the experiments an 
effort was made to maintain a uniform discharge, so that the reversal 
of the poles at which the oxygen and hydrogen make their appearance 
is not entirely due to a change in the character of the discharge. The 
position of the tube D through which the vapour enters has, obviously, 
a marked influence on the composition of the gases withdrawn at Z 
and Ff, 

With these facts before us, we can draw the following conclusions. 

1. That when a series of electric sparks is passed through water 
vapour, decomposition of the water and recombination of the oxygen 
and hydrogen take place simultaneously until equilibrium is estab- 
lished. 

2. The oxygen and hydrogen produced by the decomposition tend to 
separate and take up different positions in the tube, This separation 
does not proceed to an unlimited extent, and is prevented from doing 
so by a simultaneous mixing due to convection currents and to diffu- 
sion. The rate of mixing, of course, increases as the variation in the 
composition of the gases in different parts of the tube becomes greater. 

3. The arrangement of the products of decomposition does not take 
place in such a manner that the hydrogen appears'‘at one pole and the 
oxygen at the other, but hydrogen separates at both the anode and 
cathode, the oxygen being driven to the middle of the spark gap, 


* The word electrolysis is used here and elsewhere to denote the process of 
conduction of electricity by the movement of charged ions. 

{ Disregarding, of course, the exceedingly improbable hypothesis that the ions are 
highly polymerised molecules. 
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It will be seen that conclusions 1 and 2 account for the fact that a 
more rapid stream of water vapour causes a greater separation of 
oxygen and hydrogen, and that with a slow current very little 
separation can be observed, for with a slow stream of vapour the 
gases are not driven out of the tube immediately they are separated, 
and they are thus given a greater chance of remixing. In connection 
with this point, it is perhaps well to observe that the small separation 
of hydrogen and chlorine obtained by Wiedemann and Schmidt with 
hydrogen chloride was probably due to the stream of gas being too 
slow to prevent a rapid mixing of the separated gases in the vacuum 
tube itself. 

Conclusion 3 accounts for the nature of the results obtained by 
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varying the position of the tube D. For suppose that the tendency 
of the oxygen and hydrogen to collect in different parts of the tube 
is represented by the curve DO Y FH, where the points A and C 
correspond to the anode and cathode respectively, and an excess of 
hydrogen per unit length is measured by a line drawn upwards from 
A C to the curve and an excess of oxygen by a line drawn downwards. 
These lines represent equivalents of oxygen and hydrogen respectively, 
so that the area / YC together with the area A O D must equal the 
area OY F. If the water vapour enters at the point /, the stream 
which passes in the direction /C will drive out the hydrogen repre- 
sented by the area / # C, whereas the stream of water vapour which 
passes in the direction FA will drive out an equivalent amount of 
oxygen. On the other hand, if the vapour enters the tube at the 


1306 CHAPMAN AND LIDBURY: THE DECOMPOSITION OF 


point 0, hydrogen will be driven towards the anode and oxygen 
towards the cathode, that is, there will be a reversal of the electrodes 
at which the oxygen and hydrogen make their appearance. If a 
point X be chosen, such that the area A O Dis equal to the area O X Y, 
and the area X Y F to the area FHC, then on allowing the water 
vapour to enter the tube at the point X we ought to find, on collecting 
the gases at the anode and cathode, that no separation had taken 
place. The point X is, however, not absolutely fixed in position, and 
moves backwards and forwards during the course of the experiment, 
so that if the inlet tube is near to this point, the pole at which the 
excess of hydrogen appears is continually reversed, but at the end of 
an experiment lasting for a long time the separation produced by the 
spark is only a small fraction of the gases collected in the voltameter. 

We are not prepared at present to offer any theory to account for 
the distribution of oxygen and hydrogen in a tube containing water 
vapour subjected to the action of a series of sparks from an induction 
coil, as we believe that, with the exceedingly limited number of facts 
at our disposal, more than one plausible hypothesis could be constructed. 
Our experiments, however, prove decidedly that the separation of 
the constituent elements of water is not entirely due to a process of 
electrolysis, because in that case oxygen should appear at one electrode 
and hydrogen at the other, whereas hydrogen collects at both elec- 
trodes ; and, secondly, their quantities should not exceed the quantities 
of oxygen and hydrogen collected in a voltameter through which the 
same current passes. 


EXPERIMENTAL. 


The arrangement of the apparatus used is indicated by the accom- 
panying diagram. The flask A contains water which is continually 
evaporating during the experiment. The vapour thus produced passes 
up the tube C into the vacuum tube, # F. On entering the vacuum 
tube, the current of water vapour divides, part going towards # and 
the other part towards F. The gases produced on each side of the inlet 
tube by the passage of the spark are driven forward by the water 
vapour along the tubes G and H into the condensers M@ and N, which 
are surrounded by freezing mixtures. The water vapour condenses 
in M and J, and the gases which are left behind are drawn out by 
the continuous Sprengel pumps P and Q. The pumps were con- 
structed without rubber in order to avoid as far as possible the 
presence of sulphur and organic matter. The spark is produced by 
the induction coil X.* The quantity of electricity passing in one 


* The induction coil was provided with a large condenser, and an air gap was 
always introduced into the circuit. 
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direction is measured by the gases collected in the voltameter Y. 
The gases produced in the spark are collected and measured in the 
apparatus Z and in a precisely similar apparatus (not shown in the 
diagram) attached to the other pump. The voltameter Y contained 
dilute potash solution. At the close of an experiment, the gases 


which it contained were measured by turning off the tap a, drying 
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the tube below the tap, and weighing the voltameter with the 
enclosed gases. Two other weighings are obtained, firstly, with the 
gas in one limb displaced by potash solution, and secondly, with both 
limbs full of potash solution. From the weight of potash displaced 
in both limbs, it is obvious that the volumes both of oxygen and 
hydrogen can be calculated when the necessary corrections for 
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density of potash solution, barometric pressure, heights of columns ot 
potash, temperature, and vapour tension have been made. 

The volumes of oxygen and hydrogen separated in the spark are 
measured by the weights of mercury displaced in the apparatus Z. 
During the experiment, the gas is collected in the compartment y. 
When this is full, the taps a and £ are opened and the gas passes into 
the compartment 5, where the admixed electrolytic gas is removed by 
explosion with a and £ closed. This operation is repeated until a 
sufficient quantity of gas has been collected. The apparatus is 
weighed with the taps a and £ closed, and the vessel y and the tube 
below the tap 8 empty. All necessary measurements of columns of 
mercury are made in a mercury trough with a scale and telescope. 
The gases can, with the aid of this apparatus, be measured directly and 
also analysed by explosion. 

Every precaution must be taken to exclude organic matter from the 
apparatus, as the oxygen produced by the spark appears to be in a 
particularly active form. The absence of rubber is imperative. 

Method of Conducting an Experiment.—Distilled water is drawn 
into the flask A through the tube B by working the Sprengel pumps, 
and Bis then closed before the blow-pipe. ‘The air is next removed 
from the apparatus by setting the pumps in action. This operation is 
accelerated by surrounding Vand JN with freezing mixtures, which pro- 
duce a rapid current of water vapour through the apparatus towards the 
pumps. As soon as ¥ and J are full of water, the freezing mixtures 
are removed and the water distilled back into the flask A by sur- 
rounding it with ice. After repeating this process several times, the 
experiment is started. A series of sparks is sent from an induction 
coil through the voltameter Y and the vacuumtube ZF. The flask A is 
placed in a water-bath which is kept approximately at a temperature 
of 15°, and Mand WN are surrounded with freezing mixtures of ice 
and salt. The pumps are kept in continuous action during the whole 
course of the experiment. The gases which collect in Z must be 
exploded from time to time as previously described. A fresh vacuum 
tube must be made and fused on to the apparatus whenever it is 
desired to vary the conditions. 

In several experiments made at the beginning of the investigation, 
it was noticed that the volume of the oxygen collected at the anode 
was less than half that of the hydrogen collected at the cathode, 
pointing to a disappearance of oxygen. This we believe was due to 
the formation of ozone in the spark, which subsequently acted 
on the mercury of the pumps, a supposition which is rendered more 
probable by the fact that this source of error may be considerably 
reduced by introducing silver gauze into the horizontal tubes leading 
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from the condensers to the pumps, and warming the gauze during 
the experiment. This precaution was taken in all the later 
experiments. 


The Results Obtained. 


T. In a large number of earlier experiments, the water vapour was 
conducted into the vacuum tube at a point near to the middle of the 
spark, and the current of water vapour through the tube was slow 
owing to the fact that the temperature of the condensers was only 
three or four degrees lower than that of the reservoir. Under these 
circumstances, the amount of hydrogen coming from the- cathode of 
the spark varied between one-half and ‘one-fourth of the volume of 
the same gas collected at the cathode of the voltameter. One example 
will suffice to illustrate this : 


Hydrogen from spark =3°'1 c.c. 
Hydrogen from voltameter =6°6 ,, 


II. Haperiments with the Inlet Tube near the Middle of the Spark 
Gap.—tThe condensers were made larger and kept at a lower tempera- 
ture by means of a freezing mixture of ice and salt. The water 
vapour entered the tube near the middle of the spark. The ratio 
of hydrogen from the spark to hydrogen from the voltameter varied 
from 1 to 2: 


2x O, from anode. H, from cathode. 


Number of H, from 
experiment. | voltameter. 


A, . | A. B. 


1°088c.c. | 1°084 cc. -_ 1°163 c.c. 
0952 ,, 1'10lec. | 1°08 
1138 ,, | aw 1°155 
1°982 ,, | 232 ,, | 214 

ae 0°837 ,, 0°827 
305 ,, 3°80 ,, 3°63 
- 136c.c. | 1:95 ,, 1°76 


“IO? Ore CO DOP 


The numbers in column A were obtained by direct measurement, 
and those in B by explosion. 

It will be observed that, in spite of the silver gauze, the oxygen was 
always less than half the hydrogen, and that the hydrogen was mixed 
with a small proportion of inert gas. 

III. Haperiments with the Inlet Tube near to the Cathode.—The 
length of the spark varied from about 100 to 110 mm., and the inlet 
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tube was about 10 mm. from the bulb containing the cathode. The 
electrodes were made of thick platinum wire and varied in length from 
25 to 30 mm. The tube through which the spark passed was 8 mm. 
in diameter, and the inlet tube 5 mm. : 


2x O, from anode. H, from cathode. 


| 
Number of H, from 
experiment. | voltameter. 


| 
| 
| 
| 
| 
| 


Hydrogen from spark — . bee 1 
Hydrogen from voltameter 2598 ene 


IV. Haxperiments with the Inlet Tube near to the Anode.—These 
experiments were much more difficult to perform on account of the 
residues of oxygen and hydrogen collected at the two pumps being 
much smaller than in the previous series. In three experiments, we 
showed that the hydrogen appeared at the anode and the oxygen at 
the cathode by applying qualitative tests, and in one case a complete 
analysis of the gases was made with the following results : 


2x O, from cathode. H, from anode. 


H, from 
voltameter. 


A. B. A. B. 


1545¢c. | 0°38 ac. 0°33 c.c. 0°86 c.c. 0°78 c.c. 


The percentage error due to the absorption of the oxygen by the 
mercury of the pumps and the contamination of the hydrogen by 
inert gases becomes more pronounced, since the actual quantities of 
gases obtained in the same time is much less than in all the previous 
experiments. 

Conclusion. 


The separation of oxygen and hydrogen produced by the passage of 
an electric spark through water vapour cannot receive a complete 
explanation from a hypothesis based exclusively on the unmodified 
theory of electrolysis of liquids. 
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CXXXIII.—Derivatives of Dibenzoylmesitylene. 


By Witu1am Hosson Muzts, Fellow of Jesus College, Cambridge, and 
Tomas Hitt EAsTERFIELD. 


Tue synthetical production of polycyclic hydrocarbons which contain 
more than four rings has hitherto been but rarely effected. 

For this reason, it seemed desirable to undertake a further study of 
the substance dibenzoylmesitylene, 


CH, 
0,H, 200 \\co-0,H, 
a 

prepared by Louise in 1885 (Ann. Chim. Phys., [vi], 6, 234); more 
particularly to work out a method for its preparation which would 
enable it to be obtained in quantity, and to study the acids which 
would be derived from it by the oxidation of two of its methyl groups 
to carboxyl. For just as o-benzoylbenzoic acid is condensible by 
phosphoric oxide (Behr and van Dorp, Ber., 1874, '7, 578) or concen- 
trated sulphuric acid (Liebermann, Ber., 1874, '7, 805 ; Perkin, Trans., 
1891, 59, 1012) to anthraquinone, so was it to be expected that the 
two dibenzoyluvitic acids : 


, 


CH, 
beeaqe 
CO,H’ 00,H 


would, under the influence of dehydrating agents, be convertible into 
quinones of the formule : 


CH, 
Oy CO. ‘es 
© we \Ac0A/ 
respectively, from which the corresponding hydrocarbon might be 
prepared by reduction. 


The present paper deals mainly with the preparation of dibenzoyl- 
mesitylene and with the acids obtained from it by oxidation. An 
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account of the action of dehydrating agents on the latter is reserved 
for a later communication. 

Louise (loc. cit.) prepared dibenzoylmesitylene by treating a mixture 
of mesitylene and benzoyl chloride with a very small quantity of 
aluminium chloride at a high temperature. The high temperature, 
however, and its attendant disadvantages may be avoided, provided 
that the benzoyl chloride is allowed to act on the mesitylene in warm 
Carbon disulphide solution in the presence of a large excess of 
aluminium chloride, the procedure thus closely corresponding to that 
worked out by Victor Meyer (Ber., 1896, 29, 846, 1413) for the produc- 
tion of the diacetyl derivatives of durene and mesitylene. In this 
manner, the preparation can be carried out on a comparatively large 
scale, and excellent yields may be obtained. 

Incidentally, the action of reducing agents on the ketone was 
studied. 

Zinc and potash acting on an alcoholic solution of the ketone reduce 
it to dihydroxydibenzylmesitylene, 


OH, 
C,H, CH (OH) \cH(OH)-C,H, 
On jm ; 
a substance not yet obtained in a crystalline condition. 

When boiled with hydriodic acid (b. p. 127°) and yellow phosphorus, 
dihydroxydibenzylmesitylene is converted into a beautifully crystalline 
compound melting at 89°. Its composition and vapour density, taken 
together with its mode of formation, show conclusively that this 
substance must be dibenzylmesitylene : 


CH, 
0,H,-CH, oH, C,H, 
Hy fe ; 

Louise (Ann. Chim. Phys., 1885, [vi], 6, 197), however, has 
described as dibenzylmesitylene a substance melting at 131°, which 
he obtained directly from mesitylene by the action of benzyl chloride 
and aluminium chloride. 

Since tribenzylmesitylene would have a composition so similar to 
that of dibenzylmesitylene that analysis alone could not distinguish 
between them, it seems not impossible that the substance obtained by 
Louise may be tribenzylmesitylene. ¢ 

It was, however, in the oxidation of the ketone that our interest 
was chiefly centred. 

After various preliminary experiments, it was found that dilute 
nitric acid was the only suitable oxidising agent. 
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When heated with dilute nitric acid in sealed tubes at 140° for 
1} hours, dibenzoylmesitylene is converted into a mixture of acids, 
consisting mainly of the two desired dihenzoyluvitic acids. 


CH, CO,H 
\\oo-0,H, 0,H,-C0/ \c0-0,H, 
Jat 

I. 


CO,H 


It was to be expected that the separation of two such substances 
would be effected by treating the mixture with methyl alcohol and 
hydrogen chloride, when the acid of formula I would yield a normal 
ester, whilst that of formula II, in accordance with Victor Meyer’s 
esterification rule, would give an acid ester only. As a matter of 
fact, however, both acids were by this treatment rapidly converted 
into their dimethyl esters. 

Further investigation showed that these acids were really the two 
dibenzoyluvitic acids. The interesting fact was thus established that 
the benzoyl group as an ortho-substituent forms an exception to Victor 
Meyer’s esterification rule.* None the less, this treatment led to a 
method of separating the two acids, for whilst the methyl ester of one 
is readily soluble in methyl! alcohol, that of the other is so sparingly 
soluble that it separates out almost completely from the esterification 
mixture. 

By saponifying the two esters thus obtained, there resulted the 
corresponding dibenzoyluvitic acids, that from the sparingly soluble 
ester melting at 262°, that from the other at 213°. 

There was, however, still no clue as to which of the two possible 
formule belonged to which acid. 

To gain some evidence on this point, their rates of esterification were 
compared, but since the acid with the sparingly soluble ester was 
found to be the more rapidly esterifiable, no definite conclusion could 
be drawn, it being impossible to be certain that the removal of the 
ester from the sphere of action through its insolubility did not 
accelerate its rate of formation relatively to that of the ester of the 
other acid—the two acids could not be esterified under comparable 
conditions. 

Another method suggested itself which promised to yield more 
definite results. This was to prepare the two dibenzoylmesitylenic 
acids which would result from the oxidation of one only of the three 
methyl groups of dibenzoylmesitylene : 


* Some time after this had been observed, an account of the similar behaviour 
of 3:6-dichlorobenzoylbenzoic acid was published by Graebe (Ber., 1900, 33, 
2026). 
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CH, CO,H 
O,H, cof oot, 0,H, .00/ 00-08, 
00, CH, oH, 
‘4 
Il. Iv. 


Then, whereas the unsymmetrical acid (III) on further oxidation 
should yield a mixture of the two dibenzoyluvitic acids, the sym- 
metrical acid (IV) should yield only one of ane, namely, that of 
the formula IT : 

CO,H 
0,H,-C0’ \CO-0,H, 
CO,H pas , 
and thus would be fixed the constitution of all four acids in question. 

Although dibenzoylmesitylene is not attacked by dilute nitric acid 
when boiled with it under ordinary conditions, it is readily oxidised 
when the boiling point of the diluted acid is raised to 125° by the 
addition of large quantities of potassium and sodium nitrates, and it 
then yields a mixture of all the five acids which can result from it by 
the successive conversion of its three methyl groups into carboxyl. Of 
this mixture, one of the required dibenzoylmesitylenic acids (of melt- 
ing point 174°) forms by far the largest constituent. The other acids 
are present in relatively small quantity, and the isolation of the second 
dibenzoylmesitylenic acid was a matter of some difficulty ; it was finally 
effected by crystallising the mixture of acids from ethyl acetate and 
from alcohol. 

The two dibenzoylmesitylenic acids thus obtained were then oxidised 
in alkaline solution with potassium permanganate, with the result that 
that of melting point 174° yielded a mixture of both dibenzoyluvitic 
acids, whilst that of meiting point 222° under the same conditions 
yielded only the dibenzoyluvitic acid melting at 213°. 

The constitution of the five acids resulting from the oxidation of 
dibenzoylmesitylene was thus settled. 

The dibenzoylmesitylenic acid of melting point 174°, which, on 
oxidation, gives the two dibenzoyluvitic acids, must be the unsym- 
metrical acid of formula III: 


CH, 
O,H, CO” Yoo OH, 
CO,H 
\/ 

x a’ 
CH CO,H | * 
O,H,*CO/ \CO-0,H, (,H,‘C0/ YCO-0,H, 

Co “AL fm iH Co,H| ou, 


I, Il. 
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The dibenzoylmesitylenic acid of melting point 222°, which, on 
oxidation, gives only one dibenzoyluvitic acid, must be the symmetrical 
acid of formula IV : 


00,H 00,H 
O,H,-CO/” \co-c,H, i C,H,:CO/” c0-C,H, 
cH cH, co,H\ ou, 

IV. IL 


It therefore follows that dibenzoyluvitic acid melting at 213° is 
the unsymmetrical acid (formula II), and that melting at 262° is the 
symmetrical compound (formula I). 


EXPERIMENTAL. 
Preparation of Dibenzoylmesitylene. 


One hundred grams of aluminium chloride are rapidly pounded and 
covered with 250 c.c. of dry carbon disulphide. Eighty-five grams of 
benzoyl chloride are then added, and while the mixture is gently boiled 
under a reflux apparatus, 17 grams of mesitylene are slowly dropped in 
from a dropping funnel. The liquid at once assumes a brownish-red 
colour, 

After boiling for 14 hours (by which time the aluminium chloride 
has almost completely dissolved), the mixture is allowed to cool and 
then decomposed by pouring on to 1} kilos. of pounded ice. After 
treating with concentrated hydrochloric acid to dissolve the precipitated 
alumina, the carbon disulphide, containing the ketone and the excess 
of benzoyl chloride in solution, is separated, hydrochloric acid added, 
and the mixture heated in a current of steam—the heating must be 
continued for at least half-an-hour after the carbon disulphide has been 
driven over to ensure complete decomposition of the benzoyl chloride. 

After cooling somewhat, the crude ketone sets to a solid brown mass 
at the bottom of the flask, from which the warm dilute acid, containing 
much benzoic acid in solution, can be poured away. Dilute caustic 
soda is then added and the mixture again heated with steam just long 
enough to ensure thorough agitation of the melted ketone with the 
hot soda. 

After cooling, the crude ketone is dissolved in hot alcohol, from which 
it crystallises in somewhat pinkish plates. When recrystallised from 
alcohol, it is sufficiently pure for use in further operations. 

The yield is about 70 per cent. of the theoretical, but for the success 
of the preparation it is absolutely essential that all the material be of 
the very best quality. 

To obtain the ketone perfectly pure, it must be distilled in a vacuum, 
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It boils at 275—-285° under 19 mm. pressure. The resinous mass thus 
obtained is crystallised from light petroleum and then from alcohol, 
and forms beautiful, white plates which melt at 117°. On analysis: 


0°1748 gave 0°5372 CO, and 0:0960 H,O. C=83'8; H=6:l. 
C.,H,,O, requires C= 84:1 ; H=6:1 per cent. 


Dibenzoylmesitylene also crystallises well from carbon disulphide or 
glacial acetic acid. In ether, benzene, or chloroform, it is extremely 
soluble. 

To Louise’s account of its properties, there is nothing to add. 


Oxidation of Dibenzoylmesitylene. 


The ketone is boiled in quantities of 20 grams with 40 c.c. of nitric 
acid, sp. gr. 1°5, diluted with 160 ¢.c. of water to which are added 
240 grams each of potassium and sodium nitrates. The boiling is 
continued for 6 hours, the temperature assumed by the mixture being 
125°. 

When cold, the mixture is extracted with ether, the ethereal solution 
washed free from nitric acid by careful treatment with dilute caustic 
soda, and finally with water ; the acids formed are then removed from 
unaltered ketone and nitro-derivatives by shaking with dilute sodium 
carbonate solution. The resulting solution is just neutralised with 
hydrochloric acid, the carbon dioxide expelled by gently warming under 
reduced pressure, and excess of calcium chloride solution then added. 

A considerable quantity of a yellowish-white, gummy, calcium salt 
is then precipitated, which, on vigorous stirring, adheres completely to 
the sides of the vessel, so that the clear mother liquor can readily be 
pouredaway. ‘The latter contains the soluble calcium salts of the two 
dibenzoyluvitic acids together with some dibenzoyltrimesic acid. It is 
best worked up together with the oxidation product of as-dibenzoyl- 
mesitylenic acid. 

The mixture of dibenzoylmesitylenic acids is isolated from the gummy 
calcium salt by shaking with hydrochloric acid and ether. The residue 
from the ether is fractionally crystallised from ethyl] acetate. 

In this way, from 320 grams of dibenzoylmesitylene, 5 grams of an 
acid melting at 219° were obtained. This is symmetrical dibenzoyl- 
mesitylenic acid. 

The acid contained in the mother liquors was obtained in crystalline 
form by evaporating off the ethyl acetate and allowing the residyes to 
cerystallise from glacial acetic acid. Unsymmetrical dibenzoylmesitylenic 
acid separates in a finely crystalline condition, but crystallisation takes 
place remarkably slowly, separation not being complete until after the 
lapse of several days. 
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as-Dibenzoylmesitylenic Acid, 
CH, 


C,H,*CO CO-0,H, . 
CO,H CH, 
After two or three recrystallisations from glacial acetic acid and 
then from alcohol, the pure acid was obtained as a white, crystalline 


powder melting at 174—175°. 
On analysis : 


0°1242 gave 0°3515 CO, and 0°0556 H,O. C=77:12; H=4:98. 
C,,H,,0, requires C=77°09 ; H=5-03 per cent. 


The acid dissolves with great readiness in ether, ethyl acetate, 
acetone, chloroform, or carbon disulphide ; it is less soluble in alcohol, 
glacial acetic acid, or benzene, whilst in water or light petroleum it is 
almost insoluble. 

The sodium salt of the acid crystallises in silky needles from a 
strong solution of the acid in sodium carbonate ; it can be purified by 
recrystallisation from a small quantity of water and is anhydrous: 


0:2690 gave 0°0516 Na,SO,. Na=6:20. 
C,,H,,0,Na requires N = 6:05 per cent. 


The calcium salt is obtained, as already stated, as a transparent, 
gummy mass by precipitating a solution of the sodium salt with 
calcium chloride. It is soluble in alcohol and, to some extent, in 
ether. 

The magnesium salt resembles the calcium salt. The barium, zine, 
lead, copper, silver, and ferric salts are precipitated on treating a solu- 
tion of the ammonium salt with solutions of the salts of these metals. 

Methyl as-Dibenzoylmesitylenate.—A solution of the acid in methyl 
alcohol is saturated with hydrogen chloride and then boiled for 2 hours 
in a slow current of the gas. The ester is separated by dilution with 
water and extraction with ether in the usual way. 

The residue from the dried ethereal solution, on crystallisation from 
alcohol, deposits the ester in radially striated masses. After repeated 
crystallisation from alcohol, it melts at 125—126°. 

On analysis : 


0°1192 gave 0°3377 CO, and 0:0560 H,O. C=77:26; H=5-22. 
C,,H.,O, requires C=77°42 ; H =5:37 per cent. 


The ester is readily soluble in the common organic solvents with 
the exception of light petroleum and cold methyl or ethyl alcohol. 
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s-Dibenzoylmesitylenic Acid, 
CO,H 


The substance obtained by fractionally erystallising the acid obtained 
from the gummy calcium salt from ethyl acetate was further repeatedly 
recrystallised from alcohol and then from glacial acetic acid. The 
product melted apparently constantly at 220°, but in a series of con- 
cordant analyses the carbon was found almost 1 per cent. too low. 
Since the amount of substance was becoming too small for complete 
purification in this way, it was dissolved in a solution of sodium car- 
bonate and allowed to crystallise. The sparingly soluble sodium salt 
separated out as a beautiful mass of somewhat thick needles. It was 
recrystallised from a solution of sodium carbonate, in which it seemed 
to be distinctly less soluble than in water. 

The acid, separated from the recrystallised salt and crystallised from 
methyl alcohol, melted at 221—222°, and now gave, on analysis, 
results in satisfactory accord with those required for the formula 
O2gH 50, : 

0°1464 gave 0°4127 CO, and 0°0673 H,O, C=76:9; H=5:l. 

C.3H,.0, requires C=77'1 ; H=5-0 per cent. 


The acid crystallises best from ethyl or methyl alcohol. It can also 
be recrystallised from ethyl acetate or glacial acetic acid and is fairly 
soluble in ether. 

A solution of the sodium salt gives sparingly soluble, amorphous 
precipitates with the soluble salts of silver, copper, lead, and iron. 
The magnesium, calcium, barium, and zine salts separate slowly, in 
crystalline form, on adding a solution of a salt of the respective metal 
to a solution of the sodium salt of the acid. 


The Relative Rates of Esterification of the Two Dibenzoylmesitylenic 
Acids. 


As it seemed of some interest to gain an idea as to the amount of 
obstruction offered by the benzoyl groups to esterification, an attempt 
was made to compare the rates of esterification of the two dibenzoyl- 
mesitylenic acids under comparable conditions. 

Unfortunately, the experiment was marred by the sparing solubility 
of the symmetrical acid in methyl alcohol, a portion having crystallised 
out during the esterification, but the result, nevertheless, served to 
show that diortho-substitution by two benzoyl groups produces a 
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retardation of the rate of esterification, which, although quite distinctly 
marked, is yet very small in comparison with that produced by such 
groups as CH,, Cl, or NO,, 

The experiment was carried out at the ordinary temperature, with 
sulphuric acid as catalyser in place of the much less convenient hydro- 
chloric acid. 

05 gram of each acid was dissolved in 20 c.c, of methyl alcohol, to 
each 4 c.c, of concentrated sulphuric acid were added slowly with 
cooling, and the mixtures were then allowed to stand side by side for 
16 hours. 

It was found that the amount of symmetrical acid which had crys- 
tallised out was 0'l gram. This was filtered off and the esters were 
separated by dilution with water and extraction with ether in the 
usual way and weighed after removal of the ether. The unesterified 
acids were also similarly isolated, and weighed as a check on the 
result, The yields were: 


s-Acid as-Acid. 
ae eee POR ee 0°15 0:24 
p RRR reer Morea 0°25 0°28 


Acid cryst, during expt. 0-1 — 
H. Goldschmidt has shown (Ber., 1895, 28, 3218) that for esterifi- 
cation in this way in the presence of a large excess of alcohol, the 
formula for the unimolecular reaction, 


k= Nog : : 
t a-@& 


is applicable. This gives for the esterification velocity of the s-acid 
referred to that of the as-acid as 1: 0°76 or 1 to 0°58, according as it 
is assumed that the quantity of acid which crystallised out was absent 
from or present in the reaction mixture during the whole period of 
reaction. The actual number will thus probably lie in the neighbour- 
hood of 0°65. 


Oxidation of s-Dibenzoylmesitylenic Acid. 


One gram of the acid was dissolved in 20 c.c. of hot dilute sodium 
carbonate and added to a molecular proportion of potassium perman- 
ganate (0°88 gram) dissolved in 10 c.c. of boiling water. The mixture 
was kept hot in the water-bath and became decolorised in about half- 
an-hour. 

The manganese dioxide was filtered off, the filtrate concentrated to 
6—8 c.c., and allowed to stand overnight in order to allow the 
unoxidised acid to separate in the form of its sparingly soluble sodium 
salt. The small quantity of this which crystallised out was filtered 
off and the filtrate was acidified and extracted with ether. The 

472 
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residue from the ethereal solution was dissolved in 15 c.c. of methyl 
alcohol and treated with hydrogen chloride on the water-bath. 

No separation of the sparingly soluble ester of s-dibenzoyluvitic 
acid took place. 

The ester formed was isolated and crystallised several times from 
methyl alcohol. In this way could be isolated a less soluble fraction 
melting sharply at 187°. This is the methyl ester of dibenzoyltrimesic 
acid. 

The more soluble fractions were saponified by treating for 2 hours 
in the cold with methyl alcoholic potash. The mixture was diluted, 
the alcohol boiled away, and the solution acidified with dilute sulphuric 
acid and extracted with ether. The ethereal solution was concentrated 
to a small volume and the acid allowed to crystallise. It already 
melted at 211°. 

It was recrystallised from glacial acetic acid and found to be 
identical with the as-dibenzoyluvitic acid obtained by oxidising as-di- 
benzoylmesitylenic acid—in particular the melting point of a mixture 
of the two preparations was the same as that of either separately. 

Hence the oxidation of the dibenzoylmesitylenic acid melting at 
222° by a molecular proportion of potassium permanganate results in 
the production of only one dibenzoyluvitie acid (the as-acid) together 
with a small quantity of dibenzoyltrimesic acid. 


Oxidation of as-Dibenzoylmesitylenic Acid. 


A boiling solution of 10 grams of the acid in 100 c.c. of dilute 
sodium carbonate solution was poured into a boiling solution of 8°8 
grams of potassium permanganate in 100 c.c. of water and the mix- 
ture kept hot in the water-bath until decolorisation had taken place. 
This required about half-an-hour. After removal of the manganese 
dioxide, the filtrate was neutralised, concentrated somewhat, and 
mixed with a solution of calcium chloride to precipitate the unoxidised 
acid in the form of its gummy calcium salt. 

The filtrate was acidified, extracted with ether, and the ethereal 
solution dried by shaking for a short time with fused calcium chloride 
and then evaporated. The residue, dissolved in methyl] alcohol, was 
treated with hydrogen chloride on the water-bath for two or three 
hours after saturation had taken place, The sparingly soluble ester of 
s-dibenzyluvitic acid soon began to separate from this hot solution. 

After standing overnight, the crystalline ester was filtered off and 
washed with methyl alcohol. The more soluble ester of as-dibenzoyl- 
uvitic acid was isolated from the mother liquor by dilution with water, 
extraction with ether, and treatment with sodium carbonate in the 
usual way. 
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In one experiment, 10 grams of as-dibenzoylmesitylenic acid yielded 
4°85 grams of sparingly soluble ester, 3°35 grams of soluble ester, and 
1:43 grams of unesterified acid. 

Methyl s-dibenzoyluvitate, (C,H,*CO),C,H(CH,)(CO,°CH,),.—The 
sparingly soluble substance obtained by esterification of the above- 
mentioned oxidation product consists mainly of this ester, but it con- 
tains also some of the ester of dibenzoyltrimesic acid, which is formed, 
to a limited extent, by the further oxidation of the two dibenzoyluvitic 
acids. It may be obtained free from the latter by recrystallisation 
successively from methyl alcohol, chloroform, and methyl alcohol 
again, and then forms small, white needles melting at 252°. It is very 
sparingly soluble in alcohol or ether (100 c.c. of alcohol dissolves 
0°03 gram at the ordinary temperature), but dissolves much more 
readily in chloroform, and with the greatest ease in the other common 
organic solvents, excepting light petroleum. 

On analysis : 


0°1259 gave 0°3328 CO, and 0°0547 H,O. C=72'1; H=4°8. 
C,,;H,,0, requires C=72'1 ; H=4'6 per cent. 


s-Dibenzoyluvitic Acid.—Finely divided methyl dibenzoyluvitate is 
suspended in hot alcohol and treated with an excess of a hot mixture 
of three volumes of alcohol with one of concentrated aqueous potash. 
The presence of water is necessary to prevent the precipitation of the 


potassium salt of the acid, which is sparingly soluble in alcohol. The 
ester rapidly goes into solution, and after standing for some time, 
saponification is complete. The acid is isolated by neutralising the 
product with dilute sulphuric acid, boiling off the alcohol, acidifying 
the residue, and taking up in ether. The residue from the ether is 
crystallised a few times from glacial acetic acid. The acid is thus 
obtained in prismatic crystals which melt at 262° and contain 2 mols, 
of water of crystallisation : 


0°3008, at 140°, lost 0°0251 H,O. H,O=9°1. 
C,,H,,0,,2H,O requires H,O = 9°3 per cent. 


The dried acid gave the following results on combustion : 


0°1303 gave 0°3391 CO, and 0:0482 H,O. C=70°9; H=4:1. 
C,,H,,0, requires C=71'1 ; H=4:1 per cent. 

The acid dissolves very readily in alcohol, ether, ethyl acetate, or 
acetone, but is somewhat sparingly soluble in glacial acetic acid, and 
very sparingly so in chloroform or benzene. 

The zinc and magnesium salts are soluble, and the calcium and 
barium salts sparingly so in water. Those of copper, iron, lead, and 
silver are formed as amorphous precipitates by treating the ammonium 
salt of the acid with a soluble salt of the appropriate metal. 
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CO,H 


as-Dibenzoyluvitic Acid, C,H,*CO CO-C,H, . 
00,H\ CH, 


The readily soluble ester obtained by esterifying the product of the 
oxidation of as-dibenzoylmesitylenic acid is saponified by treating its 
solution in methyl alcohol with an excess of methyl alcoholic potash. 

Saponification takes place readily in the cold. After 6 hours, the 
mixture is diluted with water and heated on the water-bath to drive 
off the methyl alcohol ; it is then acidified, and the acid extracted with 
a considerable volume of ether and purified as described under the 
oxidation of s-dibenzoylmesitylenic acid. It is obtained from its solu- 
tion in glacial acetic acid as a fine, crystalline powder, from alcohol as 
fine, matted, silky needles, and melts at 213°: 


0°1098 gave 0°2855 CO, and 0°0412 H,O. C=70°9; H=4:2. 
C,,H,,0, requires C=71°1 ; H=4'l per cent. 


It is almost insoluble in chloroform or benzene, very sparingly soluble 
in ether, and sparingly so in glacial acetic acid. It is very soluble 
in acetone. In alcohol, it dissolves readily, but crystallises well from 
the somewhat concentrated solution. 

The lead, copper, and silver salts of the acid are sparingly soluble 
and the calcium, barium, zinc, and magnesium salts are soluble in 
water. 

Dibenzoyltrimesic Acid, (CgH,*CO),C,H(CO,H),. 

Dibenzoylmesitylenic acid is dissolved in sodium carbonate and 
heated with a slight excess of potassium permanganate for 2—3 hours 
until decolorisation has taken place. The manganese dioxide is filtered 
off and the filtrate acidified with dilute sulphuric acid. The precipitate, 
which forms at once, is filtered off, and dibenzoyltrimesic acid then 
separates out slowly in the course of several hours. It is obtained 
pure by redissolving in alkali, repeating the above process, and then 
crystallising from glacial acetic acid. 

The pure acid melts at 249—250° It crystallises from water in 
rosettes of needles. The crystallised acid contains 1} mols. of water 
of crystallisation : 


0°3817 air-dried acid lost, at 170°, 0°0222 H,O. H,O=6:2. 
C,,H,,0,,1}H,O requires H,O=6°4 per cent. 

The anhydrous acid is a hygroscopic powder. 

On analysis : 

0°1412 gave 0°3410 CO, and 0:047 H,O. C=65°9; H=3°7. 
C,,H,,0, requires C=66°0 ; H= 3°35 per cent. 
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The acid is very sparingly soluble in chloroform or benzene and 
somewhat sparingly so in cold glacial acetic acid. Alcohol or ether 
dissolves it readily. Boiling water takes it up in fair quantity, but 
deposits the greater part again on cooling. 

The calcium salt may be obtained as a slowly crystallising syrup 
by boiling the acid with calcium carbonate until neutral, filtering, 
and concentrating. A solution of the calcium salt in water remains 
clear when treated with solutions of barium or magnesium salts, but 
gives precipitates with those of silver, copper, or lead. 


Dihydroxydibenzylmesitylene, (CH,),0,H[CH(OH)-C,H,],. 


Twenty grams of dibenzoylmesitylene are dissolved in 700 c.c. of 
alcohol and boiled for 4—5 hours with 200 grams of zine dust, 
with the occasional addition of a few c.c. of concentrated aqueous 
potash. The zinc dust is filtered off, the alcoholic solution concen- 
trated, and the reduced product then precipitated by the addition 
of water and taken up in ether. The ethereal solution is dried and 
evaporated and the residue distilled at a pressure of less than 50 mm. 
The distillate goes over mainly between 320° and 330°; it is a resin- 
ous, amber-coloured mass, which has not yet been obtained crystalline. 
It is very soluble in all organic solvents with the exception of light 


petroleum. 


Dibenzylmesitylene, (CH,),C,H(CH,°C,H,).. 


Ten grams of dihydroxydibenzylmesitylene were heated with 
200 e.c. of hydriodic acid (b. p. 127°) and 2 grams of yellow phos- 
phorus for 3—4 hours in a reflux apparatus. The mixture was 
diluted and extracted with ether ; the ethereal solution, washed free 
from hydriodic acid and dried with potash, was evaporated and the 
residue distilled under 20—30 mm. pressure. The hydrocarbon 
went over almost completely at 280° as a clear, faintly greenish- 
yellow, viscous liquid, which crystallised on standing. 

After repeated recrystallisation from alcohol, it was obtained in 
the form of beautiful, highly refractive crystals melting at 89°. 

On analysis: 


0°1005 gave 0°3382 CO, and 0:0710 H,O. C=91:8; H=78. 
C.,H,, requires C= 92°0 ; H=8:0 per cent. 


The vapour density was determined by Victor Meyer’s air-displace- 
ment method at the temperature of boiling sulphur. In an atmo- 
sphere of nitrogen (in which the experiments were carried out), the 
substance is perfectly stable at this temperature : 
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0°1000 gave 7:45 c.c. at 13° and 756mm. Density = 159. 
01050 , 76 , +15 ,, 757 ,, Density=165. 
C.,H,, requires density = 150. 


Dibenzylmesitylene is soluble in all the common organic solvents, 
including light petroleum. It is best crystallised from alcohol, in 
which it is only sparingly soluble in the cold. 


Part of the expense incurred in this work was defrayed by a grant 
made by the Research Fund Committee of the Chemical Society, for 
which the authors desire to express their indebtedness. 
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CXXXIV.—The Chlorination of the Dichlorotoluenes in 
Presence of the Aluminium-Mercury Couple. The 
Constitution of the Trichlorotoluenes. 


By Jutius B. Conen and Henry D. Dakry. 


THE present research is an extension of a previous investigation on 
the chlorination products of toluene (Trans., 1901, '79, 1111). It was 
shown that five out of six possible dichlorotoluenes were produced by 
the direct action of chlorine on toluene in the presence of a carrier ; and 
we have now investigated the further action of chlorine on these 
substances, A historical summary of investigations on this subject 
has already been given (Joc. cit.), so that it is unnecessary to do more 
than briefly to state the results of previous observers. Limpricht 
(Annalen, 1866, 139, 303) obtained a trichlorotoluene melting at 73°, 
whilst Aronheim and Dietrich (Ber., 1875, 8, 1401) obtained the same 
substance, together with a liquid which they considered to be an iso- 
meric trichlorotoluene. Since all the trichlorotoluenes are solid at the 
ordinary temperature, the latter substance must have been impure. 
The solid trichlorotoluene, which was probably mainly composed of 
2: 4 :5-trichlorotoluene, was also obtained by Schultz (Annalen, 1877, 
187, 274). Seelig (Annalen, 1887, 237, 133) succeeded in isolating two 
trichlorotoluenes, and these are the only two compounds which have any 
claim to be regarded as pure substances. Both trichlorotoluenes were 
produced by the chlorination of either o- or p-chlorotoluene, and were 
separated by fractional sulphonation, Their constitution was deter- 
mined as follows. The trichlorotoluene, m. p. 41°, gave a dinitro-com- 
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pound which was reduced to the corresponding diamine. This sub- 
stance yielded an anhydro-base on boiling with acetic anhydride, 
indicating that it was an ortho-diamine, whence it follows that the 
parent substance is 2: 3: 4-trichlorotoluene : 
CH, CH, 
NH,/ cl n/ Nol 
> yH Jor > CHCl Jor 
ms Vv 
Cl Cl 


In a similar way, the trichlorotoluene, m. p. 82°, gave a base which 
on oxidation yielded a quinone, indicating that it was a para-diamine, 
from which it follows that the parent substance is 2: 4 : 5-trichloro- 
toluene : 


CH, 


O: Cl 
:O 
Cl 


It has previously been shown that 2: 6-dichlorotoluene is one of the 
products of chlorination of toluene, and it is difficult to imagine that 
this substance would give either of the above trichlorotoluenes upon 
chlorination ; it appeared probable that some trichlorotoluenes may 
have been overlooked by previous observers. 

Since, as previously stated, five out of a possible six dichlorotoluenes 
are produced during the chlorination of toluene, we have used these 
pure dichlorotoluenes asa starting point for further chlorination. By 
this means, the number of isomerides which can be formed in each 
case is greatly reduced, and the possibility of detecting the different 
trichlorotoluenes is correspondingly increased. The products of chlor- 
ination, which are all solid at the ordinary temperature, were separ- 
ated and identified by means of their melting points and by the melt- 
ing points of their dinitro-derivatives and of the trichlorobenzoic acids 
which they give on oxidation. In order to compare the products thus 
obtained with pure substances of known constitution, we have syn- 
thesised the six trichlorotoluenes and have obtained from them the 
nitro- and dinitro-derivatives and the trichlorobenzoic acids. 

Our results may be summarised as follows. The five dichlorotoluenes 
known to be produced by the chlorination of toluene give when 
further chlorinated three, and probably four, trichlorotoluenes. Thus 
out of fifteen mono-, di-, and tri-chlorotoluenes theoretically possible, 
no less than eleven have been isolated from the products of* the 
chlorination of toluene. 3: 5-Dichlorotoluene, which is not formed by 
the direct chlorination of toluene, gives rise to a fifth trichlorotoluene 
when further chlorinated. 
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The progressive chlorination of toluene is represented in the accom- 
panying diagram, the arrows indicating the compound produced by the 
further action of chlorine. 


Chlorination of toluene. 


We are already engaged upon the investigation of the tetrachloro- 
toluenes, and so defer drawing any theoretical deductions until that 
part of the work is completed. 
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EXPERIMENTAL. 


For purposes of reference the experimental] part is divided into the 
following sections : 

(I) Preparation of the six trichlorotoluenes and their derivatives. 

(II) Chlorination of the six dichlorotoluenes, 


I.—Preparation of the Six Trichlorotoluenes and their 
Derivatives. 


2:3:4-Trichlorotoluene. 


2:3:4-Trichlorotoluene was prepared from 4-nitro-2 : 3-dichloro- 
toluene. It was found that the dinitro-compound obtained by nitrat- 
ing 2 : 3-dichlorotoluene (Trans., 1901, '79, 1128) gave a base, on reduc- 
tion with tin and hydrochloric acid, which had the properties of a 
meta-diamine, indicating that the constitution of the dinitro-compound 
must be represented thus : 


The regulated nitration of 2 : 3-dichlorotoluene gives rise to a mono- 
nitro-derivative, which must therefore be represented by one of the 
following formule : 


a 
or i y 


On reducing this nitro-compound and substituting chlorine for the 
amino-group, a trichlorotoluene was obtained which was not identical 
with 2:3:6-trichlorotoluene prepared by other methods, and must 
therefore be the 2:3:4-compound. The trichlorotoluene agreed in all 
respects with the trichlorotoluene obtained by Seelig by the chlorina- 
tion of both o- and p-chlorotoluenes, to which, for reasons already 
given, he also ascribed the 2: 3 : 4-constitution. 

A better method than that previously described for the preparation 
of 2:3-dichloro-4-nitrotoluene is to dissolve 2: 3-dichlorotoluene in 
slightly more than its own volume of fuming nitric acid, keeping the 
mixture cool. After some time, water is added, and the precipitated 
nitro-compound filtered off and crystallised from alcohol. The nitro- 
group was reduced by means of tin and hydrochloric acid, the reaction, 
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which is very vigorous, being completed by warming on the water-bath. 
Excess of caustic soda was then added, and the base separated by 
steam distillation. The base readily solidifies and melts at 40—42°. 
It is very soluble in alcohol, and forms a finely crystalline hydro- 
chloride. 

The acetyl derivative, C,H,Cl,-NH*CO-CH,, was prepared by heat- 
ing the substance with acetic anhydride, and crystallised well from 
alcohol in needles melting at 128—129°. On analysis: 


0°1085 gave 0°1421 AgCl. Cl=32°4. 
C,H,ONCIl, requires Cl = 32°5 per cent. 


The hydrochloride of the base was diazotised, and the amino-group 
replaced by chlorine in the usual way, using cold cuprous chloride 
solution. On distillation in a current of steam, a good yield of tri- 
chlorotoluene was obtained. It crystallised from alcohol in needles 
melting at 40—41°. 

2:3: 4-T'richloronitrotolwene—This substance was prepared by dis- 
solving the finely divided trichlorotoluene in cold fuming nitric acid. 
After some time, the nitro-compound was precipitated with water and 
crystallised from alcohol. Long, white needles melting at 60—61° 
were obtained, agreeing in properties with the compound previously 
described by Seelig. 

2:3:4-Trichloro-5 : 6-dinitrotoluene.—This substance was obtained 


by nitrating the trichlorotoluene as described by Seelig, and was 
crystallised from alcohol. White needles were obtained melting at 
140—141°. 

2:3:4-Trichlorobenzoic Acid.—The trichlorotoluene was oxidised 
with dilute nitric acid in a sealed tube at a temperature of 150°. After 
the usual purification, the substance crystallised from hot water in 
needles melting at 186—187°. On analysis : 


0°0659 gave 0°1265 AgCl. Cl=47°4. 
C,H,0,Cl, requires Cl=47°2 per cent. 


2:3: 4-Trichlorobenzoic acid has been described by Seelig as melting 
at 129°. He obtained it from trichlorobenzylidene chloride, which 
was converted into the aldehyde and then oxidised to the acid by 
means of potassium permanganate. The description given leads us to 
infer that his acid was impure, for, amongst other properties, the sub- 
stance melted under water at 80°, whereas the acid obtained from tri- 
chlorotoluene by means of nitric acid is solid at the temperature of 
boiling water. 
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2:3 :5-Trichlorotoluene. 


2:3 :5-Trichlorotoluene was prepared by two different methods. 

(a) Preparation from 3 : 5-dichloro-2-aminotoluene :—3 : 5-Dichloro- 
o-acetotoluidide is easily obtained by adding an excess of bleaching 
powder solution to o-acetotoluidide dissolved in five parts of glacial 
acetic acid. The oily “ nitrogen chloride” of 5-chloro-2-acetotoluidide 
is precipitated, and after separation and warming with acetic acid and 
a trace of sulphuric acid, is almost quantitatively converted into 
3 : 5-dichloro-2-acetotoluidide (Chattaway and Orton, Trans., 1900, '77, 
791). The acetyl group was removed by hydrolysing the compound 
with hydrochloric acid in a sealed tube at a temperature of 130°. The 
base was separated by addition of caustic soda followed by steam dis- 
tillation. The amino-group was replaced by chlorine by means of 
Sandmeyer’s reaction, using cold cuprous chloride solution. The tri- 
chlorotoluene was readily volatile in steam and was collected and frac- 
tionated under the ordinary pressure. Twenty-five grams of dichloro- 
acetotoluidide gave 20 grams of pure trichlorotoluene, boiling at 
229—231° under 757 mm. pressure. The substance solidified toa mass 
of hard crystals melting at 45—46° and crystallised readily from 
alcohol in the form of long, white needles. 

(6) Preparation from 3-nitro-5-chloro-2-aminotoluene :—m-Chloro-o- 
acetotoluidide is readily prepared either by the direct action of chlorine 
on o-acetotoluidide (Lellman and Klotz, Annalen, 1885, 231, 319) or by 
the action of sodium hypochlorite solution on o-acetotoluidide in pres- 
ence of sodium bicarbonate (Chattaway and Orton, Trans., 1900, '7’7, 
790). 

Claus and Stapelberg (Annalen, 1893, 274, 296) state that the nitra- 
tion of 5-chloro-o-acetotoluidide is invariably accompanied by the pro- 
duction of tarry matter. They succeeded in isolating a nitro-deriva- 
tive by working in sulphuric acid solution and separated the tarry 
matter by crystallisation from petroleum. Our experiments do not 
confirm these results. 5-Chloro-o-acetotoluidide may be readily nitrated 
by adding it in small portions at a time toa mixture of four parts of 
fuming nitric acid and one part of glacial acetic acid. The tempera- 
ture should be kept between 15° and 20°. After standing for a short 
time, the solution is poured on to ice and the precipitated chloronitro- 
acetotoluidide crystallised from alcohol. There is not the smallest 
appearance of tarry matter and the yield is excellent. 5-Chloro-3- 
nitro-2-acetotoluidide crystallises in white, prismatic needles melting at 
197—198°. 

Claus and Stapelberg recommend that the hydrolysis of the acetyl 
derivative should be effected by heating for 12—14 hours with alco- 


a 
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holic hydrochloric acid. It was found, however, that boiling the 
substance for a few minutes with sulphuric acid diluted with its own 
volume of water gave an equally satisfactory result. On diluting the 
acid solution, the base is precipitated and may be recrystallised from 
alcohol. The substance crystallises in fine, long, orange-yellow needles 
melting at 129—130°. It is noteworthy that the melting point of this 
base is very near to that of a substance obtained by Claus and Stapel- 
berg by treating the nitrate of 5-chloro-2-aminotoluene with strong 
sulphuric acid, and regarded by them as containing the nitro-group in 
the para-position. 

The chloronitroaminotoluene was converted into dichloronitrotoluene 
by means of Sandmeyer’s reaction. The product is readily volatile in 
steam and crystallises from alcohol in long, slender needles melting at 
54—55°. -On analysis: 


0°1125 gave 0°1575 AgCl. Cl=34°6. 
C,H,O,NCl, requires Cl = 34°4 per cent. 


The nitro-group was reduced by means of tin and hydrochloric acid. 
The solution was warmed for a short time to start the reaction, which 
subsequently proceeded vigorously. At first, a thick, solid mass separ- 
ated out, which nearly all went into solution on further addition of 
hydrochloric acid. Sodium carbonate was subsequently added until a 


ae. ae. a eee ee. ee 


small permanent precipitate was obtained, and the dichlorotoluidine 
then separated by distillation in steam. The base crystallised very 
readily from alcohol in tufts of white veneune melting sharply at 
69-—70°. On analysis: 


0:0360 gave 0°0582 AgCl. Cl=40-°0. 
C,H,NCl, requires Cl=40°3 per cent. 


The amino-group was replaced by chlorine, using the ordinary method, 
and the trichlorotoluene separated by steam distillation. The product 
melted sharply at 45—46°, and the melting point was unchanged by 
recrystallisation from alcohol. The yields throughout this rather long 
series of reactions were excellent, and the product was identical with 
that obtained by the more direct method. 

2:3: 5-Trichloronitrotoluene, C,H,Cl,*NO,.—This substance was 
prepared either by nitrating 2: 3 : 5-trichlorotoluene with a mixture of 
three parts of concentrated nitric acid (sp. gr. 1*4) and four parts of con- 
centrated sulphuric acid and heating the mixture; or, preferably, by 
dissolving the finely divided trichlorotoluene in cold fuming: nitric 
acid. The nitro-compound was precipitated by the addition of water, 
and after repeated crystallisation from alcohol or slightly diluted acetic 
acid, was obtained in felted masses of fine needles melting at 58—59°. 
On analysis : 
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0°1151 gave 0°2080 AgOl. Cl=44°6 
C,H,0,NCl, requires Cl = 44:2 per cent. 


2 :3:5-Trichloro-4 : 6-dinitrotoluene, C,H,Cl,(NO,)..—The addition of — 
six parts of fuming nitric acid and four parts of sulphuric acid to one 
part of trichlorotoluene resulted in the formation of the dinitro-com- 
pound, The substance crystallises well from a mixture of alcohol and 
glacial acetic acid in shining, flattened needles melting at 149—150°. 
On analysis : 

0°2028 gave 0°3006 AgCl. Cl=36°7. 

C,H,0,N,Cl, requires Cl = 37:2 per cent. 

2:3:5-Zrichlorobenzoic Acid.—Oxidation was effected by means of 
20 per cent. nitric acid in a sealed tube at a temperature of 140°. The 
acid crystallises best from large quantities of hot water and melts at 
162°. This trichlorobenzoic acid has also been obtained by Matthews 
(Trans., 1901, '79, 47) by the action of alkalis on the hexachloride of 
benzonitrile. The description of the properties of the substance there 
given accords with those of our preparation, and the synthesis of this 
acid from trichlorotoluene confirms the constitution arrived at by 
Matthews from indirect evidence. 


2:3 : 6-Zrichlorotoluene. 


The starting point for the preparation of 2:3 :6-trichlorotoluene 
was o-acetotoluidide, which was converted into 2: 3-nitrotoluidine by 
the method of Reverdin and Crépieux (Ber., 1900, 33, 2498). The 
2 : 3-nitrotoluidine was diazotised and converted into chloronitrotoluene 
by means of Sandmeyer’s reaction, and was then reduced with tin and 
hydrochloric acid to 2:3-chlorotoluidine. The latter was heated on 
the water-bath for an hour with an equal weight of acetic anhydride 
and converted into the acetyl derivative melting at 126—128%. A 
second chlorine atom was introduced by passing chlorine through the 
substance dissolved in ten times its weight of acetic acid. After a 
short time, crystals separated, and in spite of the large amount of 
solvent, the mass became pasty. When saturation was complete, water 
was added, when the crystals dissolved and a clear solution was ob- 
tained which soon became turbid through the deposition of a mass of 
needle-shaped crystals of the 2: 6-dichloro-3-acetotoluidide. The sub- 
stance was recrystallised from alcohol and forms long needles which 
melted at 120—122°. It was analysed with the following result: 


0°1038 gave 0°1381 AgCl. Cl=32°8. 
C,H,ONCI, requires Cl= 32:5 per cent. 


The acetyl compound was hydrolysed with strong hydrochloric acid 
at 130°, and the hydrochloride of the base, which was filtered off, was 
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converted into the trichlorotoluene by Sandmeyer’s reaction. The 
base is precipitated from the hydrochloride with alkali, and crystallises 
from dilute alcohol in colourless needles which melt at 59—60°. 
2:3:6-Trichlorotoluene crystallises from alcohol in colourless needles 
which melt at 45—46°. The position of the second chlorine atom was 
determined by replacing the amino-group in the dichlorotoluidine by 
hydrogen, using the method of Chattaway and Evans (Trans., 1896, 
69, 850). The liquid obtained in this way formed a dinitro-derivative 
which melted at 121—122°, this being the melting point of 2: 6-di- 
chlorodinitrotoluene. The various reactions offer no difficulties and 
the yields are good throughout. 

2:3:6-Trichloronitrotoluene, C,H,Cl,*NO,.—Finely divided 2:3 :6-tri- 
chlorotoluene was dissolved in cold fuming nitric acid. The nitro-com- 
pound was precipitated with water and crystallised several times from 
alcohol. The substance forms brilliant, long needles melting at 57—58°. 
On analysis: 


0°1148 gave 0:2050 AgCl. Cl=44'1. 
C,H,O,NCI, requires Cl = 442 per cent. 
2:3:6-Trichloro-4 : 5-dinitrotoluene, C,H,Cl,(NO,)..—This substance 
was obtained by nitration in the ordinary way, and crystallises from 
acetic acid in fine prisms melting at 140—142°. On analysis: 


03491 gave 05210 AgCl. Cl=36°9. 
C,H,0,N,Cl, requires Cl = 37-2 per cent. 


2:3:6-TZrichlorobenzoic Acid.—On oxidation in the usual way, the 
trichlorotoluene gave 2:3: 6-trichlorobenzoic acid, which crystallises 
from hot water in white, flaky crystals with a satin-like lustre and 
melts at 163—164°. On analysis: 


0:0578 gave 0°1110 AgCl. Cl=47°4, 
C,H,0,Cl, requires Cl= 47-2 per cent. 


2:4:5 Trichlorotoluene. 


(a) Preparation from m-acetotoluidide :—m-Acetotoluidide was 
chlorinated with bleaching powder solution in presence of acetic acid. 
The reaction is similar to the chlorination of o-acetotoluidide, studied 
by Chattaway and Orton (Trans., 1900, '77, 791). 

A solution of 20 grams of m-acetotoluidide dissolved in 80 c.c. of 
glacial acetic acid was added to a filtered solution of 35 grams of 
bleaching powder in 600 c.c. of water. A heavy oil separated out 
and a considerable rise in temperature was noted. The oil was pre- 
sumably the ‘nitrogen chloride” of 6-chloro-3-acetotoluidide, On 
standing, the oil was converted into a hard, white, crystalline mass, 
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which was filtered off and repeatedly crystallised from 80 per cent. 
alcohol. The substance crystallised in fine, long, white needles melting 
at 156—157°, and was evidently the same substance as that obtained 
by Reverdin and Crépieux (Ber., 1900, 33, 2503) by treating m-aceto- 
toluidide with sodium chlorate in hydrochloric and acetic acid solution. 
The acetyl compound was readily hydrolysed with 50 per cent. 
sulphuric acid. On heating, the substance at first dissolved, and on 
subsequent warming on the water-bath, white crystals of the sulphate 
of the base separated out from solution. The base was separated by 
addition of caustic soda followed by distillation in steam. The yield 
amounted to 8 grams of dichlorotoluidine. 

The amino-group was replaced by chlorine in the usual way and 
the trichlorotoluene purified by distillation in steam. The substance 
crystallised from alcohol in long, white needles melting at 81—82°. 

(6) Preparation from m-chloro-p-toluidine :—3-Chloro-4-aminotoluene 
was prepared from p-acetotoluidide as described on p. 1336. Excess of 
dilute nitric acid was added to the base and the crystalline nitrate 
filtered off and thoroughly dried. The nitration was carried out as 
described by Claus and Davidsen (Annalen, 1891, 265,'343) by adding 
the nitrate in small portions at a time to cold concentrated sulphuric 
acid. After some time, the chloronitrotoluidine was separated by 
pouring the solution on to ice, The amino-group was replaced by 
chlorine by the ordinary method, and on steam distillation a good yield 
of 6-nitro-3 : 4-dichlorotoluene was obtained. This substance crystal- 
lised from alcohol in needles melting at 63—64° and was apparently 
identical with the product obtained by the nitration of 3 : 4-dichloro- 
toluene (Trans., 1901, '79, 1113). 

The nitro-group was reduced by means of stannous chloride and the 
base separated by addition of caustic soda followed by distillation in 
steam. The base crystallised from alcohol in plates possessing a silky 
lustre and melted at 100—101°. Onanalysis: 


0°1213 gave 01965 AgCl. Cl=40°0. 
C,H,NCl, requires 40°2 per cent. 


The amino-group was replaced by chlorine and the trichlorotoluene 
purified by distillation in steam. The substance crystallised from 
alcohol in long, white needles melting at 81—82°. 

(c) Preparation from p-nitro-o-toluidine :—p-Nitro-o-toluidine is most 
easily prepared by the following method, which is a modification of 
that described by Green and Lawson (Trans., 1891, 59, 1013). 

The o-toluidine is poured into ten times its weight of concentrated 
sulphuric acid and cooled to 5° in a freezing mixture. The same 
weight as the toluidine taken of finely powdered potassium nitrate 
is gradually added, so that the temperature rises to 10° and remains 
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about that point. The process can be conducted pretty rapidly. 
Finally, a few c.c. of fuming nitric acid are added to complete the 
reaction, the end point being easily observed by watching the 
temperature of the mixture, which suddenly begins to fall. The 
viscid solution is at once poured on to a small block of ice, when a 
crystalline mass of the sulphate ‘of the base separates and is drained 
from excess of acid. The sulphate is then dissolved in water, 
decomposed with sodium carbonate, and the base filtered off and 
crystallised from alcohol. The yield is rather more than the weight 
of the toluidine taken. The small quantity of 2: 6-nitrotoluidine 
which is formed remains in the mother liquors. 

The nitrotoluidine was converted into 2-chloro-4-nitrotoluene in 
the ordinary way, the product being about equal in weight to that of 
the base employed. The nitro-compound was reduced with stannous 
chloride and hydrochloric acid, the solution made alkaline with caustic 
soda, and extracted with chloroform, as distillation in steam reduces 
the yield; 38 grams of chloronitrotoluene gave 24 grams of chloro- 
toluidine. 

The nitrate of the base was prepared by adding 10 grams of the 
base to about 6 c.c. of strong nitric acid diluted with twice its volume 
of water until methyl-violet paper was turned green. The nitrate 
was filtered, washed with a little water, and thoroughly dried. Fourteen 
grams of nitrate were dropped into 37 c.c. of concentrated sulphuric 
acid cooled in a freezing mixture; the product was poured into water 
and the nitro-compound crystallised from alcohol. It melted at 
157—160°. It may be noted here that the original object of the 
last operation was to obtain 2:4: 6-trichlorotoluene, on the assump- 
tion that, by the nitration in strong sulphuric acid, the nitro-group 
would enter the meta-position relatively to the amino-group. The 
present reaction offers, therefore, an interesting exception to the 
general rule, for the nitro-group enters the o-position to the amino- 
group and the p-position to the chlorine atom. 

The replacement of the amino-group by chlorine requires double 
the calculated quantity of sodium nitrite, as the substance does not 
diazotise readily, but the yield is satisfactory. The 2 : 4-dichloro- 
5-nitrotoluene was reduced and then diazotised in the usual way. 
The crude trichlorotoluene melted at 75°; and after one crystallisa- 
tion from alcohol at 80—82°. 

That the third chlorine atom had entered position 5 was con- 
firmed by removing the amino-group in 2-chloro-5-nitro-4-amino- 
toluene, when chloronitrotoluene was formed, which melted at 45°, 
in agreement with the melting point of 2-chloro-b-nitrotoluene pre- 
pared by Goldschmidt and Hinig (Ber., 1886, 19, 2438) from 
5-nitro-2-aminotoluene, 


B ? 
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2:4:5-TZrichloronitrotoluene.—This substance crystallises well from 
alcohol in needles melting at 91—92°. Seelig gives 92° as the 
melting point. 

2:4 :5-Trichloro-3 : 6-dinitrotoluene.—This substance was prepared 
in the usual way and melts at 226—227°, as described by Seelig. 
It is sparingly soluble in acetic acid and only very slightly so in 
alcohol. 

2:4:5-Trichlorobenzoic Acid.—On oxidation with nitric acid, the 
trichlorotoluene gave 2: 4:5-trichlorobenzoic acid, which crystallises 
from dilute alcohol in masses of white, silky needles melting at 
162—164°. 


2:4: 6-TZrichlorotoluene. 


Symmetrical trichlorotoluene was obtained by the elimination of 
the amino-group from trichloro-m-acetotoluidide. 

m-Acetotoluidide is readily chlorinated by means of sodium chlorate 
and hydrochloric acid (Reverdin and Crépieux, loc. cit.). Twenty 
grams of m-acetotoluidide were dissolved in 80 c.c. of glacial acetic 
acid; a slight excess of concentrated hydrochloric acid was then 
added and the solution maintained at 15—25° while 26 grams of 
sodium chlorate dissolved in the minimum amount of water were in- 
troduced. After standing for some time, the trichloroacetotoluidide 
was precipitated by the addition of water and crystallised three 
times from alcohol. The substance crystallises well in white, 
glistening needles. It was found that boiling hydrochloric acid 
hydrolysed the compound very slowly at the ordinary pressure, whilst 
50 per cent. sulphuric acid was far more effective. On diluting the 
solution and distilling the acid liquid in steam, the base was carried 
over and at once solidified in the receiver. 

2:4:6-Trichlorotoluidine crystallises from alcohol in fine, white 
glistening needles melting at 77—78°. On analysis : 


0°1057 gave 0'2153 AgCl. Cl=50°4. 
C,H,NCl, requires Cl=50°5 per cent. 


The amino-group was removed by the method of Chattaway and 
Evans (Trans, 1896, 69, 850). The resulting trichlorotoluene is 
readily volatile in steam and crystallises from alcohol in long, white, 
shining needles melting at 33—34°. 

2:4: 6-Zrichloro-3-nitrotoluene.—This substance was prepared by 
nitrating the trichlorotoluene in the usual way and was crystallised 
from a mixture of acetic acid and alcohol. It forms white, waxy 
needles melting, not very sharply, at 54°. On analysis: 


0°0976 gave 0°1752 AgOl. Cl= 44-4. 
C,H,O,NCI, requires Cl = 44-2 per cent. 
4u2 
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2:4 :6-TZvrichloro-3 : 5-dinitrotoluene.—This substance readily crys- 
tallises from glacial acetic acid and melts at 178—180°. On analysis: 


0:1093 gave 0°1652 AgCl. Ol=37°3. 
C,H,0,N,Cl, requires Cl = 37°2 per cent. 


2:4:6-Trichlorobenzoic Acid.—On oxidation with dilute nitric acid, 
the trichlorotoluene was readily converted into the trichlorobenzoic 
acid, which after purification melted at 160—161°. This acid has also 
been prepared by Meyer and Sudborough (Ber., 1894, 27, 3152) from 
s-trichloroaniline. 


3:4: 5-Trichlorotolwene. 


This trichlorotoluene was prepared by two methods : 

(a) Preparation from dichloro-p-acetotoluidide :—The chlorination of 
p-acetotoluidide does not take place with the same ease and regularity 
which characterise that of the o- and m-compounds. Of the various 
methods proposed, the more important are: (i) the direct action of 
chlorine on an acetic acid solution of p-acetotoluidide (Lellmann 
and Klotz, Annalen, 1885, 231, 311); (ii) the action of bleaching 
powder solution on p-acetotoluidide dissolved in acetic acid, followed 
by conversion of the resulting nitrogen chloride into the chloro-base 
by means of acid (Chattaway and Orton, Trans., 1900, '77, 789) ; (iii) 
the action of sulphuryl chloride on p-acetotoluidide (Wynne, Trans., 
1892, 62, 1042). None of these methods is wholly satisfactory, and 
poor yields are the rule. In the course of some experiments on this 
subject, it was found that a yield of 80—83 per cent. of m-chlorotolu- 
idine could be obtained by chlorinating p-acetotoluidide dissolved in 
glacial acetic acid with sodium chlorate and hydrochloric acid. At 
first, finely powdered potassium chlorate was employed, but subse- 
quently it was found preferable to use a saturated solution of the very 
soluble sodium salt. If at the conclusion of the reaction the mixture 
be poured into water, a somewhat sticky mass separates, which solidi- 
fies after a short time, and from which considerable quantities of 
chloroacetotoluidide may be separated by careful crystallisation from 
alcohol. A much better plan, and one which gives a better yield and 
purer product, is to hydrolyse the crude acetyl derivative and separate 
the base by steam distillation. The following is a description of a 
typical experiment. 

Fifty grams of p-acetotoluidide were dissolved in 100 c.c. of glacial 
acetic acid and 150 c.c. of concentrated hydrochloric acid. The solu- 
tion was carefully cooled in ice and a cold solution of 15 grams of 
sodium chlorate dissolved in the minimum amount of water added in 
small portions at a time. After a further addition of 100 ce. of 
hydrochloric acid, the clear reddish solution was boiled for two hours 
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under a reflux condenser. The acid liquid was then distilled in steam, 
by which means a trace of oily impurity and some of the acetic acid 
were removed. On cooling and rendering the solution alkaline with 
sodium carbonate and subsequently resuming the distillation, 43 grams 
of crude chlorotoluidine were obtained. The oil was collected, dried 
over potassium carbonate, and fractionated. It distilled as follows : 


Below 220° 
220—225° 


Pure m-chloro-p-toluidine boils at 223—224°, and may be easily 
obtained by redistilling the large fraction boiling at 220—225° 
obtained above. 

A portion of the base was converted into the acetyl derivative 
which melted at 113°. The benzyl derivative was also prepared and 
melts at 137—139°. The latter substance is much more readily 
crystallised than the acetyl derivative. 

Although 3: 5-dichloro-p-acetotoluidide may be obtained by the 
direct chlorination of p-acetotoluidide, it is preferable to start with pure 
3-chloro-4-acetotoluidide prepared as just described. The further 
chlorination was carried out by means of sodium chlorate, in the 
same way as in the preparation of monochlorotoluidine. The dichloro- 
acetotoluidide was purified by crystallisation from alcohol and melted 
at 199°. The yield amounted to 47 per cent. of the theoretical 
amount. Lellmann and Klotz obtained small quantities of the same 
compound by the direct chlorination of p-acetotoluidide. 

It may be here mentioned that, by the further action of sodium 
chlorate and hydrochloric acid, 2:3 :5-trichloro-4-acetotoluidide, 
C,H,Cl,NH-CO:CH,, melting at 179°, may be prepared. It crystal- 
lises from alcohol in colourless needles. On analysis: 


01000 gave 01693 AgCl. Cl=41°9. 
C,H,ONCI, requires 421 per cent. 


The hydrolysis of the dichloro-p-acetotoluidide was effected by heat- 
ing with concentrated hydrochloric acid in a sealed tube at a tempera- 
ture of 130°. The amino-group was replaced by chlorine, and the 
trichlorotoluene separated by steam distillation. The substance melts 
at 44:-5—45°5°. The conversion of dichloroacetotoluidide into tri- 
chlorotoluene is almost quantitative. 

(6) Preparation from m-chloro-m-nitro-p-acetotoluidide. 3-Chloro-4- 
acetotoluidide is readily converted into a nitro-derivative when dis- 
solved in a mixture of fuming nitric acid and glacial acetic acid (Claus 
and Davidsen, Annalen, 1891, 265, 344). Fifteen grams of 3-chloro- 
4-acetotoluidide, prepared as previously described, were added in small 
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portions at a time to a mixture of 15 grams of glacial acetic acid and 
60 grams of fuming nitric acid. The temperature was maintained at 
about 20°. On pouring the solution into water and crystallising the 
product from alcohol, the nitro-compound was obtained in the form of 
fine needles as described by Claus and Davidsen. Hydrolysis was 
easily effected with boiling hydrochloric acid. 3-Chloro-5-nitro-4-amino- 
toluene is slightly soluble in water, and distils slowly in steam from 
both acid and alkaline solutions. It crystallises well from alcohol in 
orange needles melting at 72—73°. The amino-group was replaced by 
chlorine, and the dichloronitrotoluene distilled in steam. This sub- 
stance crystallises from alcohol in slightly yellow needles melting at 
49—50°. On analysis: 


0°1019 gave 0°1420 AgCl. Cl=34°4. 
C,H,O,NCl, requires Cl=34°4 per cent. 


The dichloronitrotoluene obtained was equal in weight to the chloro- 
nitrotoluidine taken. 

The nitro-group was reduced with stannous chloride and hydrochloric 
acid. On cooling the solution, after reduction was complete, crystals 
of the hydrochloride of the base were deposited. These were filtered 
off, washed with a little hydrochloric acid, and then distilled in steam 
with the addition of sodium carbonate. 


The base gave an acetyl derivative, C/H,Cl.NH-CO-CH,, crystal- 
lising from alcohol in needles melting at 158—159°. On analysis : 


0°1742 gave 02285 AgCl. C]=32°3. 
C,H,ONCI, requires Cl =: 32°5 per cent. 


The amino-group was replaced by chlorine, and after distillation in 
steam a good yield of trichlorotoluene resulted. The product thus 
obtained was identical with the trichlorotoluene prepared by the first 
method. The same substance has been obtained by Wynne (Trans., 
1892, 62, 1042) as a derivative of the products of the action of sulph- 
uryl chloride on p-acetotoluidide. 

3:4: 5-Trichloro-2-nitrotoluene.—This substance crystallises from 
alcohol in sparingly soluble prisms melting at 81—82°. On analysis: 


0°1000 gave 0°1770 AgCl. Cl=43°8. 
C,H,0,NCl, requires Cl = 44:2 per cent. 
3: 4:5-TZrichloro-2 : 6-dinitrotoluene.—The dinitro-derivative was 
prepared in the usual way. It crystallises from acetic acid in prismatic 


needles melting at 163—164°, and is very sparingly soluble in alcohol. 
On analysis : 


0°2045 gave 0°3048 AgCl. Cl=36°9. 
C,H,0,N,Cl requires Cl = 37-2 per cent, 
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3:4:8-Trichlorobenzoic Acid.—The trichlorotoluene is readily oxi- 
dised with dilute nitric acid at 130°. 
crystallises from dilute alcohol in white needles melting at 203°, as 
described by Claus and Bécher (Ber., 1887, 20, 1626). 


The melting points of the derivatives of the trichlorotoluenes are 
collected in the following table : 
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3: 4:5-Trichlorobenzoic acid 


Methyl=1. 
Cl: Cl: Cl. 


Trichloro- 
toluene. 


Trichloronitro- 
toluene. 


Trichlorodi- 
nitrotoluene. 


Trichloro- 
benzoic acid. 


2:3:4 40—41° 60—61° 140—141° 186—187° 
2:3:5 45—46 58—59 149—150 162 
2:3:6 45—46 57—58 140—142 163—164 
2:4:5 81—82 91—92 226—227 162—164 
2:4:6 83—34 54 178—180 160—161 
8:4:5 44°5—45°5 163—164 203 


II. Chlorination of the Six Dichlorotoluenes.- 


The dichlorotoluenes were prepared by the methods previously de- 
scribed (Trans., 1901, '79, 1127), with the exception of 3: 4-dichloro- 
toluene, which was obtained from 3-chloro-4-aminotoluene. Chlorination 
was effected by passing chlorine, dried by being led through concen- 
trated sulphuric acid, into the substance to be chlorinated. A minute 
quantity of the aluminium-mercury couple was used as “carrier” in 
all cases. The reaction was prevented from becoming too violent by 
careful cooling and by regulating the current of chlorine. In most 
cases, it was unnecessary to add any solvent to keep the substance 
fluid ; moreover, when crystallisation did occur, it was usually an 
indication that chlorination had proceeded sufficiently far. In no case 
was any difficulty experienced in effecting substitution, and the yields 
throughout were very satisfactory. The only point requiring par- 
ticular care was to ensure that, on the one hand, the dichloro-compound 
was all chlorinated, and, on the other, to guard against the formation 
of higher chlorinated toluenes. 


Chlorination of 2 : 3-Dichlorotoluene. 


2: 3-Dichlorotoluene, chlorinated in the way described, gave tri- 
chlorotoluene equal to 70 per cent. of the theoretical amount. The 
substance boiled at 230—240° under the ordinary pressure and melted 
at 38—40°. On repeated crystallisation from alcohol, a small quantity 
of a substance of higher melting point was eliminated, probably a 


tetrachlorotoluene, 
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Oxidation of the Trichlorotoluene.—The oxidation of the trichloro- 
toluene was especially undertaken with the object of detecting any 
2:3: 6-trichlorotoluene, since the trichlorobenzoic acid obtained from 
this substance could be separated from accompanying benzoic acids 
by reason of its property of not forming an ester when treated with 
an alcohol and hydrochloric acid. The crude trichlorotoluene was 
oxidised with dilute nitric acid in a sealed tube and the acids separated 
as usual. A portion of the trichlorobenzoic acid was dissolved in ten 
times its weight of either ethyl or methyl alcohol containing hydrochloric 
acid, according to Fischer and Speier’s method (Ber., 1895, 28, 1150). 
After the reaction was completed, the solution was poured into water 
and shaken up with ether or chloroform. “ Unesterified” trichloro- 
benzoic acid was removed by washing with dilute caustic soda solution 
and subsequently precipitated from the alkaline solution by means of 
hydrochloric acid. It was found, however, that practically the whole 
(96 per cent.) of the acid had been converted into the ester, and on re- 
peating the treatment with alcohol and hydrochloric acid no more than 
the merest traces of acid remained. It would therefore appear that 
no appreciable amount of 2:3: 6-trichlorotoluene was present in the 
original chlorination product. 

Another portion of the oxidation product of the trichlorotoluene 
was crystallised from hot water. The substance separated in white 
needles melting at 185—187° and was evidently 2:3: 4-trichloro- 
benzoic acid. — 

Nitration of the Trichlorotoluene.—The dinitro-derivative was pre- 
pared in the usual way and crystallised from alcohol. The substance 
thus obtained melted at 134—137°. It was then fractionally crys- 
tallised from glacial acetic acid. No 2:3:5-dichloro-4 : 6-dinitro- 
toluene, m. p. 149—150°, was isolated, but a large quantity of a pure 
dinitro-compound was separated melting at 139—140°, and identical 
with 2:3: 4-trichloro-5 : 6-dinitrotoluene. 

It is therefore concluded that 2: 3-dichlorotoluene on chlorination 
gives almost exclusively 2:3: 4-trichlorotoluene, and this affords a 
simple method of obtaining the latter substance. 


Chlorination of 2 : 4-Dichlorotoluene. 


The chlorination of impure 2 : 4-dichlorotoluene, which is the main 
constituent of the mixture of dichlorotoluenes obtained by chlorinating 
toluene, has been undertaken by several observers. Seelig (loc. cit.) 
succeeded in proving the presence of two out of the three possible 
isomerides—the 2:3:4- and 2:4:5-compounds. Our results are in 
agreement with this, and also indicate the probability of a very small 
amount of the 2 : 4: 6-compound being present. 
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Pure 2 : 4-dichlorotoluene from 2: 4-nitrotoluidine was chlorinated 
and gave its own weight of a mixture of trichlorotoluenes boiling at 
230—240°. <A preliminary separation of its constituents was effected 
in the following way. The solid product was warmed to 52° in the 
water-bath and then quickly drained at the pump, the more infusible 
residue being washed with a little alcohol. By this means, 6:2 grams 
of almost pure 2: 4 :5-trichlorotoluene was separated from 12 grams 
of the original mixture. After a single crystallisation from spirit, the 
substance was obtained in the form of fine needles melting sharply at 
81—82°. 

The more fusible portion of the mixture was dissolved in hot spirit, 
and an attempt was made to separate further quantities of the 
2:4:5-compound by crystallisation. This, however, was unsuccess- 
ful, so the alcohol was removed by evaporation and the trichloro- 
toluene converted directly into its derivatives. 

Nitration of the Mixed Trichlorotoluenes.—A portion was nitrated in 
the usual way and the product crystallised from a mixture of alcohol 
and acetic acid. Crystals were obtained of two kinds, which were 
separated mechanically. The main constituent consisted of needles 
melting at 137—140°, and these were separated from a smaller quan- 
tity of indistinct, granular crystals of much higher melting point, 
which were mainly composed of 2: 4:5-trichloro-3 : 6-dinitrotoluene. 
The needles, on recrystallisation, melted at 138°5—140°5°, and were 
thus identified as 2 : 3 : 4-trichloro-5 : 6-dinitrotoluene. 

Oxidation of the Mixed Trichlorotoluenes.—The only other trichloro- 
toluene which could be present, besides the two already identified, is 
the 2:4:6-compound. Since the trichlorobenzoic acid derived from 
this substance is a di-o-substituted acid and does not readily form an 
ester when treated with an alcohol in the ordinary way, its separation 
was attempted by a similar method to that adopted in the case of the 
chlorination products of 2:3-dichlorotoluene. It was found thata 
small amount of trichlorobenzoic acid was present, which did not form 
an ester even after four successive treatments with alcohol and hydro- 
chloric acid. The amount of acid thus separated was approximately 
4 per cent. of the total weight of mixed acids taken and melted at 
about 136°. It was not found possible to purify the small quantity of 
acid at our disposal. 

The chlorination of 2: 4-dichlorotoluene, therefore, results in the 
formation of large quantities of 2:4: 5-trichlorotoluene, a rather 
smaller amount of 2:3 : 4-trichlorotoluene, and probably a very small 
quantity of the 2 : 4: 6-compound. 


COHEN AND DAKIN: 


Chlorination of 2 : 5-Dichlorotoluene. 


2: 5-Dichlorotoluene is readily chlorinated, the yield of crude tri- 
chlorotoluenes boiling between 228° and 240° amounting to 86 per 
cent. of the theoretical amount. The melting point of the preparation 
was about 30°, but on repeated crystallisation from alcohol it rose to 
about 78°. It was therefore evident that more than one trichloro- 
toluene was present. After careful fractionation of the dinitro- 
compounds and separation of the trichlorobenzoic acids, the presence 
of the 2:4:5-and 2:3:6-compounds was determined. No evidence 
was obtained of the presence of the third possible trichlorotoluene— 
the 2:3 :5-compound. 

Nitration of the Mixed Trichlorotoluenes.—The dinitro-compounds 
were prepared in the usual way and crystallised repeatedly from 
alcohol or from acetic acid or from a mixture of both solvents. The 
main product was a substance, melting at 140—142°, identical with 
2 : 3: 6-trichloro-4 : 5-dinitrotoluene. After a very large number of 
crystallisations, a more sparingly soluble portion was obtained which 
melted at 225—227° and agreed in properties with 2 : 4 : 5-trichloro- 
3 : 6-dinitrotoluene. 

Oxidation of the Mixed Trichlorotoluenes.—The trichlorotoluenes 
were next oxidised with nitric acid in the usual way. When treated 
with ethyl alcohol and hydrochloric acid, a portion of the trichloro- 
benzoic acids readily formed an ester. The ester was separated by 
pouring the alcoholic solution into water and extracting with chloro- 
form. The non-esterified acid was removed by washing with caustic 
soda and the solution reserved for subsequent examination. On 
evaporation of the chloroform solution, the ester readily solidified and 
was purified by recrystallisation from alcohol. Well-defined, prism- 
atic needles melting at 63—65° were obtained. The melting point 
of this substance agrees with that of ethyl 2:4: 5-trichlorobenzoate, 
described by Beilstein and Kuhlberg (Annalen, 1869, 152, 234). The 
ester was hydrolysed with alcoholic potash and the acid crystallised 
from boiling water. The substance melted at 160—162° and agreed 
in properties with 2 : 4: 5-trichlorobenzoic acid. 

The caustic soda solution of the non-esterified trichlorobenzoic acid 
was acidified with hydrochloric acid and the precipitated acid recrys- 
tallised from hot water. Well-defined needles were obtained which 
melted at 163—164°, and were identical in appearance with 2 : 3 : 6-tri- 
chlorobenzoic acid. ; 
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Chlorination of 2 : 6-Dichlorotoluene. 


2 : 6-Dichlorotoluene can only give two trichlorotoluenes on chlorina- 
tion, and of these we have only been able to identify the 2 : 3 : 6-deriv- 
ative. The only simple known derivatives of 2:3:6- and 2:4:6- 
trichlorotoluenes which show sufficient difference in melting point to 
render them of service in separating the two substances are the 
dinitro-compounds which melt at 142° and 180° respectively. The 
trichlorotoluene obtained boiled at 218--225°, and melted at 40—43°, 
After recrystallisation from alcohol, it melted at 42°5—45°, which is 
very near the melting point of pure 2: 3 : 6-trichlorotoluene. 

Nitration of the Trichlorotoluene.—The dinitro-compound was pre- 
pared in the usual way and exhaustively fractionated, using acetic acid, 
alcohol, and ethyl acetate successively as solvents. The main product 
melted at 140—142°, and was easily obtained in a state of purity. 
This substance is evidently 2 : 3 : 6-trichloro-4 : 5-dinitrotoluene. 

The remaining portions melted indefinitely at temperatures varying 
from 110° to 126°; no pure substance could be isolated from them, and 
no indication of the presence of 2 :4: 6-trichloro-3 : 5-dinitrotoluene, 
m. p. 180°, was obtained. It is therefore concluded that 2 : 6-dichloro- 
toluene on chlorination yields the 2 : 3 : 6-derivative almost exclusively, 
and affords a simple method for its preparation. 


Chlorination of 3 : 4-Dichlorotoluene. 


Twenty grams of 3:4-dichlorotoluene, prepared from m-chloro-p- 
toluidine, gave 16 grams of trichlorotoluene boiling at 225—235°. 
The main portion distilled steadily at 230—231°. The product 
readily solidified, and melted sharply at 79—80°. A single crystal- 
lisation from alcohol gave perfectly pure 2:4 :5-trichlorotoluene, 
crystallising in long, brilliant needles melting at 81—82°. 

Nitration of the Trichlorotoluene.—The dinitro-compound was pre- 
pared and crystallised from glacial acetic acid. It melted at 226—227°, 
in agreement with pure 2: 4 : 5-trichloro-3 : 6-dinitrotoluene. No other 
dinitro-compound was separated, so that it is concluded that the chlorina- 
tion of 3:4-dichlorotoluene results solely in the formation of the 
2:4:5-derivative, and that the reaction affords a good method for 
the preparation of that substance. 


Chlorination of 3 : 5-Dichlorotoluene. 


Since 3: 5-dichlorotoluene is a solid substance (m. p. 26°), a small 
quantity (20 per cent.) of carbon tetrachloride was added to prevent 
solidification. The trichlorotoluene boiled at 235—243°, and melted 


at 43—45°, 
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The chlorination of 3 : 5-dichlorotoluene can only result in the form- 
ation of two trichlorotoluenes—the 2:3:5- and 3: 4:5-derivatives— 
and of these only one, the 2: 3: 5-compound, appears to be formed. 

Nitration of the Trichlorotoluene.—The trichlorotoluene was con- 
verted into the dinitro-compound in the usual way. The product at 
first melted at 149—150°, and after recrystallisation at 149—150°, 
thus corresponding to 2:3: 5-trichloro-4: 6-dinitrotoluene. No evi- 
dence was obtained of the presence of 3 : 4: 5-trichloro-2 : 6-dinitro- 
toluene, which melts at 164°. 

Oxidation of the Trichlorotolwene.—-The trichlorobenzoic acid was 
obtained by oxidation in the usual way, and no trichlorobenzoic acid 
melting at a higher temperature than 162° was obtained, whereas 
3: 4:5-trichlorobenzoic acid melts at 203°, so that it is concluded that 
2:3:5-trichlorotoluene is almost exclusively formed in the chlorina- 
tion of 3 :5-dichlorotoluene. 


In conclusion, we wish to state that we are indebted to the Research 
Fund Committee of the Chemical Society for a grant towards the 
expenses of this research. 


THE YORKSHIRE COLLEGE, 
LEEDs. 


CXXXV.—The Constitution of the Nitro- and Dinitro- 
derwatives of the Dichlorotoluenes. 


By Junius B. Conen and Henry D. DaxIn. 


THE nitro- and dinitro-derivatives of the six dichlorotoluenes have 
been previously described by us (Trans., 1901, '79, 1111) and have 
been made use of in identifying the products of chlorination of 
o- and p-chlorotoluene. It appeared to be of interest to ascertain the 
constitution of these substances in order to obtain evidence as to the 
laws of substitution which hold in the case of substances that are 
already highly substituted, 

The following scheme represents the progressive nitration of the 
dichlorotoluenes : 


OH, CH, 
A. O1/ Nol —> co” Noi 
\ NO, 
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Thus the nitro-group in the mononitro-compounds occupies the 
following positions with regard to the methyl group: 


ortho-position in E, F. 
meta- i A, D. 
para- os B, C, 


In regard to one of the chlorine atoms, the nitro-group stands in 
the following relations: 


ortho-position in A, B, C, D, 
para- ” A, CO, D, E, 
meta- . B, C, F. 


The chief directing influence clearly belongs to the chlorine atoms 
in relation to which the nitro-group enters the ortho- and para- 
positions. 

The nitro-group also appears to avoid entering the nucleus between 
two other groups in the meta-position (C, D, F), which seems to be a 
case of space interference. When it is unavoidable, it selects the 
position between a chlorine atom and a methyl group. 

In the case of the dinitro-compounds, the position of the first entering 
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nitro-group appears to be of primary importance in determining the 
position occupied by the second; for in all the six dichlorodinitrotoluenes, 
the nitro-groups are in the meta-position relatively to one another. 


EXPERIMENTAL, 


It was found that the nitro-derivatives of the dichlorotoluenes were, 
in many cases, most easily prepared by the action of cold fuming 
nitric acid at low temperatures, than by the methods previously 
described in which mixtures of sulphuric acid and small amounts of 
nitric acid, together with the substance to be nitrated, are heated 
together on the water-bath. 


Nitro-derivatives of 2 : 6-Dichlorotoluene. 


2 : 6-Dichloro-3-nitrotoluene.—Nitration in the cold was adopted in 
case of 2:6-dichlorotoluene. Ten grams of dichlorotoluene (b. p. 
196—200°) were taken and 20 cc. of fuming nitric acid added in 
small portionsatatime. The mixture was thoroughly well shaken and 
cooled to the temperature of the air between each addition of acid. 
The addition of the last portions of nitric acid resulted in the pro- 
duction of a perfectly clear solution, from which the nitro-compound was 
precipitated by the addition of water. The crude product was pressed 
on a porous tile and then melted at 52—53°. By operating in the 
manner described, there appears to be no danger of the dinitro-com- 
pound being formed. 

The nitro-compound was reduced by means of stannous chloride 
and hydrochloric acid and the base separated by addition of caustic 
soda followed by distillation in steam. A portion of the base was 
boiled with acetic anhydride and the acetyl derivative crystallised 
from alcohol. White, shining needles melting at 120—122° were 
obtained, identical with 2 : 6-dichloro-3-acetotoluidide. The remainder 
of the base was converted into trichlorotoluene by means of Sandmeyer’s 
reaction, which after nitration gave 2:3; 6-trichloro-4 ; 5-dinitro- 
toluene, melting at 140°. 

2 :6-Dichloro-3 : 5-dinitrotoluene.—This substance was reduced by 
means of tin and hydrochloric acid, a little alcohol being added to 
assist in the solution of the dinitro-compound. After adding caustic 
soda, the solution was extracted with chloroform. On evaporation, a 
white, crystalline base was obtained, which gave a brilliant, orange-red 
coloration with a trace of nitrous acid. The base also gave the 
chrysoidine reaction for meta-diamines, 
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Nitro-derivatives of 2 : 3-Dichlorotoluene. 


2 : 3-Dichloro-4-nitrotoluene.—Five grams of 2: 3-dichlorotoluene 
were nitrated in the cold with 6 c.c. of fuming nitric acid. The nitro- 
compound was separated and purified in the usual way and was then 
reduced with tin and hydrochloric acid. After excess of caustic soda 
had been added, the base was separated by distillation in steam, 
and melted at 40—42°. It gave an acetyl derivative melting at 
128—129°. On replacing the amino-group by chlorine, a trichloro- 
toluene (m. p. 40—41°) was obtained, which gave a dinitro-compound, 
melting at 140—141°, identical with 2:3: 4-trichloro-5 ; 6-dinitro- 
toluene. 

2 : 3-Dichloro-4 : 6-dinitrochlorotoluene.—This substance was reduced 
with tin and hydrochloric acid and the resulting diamine extracted 
from the alkaline solution by means of chloroform. The base crys- 
tallised in leaflets from alcohol, in which it was readily soluble and 
slowly darkened on exposure to air. The substance readily responded 
to the nitrous acid and chrysoidine tests for meta-diamines. A negative 
result was obtained on testing the base with an acetic acid solution of 
phenanthraquinone. 


Nitro-derivatives of 2: 5-Dichlorotoluene. 


2 : 5-Dichloro-4-nitrotoluene.—A mononitro-derivative of 2 : 5-dichloro- 
toluene in which the nitro-group was known to occupy position 3 has 
already been prepared (this vol., p. 1330) and as this substance is 
not identical with the product of nitration of 2: 5-dichlorotoluene, 
it follows that the nitro-group in the latter substance must occupy 
either position 4 or 6. Since 2: 5-dichloro-3-nitrotoluene, on further 
nitration, did not give the same dinitro-compound (m. p. 100—101°) as 
is produced by the nitration of 2:5-dichlorotoluene, but a substance 
melting at 69°, it appeared probable that position 3 was not substi- 
tuted in either the mono- or dinitro-derivatives of 2 : 5-dichlorotoluene, 

This supposition was confirmed in the following way :—2:5-Di- 
chlorotoluene was nitrated with fuming nitric acid and the nitro: 
compound separated as usual. On reduction with tin and hydro- 
chlorie acid, a base was obtained which was readily volatile in steam 
and crystallised from alcohol in lustrous leaflets melting at 91—92°, 
This base was shown to be 2: 5-dichloro-4-aminotoluene by converting 
it into 2:4: 5-trichlorotoluene, which was obtained in the form of long, 
white, characteristic needles melting at 80—82°. 

2 :5-Dichloro-4 : 6-dinitrotoluene.—The second nitro-group in this 
substance was shown to occupy position 6, by reducing the dinitro- 
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compound to a base, which readily gave the nitrous acid and chryso- 
idine reactions for a meta-diamine. Negative results were obtained 
on applying tests for ortho- and para-diamines. 


Nitro-derivatives of 2 : 4-Dichlorotoluene. 


2: 4-Dichloro-5-nitrotoluene.—The constitution of this substance was 
determined by two methods, (i) by synthesis, (ii) by conversion into 
2: 4-dichloro-5-acetotoluidide and subsequently into 2:4: 5-trichloro- 
toluene. 

(i) p-Nitro-o-toluidine was converted into 2-chloro-4-nitrotoluene, and 
this substance was then reduced by means of stannous chloride and 
hydrochloric acid to o-chloro-p-toluidine. The dry nitrate of this base 
was added to cold concentrated sulphuric acid and the resulting 
2-chloro-5-nitro-4-aminotoluene purified by crystallisation from alcohol. 
The amino-group in this substance was replaced by chlorine by means 
of Sandmeyer’s reaction and the 2 : 4-dichloro-5-nitrotoluene separated 
by distillation in steam. The product was found to be identical with 
the 2:4-dichloronitrotoluene prepared by the nitration of 2: 4-di- 
chlorotoluene. 

(ii) The nitro-compound was reduced by means of stannous chloride 
and hydrochloric acid and the base separated by steam distillation of 
the alkaline solution. The substance melted at 87°, and was identical 
with 2 : 4-dichloro-5-aminotoluene. On heating with acetic anhydride, an 
acetyl derivative was formed which melted at 156—157°, agreeing with 
2 : 4-dichloro-5-acetotoluidide, previously prepared by the chlorination 
of m-acetotoluidide. The amino-group in the base was replaced by 
chlorine, using Sandmeyer’s reaction, and 2:4:5-trichlorotoluene ob- 
tained which melted at 80—82°, after crystallisation from alcohol. 

2: 4-Dichloro-3 : 5-dinitrotoluene.—The dinitro-derivative, on reduc- 
tion, gave a base which responded to the nitrous acid and chrysoidine 
tests for meta-diamines. 

An alcoholic solution of the base did not give a precipitate with 
phenanthraquinone dissolved in acetic acid. 


Nitro-derivatives of 3 : 5-Dichlorotoluene. 


3 : 5-Dichloro-2-nitrotoluene.—The constitution of the mononitro- 
derivative of 3:5-dichlorotoluene can only be represented by one of 
two possible formule. The nitro-compound was reduced by tin-and 
hydrochloric acid, and the base, which does not readily form a hydro- 
chloride, was extracted from the acid solution by means of chloroform. 
The crude base melted at 58—60°, and this melting point was un- 
changed by crystallisation from alcohol. The melting point agrees 
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with that of 3:5-dichloro-4-aminotoluene prepared by Lellmann and 
Klotz (Annalen, 1885, 231, 322), but the acetyl derivative melts at 
185—187°, agreeing, therefore, with 3 : 5-dichloro-2-acetotoluidide. 
The trichlorotoluene obtained from the base, and its nitro- and dinitro- 
derivatives, corresponded in properties with the 2:3:5-compound and 
its nitro- and dinitro-derivatives. The melting point, therefore, of 
3 : 5-dichloro-2-aminotoluene is 58—60°, and not 56° as usually given. 

3 :5-Dichloro-2 : '-dinitrotoluene.—The’ constitution of this dinitro- 
compound can only be represented by two formule, namely, 3: 5-di- 
chloro-2 : 4-dinitrotoluene and 3 :5-dichloro-2:6-dinitrotoluene. We 
have not yet succeeded in ascertaining which is the correct formula, 
as both substances yield meta-diamines on reduction. 


Nitro-derivatives of 3 : 4-Dichlorotoluene. 


3 : 4-Dichloro-6-nitrotoluene.—The constitution of this substance was 
determined by synthesis. 3-Chloro-4-aminotoluene was treated with 
dilute nitric acid and the dry crystalline nitrate added in small por- 
tions to cold strong sulphuric acid (Claus and Davidsen, Annalen, 
1891, 265, 343). The resulting 3-chloro-6-nitro-4-aminotoluene was 
converted into 3: 4-dichloro-6-nitrotoluene by means of Sandmeyer’s 
reaction and the product purified by distillation in steam. The nitro- 
compound melted at 63—64° and was identical with the product of 
nitration of 3 : 4-dichlorotoluene. 

3 : 4-Dichloro-2 : 6-dinitrotoluene.—3 : 4-Dichloro-5-nitrotoluene has 
been previously prepared from 3-chloro-5-nitro-4-acetotoluidide, and 
since this substance, on further nitration, gave a dinitro-compound 
melting at 80—81°, whilst the product of nitration of 3 : 4-dichloro-6- 
nitrotoluene melts at 91°5—92°5°, it was probable that the second 
nitro-group in the latter substance did not occupy position 5. This 
supposition was confirmed by the fact that the base obtained on re- 
ducing the dinitro-derivative with tin and hydrochloric acid gave both 
the nitrous acid and chrysoidine test for a meta-diamine, thus proving 
that the second nitro-group occupies position 2. 

A negative result was obtained on testing the base with phen- 
anthraquinone. 
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OXXXVI.—Jlodonium Compounds of the Type IR’R’R” 
and the Configuration of the Iodine Atom.* 


By Haroxip Peters, A.I.C. 


THE principal object of the work described in this paper was to try 
and obtain some knowledge of the arrangement in space of the valencies 
of the polyvalent iodine atom by determining, in the first place, 
whether compounds of the type IR’R”R” can be obtained in isomeric 
forms. For the preparation of such compounds (Proc., 1900, 16, 62), 
Prof. Kipping and I were led to study a reaction discovered by Hart- 
mann and Meyer (Ber., 1894, 27, 502 and 1592), who have shown that 
iodonium bases of the type [R,-OH containing two identical radicles 
can be obtained by the action of certain metallic hydroxides on a mix- 
ture of iodoso- and iodoxy-eompounds, in accordance with the following 
equation, 


C,H,10 + C,H,:10, + M‘OH = (0,H,),l‘OH + MIO,. 


As it seemed probable that by employing iodoso- and iodoxy-deriv- 
atives of different aromatic radicles a base of the type IR’R’-OH would 
be produced, we investigated the action of moist silver oxide on a 
mixture of molecular proportions of iodosobenzene and p-iodoxytoluene, 
and found that it was thus possible to prepare phenyl-p-tolyliodonium 
hydroxide, 


O,H,-10 + C,H,MeI0, + AgOH = ot 'Me> LOH + AglO,. 

This, the first known example of a mixed iodonium base,? was isolated 
in the form of its iodide and a number of its salts were examined. 

We next employed a mixture of p-iodosotoluene and iodoxybenzene, 
and with the aid of the same reaction prepared p-tolylphenyliodonium 
hydroxide, 


O,H,MeI0 + O,H,10, + AgoH = Sos Ston + agio, 
6°"5 


which again was isolated in the form of its iodide. 


* This communication, which was presented as a thesis by Harold Peters at the 
final examination of the Institute of Chemistry, is a continuation of work already 
published in the Proceedings in the joint names of Professor Kipping and Harold 
Peters (Proc., 1900, 16, 62). It was carried out at the suggestion of Prof. Kipping 
and with his assistance, and the cost of the materials was partly met by a grant 
made to him by the Government Grant Committee of the Royal Society.—F. 8S. K. 

+ Since the publication of our original note on this work, Willgerodt and 
Schlosser (Ber., 38, 1900, 692) have prepared some mixed iodonium bases in a similar 
manner. 
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This salt proved to be identical with the iodide obtained by the first 
method, and corresponding derivatives of these salts were also iden- 
tical, a fact from which it my be concluded, provided, of course, that 
intramolecular change is excluded, that two of the three valencies 
of the iodine atom are symmetrically situated with respect to the 
third. For the further investigation of this problem, it was necessary 
to prepare a derivative containing some asymmetric group, and to then 
ascertain whether such a compound could be resolved into different 
parts. j 

We therefore treated the phenyl-p-tolyliodonium iodide with silver 
bromocamphorsulphonate, and thus obtained a phenyl-p-tolyliodonium 
bromocamphorsulphonate, which was easily isolated in well-defined 
crystals. A salt identical with this preparation in crystalline and 
other properties was obtained by interaction of the p-tolylphenyl- 
iodonium iodide with silver bromocamphorsulphonate, which fact 
affords further evidence of the position of two of the iodine valencies 
with respect to the third. 

Phenyl-p-tolyliodonium bromocamphorsulphonate was next sub- 
mitted to systematic fractional crystallisation; all the crystalline 
deposits at first obtained were found to be identical in outward pro- 
perties, and in dilute solutions all had the same molecular rotation, 
which was practically identical with that of optically inactive salts of 
bromocamphorsulphonic acids. 

The fact that the salt is not resolved into isomerides under these 
conditions points to the conclusion that the three iodine valencies are 
arranged in one plane, but considering the large number of cases in 
which the use of a method such as the above fails to resolve undoubted 
mixtures of optical isomerides into different fractions, further experi- 
ments must be made before the matter can be regarded as settled. 

In fractionally crystallising various samples of phenyl-p-tolyl- 
iodonium bromocamphorsulphonate prepared by the first of the two 
methods referred to above, no difficulty was experienced in obtaining 
successive deposits of well-defined crystals until a very considerable 
proportion of the original preparation had thus been separated, after 
which the mother liquors always gave an oily deposit; the latter 
seemed to be a mixture of two substances very similar in ordinary 
properties, and in spite of the results of the optical examination of the 
first crystalline deposits, it seemed not impossible that a partial reso- 
lution had occurred. 

On examining, in a similar manner, the oily residues which were 
also obtained in the crystallisation of the p-tolylpheny! salt, prepared 
from iodosotoluene and iodoxybenzene, it was found that here, also, 
the last mother liquor deposited what appeared to be two different 
compounds. 
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Further investigation showed that the phenyltolyliodonium bromo- 
camphorsulphonate prepared by the first method consisted of a mixture 
of the salts of phenyltolyl- and ditolyl-iodonium hydroxides, of which 
the latter was present in only small proportion; also that the tolyl- 
phenyliodonium bromocamphorsulphonate prepared by the second 
method contained a small quantity of what seemed to be diphenyl- 
iodonium bromocamphorsulphonate. 

The presence of the salts eontaining two identical radicles might be 
accounted for by assuming that during the preparation of the mixed 
iodonium bases some of the iodoso-compound undergoes decomposition 
into the iodoxy-derivative, 


20,H,-10 = 0,H,-10, + ©,H,I, 


a reaction which is known to occur on heating with water, and that 
the latter then interacts with some of the unchanged iodoso-compound, 
giving the base containing two identical radicles : 


C,H,;10 + O,H,-10, + AgOH = (0,H,)I-OH + Agl0,. 


A different explanation altogether might, however, be possible, 
namely, that the substance supposed to be phenyltolyliodonium bromo- 
camphorsulphonate is not the salt of a mixed base, but that it is a 
mere mixture of diphenyl and ditolyl salts, the formation of which is 
brought about by an interchange of the phenyl and tolyl radicles on 
cerystallising the bromocamphorsulphonate or at some earlier stage in 
the preparation of this salt. That the former, and not the latter, con- 
clusion is the correct one is amply proved by the experiments which 
are described below and which may be summarised as follows. 

The iodide of the base prepared from the product of the interaction 
of iodosotoluene and iodoxybenzene can be separated by fractional 
crystallisation into a large portion of the salt having the composition 
of tolylphenyliodonium iodide and a very small quantity of ditolyl- 
iodonium iodide, easily identified by its characteristic crystalline form. 

The iodide of the base prepared from the product of the interaction 
of iodosobenzene andiodoxytoluene, does not contain any ditolyliodonium 
iodide but seems to contain smal) quantities of diphenyliodonium 
iodide ; the absence of the former is easily proved owing to the fact 
that a mixture of ditolyl- and diphenyl-iodonium iodides is easily 
resolved into its components by fractional crystallisation ; the presence 
of diphenyliodonium iodide, however, is difficult to prove, as it is 
apparently isomorphous with the mixed iodide and the two compounds 
are very difficult to separate ; moreover, they have both very indefinite 
melting or decomposing points. 

Salts of the mixed base, directly compared with mixtures of the 
corresponding diphenyl and ditolyl salts, were found to show the 
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behaviour of pure compounds and to differ from the artificially pre- 
pared mixtures. 

A mixture of iodosobenzene and iodoxytoluene, or of iodosotoluene 
and iodoxybenzene, when shaken with silver hydroxide, gives a yield of 
the base, isolated in the form of its iodide, corresponding to about 85 
per cent. of the theoretical quantity. 

Iodoxybenzene, shaken with silver oxide and water, does not give 
any base, even after the lapse of three weeks. Iodosotoluene shaken 
with water and silver oxide gives only very small quantities of ditolyl- 
iodonium hydroxide. Hence, to get 80 per cent. of the theoretical 
quantity, both compounds must take part in the reaction. 

The principal product obtained from the mixture of iodoso- and 
iodoxy-compounds is therefore a definite compound, and not merely a 
mixture of diphenyl- and ditolyl-iodonium salts. 

The bromocamphorsulphonate prepared from pure phenyltolyl- 
iodonium iodide does not give ditolyliodonium iodide when it is decom- 
posed with potassium iodide. Therefore, the mixed base can be con- 
verted into the bromocamphorsulphonate, and this salt can be crystal- 
lised without change. 

For the purpose of this investigation, it was necessary to prepare 
the bromocamphorsulphonate of diphenyl- and ditolyl-iodonium hydr- 
oxides ; these salts are described later, and it may be noted here that 
whereas diphenyl- and phenyltolyl-iodonium bromocamphorsulphonates 
are isomorphous and very difficult to distinguish from one another, 
the ditolyl salt is usually obtained in long needles or prisms, absolutely 
different from the dodecahedra of the other two salts; it is, however, 
dimorphous, and under certain conditions crystallises in dodecahedra, 
indistinguishable by inspection from those of the diphenyl salt. 


EXPERIMENTAL, 
Phenyl-p-tolyliodonium Iodide, CoH SS 1.-1, 
. C,H,Me 


Molecular proportions of iodosobenzene and iodoxytoluene were 
shaken with one molecular proportion of silver oxide and 200 c.c. of 
water for 36 hours; at the end of this time, all the yellow powder had 
disappeared, and the liquid had a strong aromatic odour and a very 
pale yellow colour. It had, however, very slight basic properties, as 
practically the whole of the base which is produced interacts with the 
silver iodate, giving phenyl-p-tolyliodonium iodate. 

The solution was now filtered from the silver oxide diluted to about 
400 c.c. with water, and sulphur dioxide passed in until the precipi- 
tated iodide had become perfectly white. 

The whole was then warmed on the water-bath until quite free from 
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sulphurous acid, the precipitate separated by filtration, and well 
washed. To the filtrate, a very dilute solution of potassium iodide was 
then added, in order to convert any sulphate of the base into iodide. 
The mother liquors were finally evaporated nearly to dryness, but only 
a very small quantity of the iodide was deposited, thus showing that it 
is very sparingly soluble in cold water. 

The total yield of iodide was 80 per cent. of the theoretical, the loss 
being ‘principally due to the fact that in the reduction of the iodate 
some of the base splits up into benzene, toluene, and the iodide of the 
base.* 

The iodide was purified by recrystallisation from dilute alcohol, from 
which it separated in lustrous needles melting and decomposing at 
153—154°. Its melting point, however, depends to some extent on 
the rate of heating, and may be as low as 152° or as high as 158°, 
according as the temperature is raised very slowly or very quickly. 

The iodide is very sparingly soluble in water, chloroform, acetic 
acid, or absolute alcohol, but dissolves more freely in hot aqueous 


alcohol. 
An iodine estimation was made with the following result : 


0:2750 gave 0°3064 AgI. I=60°16. 
C,,H,,I, requires I= 60°18 per cent. 


p-Tolylphenyliodonium Iodide, CoH, GHor I, 


A p-tolylphenyliodonium iodide was now prepared by treating 
iodosotoluene and iodoxybenzene with moist silver oxide, under exactly 
the same conditions as those described in the previous experiment. It 
was isolated in the form of its iodide, and recrystallised from dilute 
alcohol, from which it was deposited in needle-shaped prisms. 

An iodine determination gave the following result : 


0°3094 gave 0°3159 AgIl, I=60°21. 

C,,H,,I, requires I= 60°18 per cent. 

When examined under the microscope, this iodide appeared to be 
identical with the first preparation and its general behaviour towards 
solvents was the same as that of the previous one. Its melting point 
was 153° to 154° (slightly variable with rate of heating) and when 
mixed with the iodide previously prepared the melting point wumnines 


unchanged. 
From these facts, it was concluded that the iodides prepared by the 


two different methods are identical. 


* oye > LOH + 4H = CoH, + CyHyMe+ gy ys>ET+2H,0. 
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Phenyl-p-tolyliodonium Nitrate, CG o ot 5>I-NO,. 
6*4 


To prepare the nitrate, the iodide was treated with one molecular 
proportion of silver nitrate in aqueous alcoholic solution, when a pre- 
cipitate of silver iodide was immediately thrown down, The whole 
was boiled on the water-bath for fifteen minutes, filtered, and the 
solution evaporated to a small bulk. The nitrate, which quickly 
solidified, was then recrystallised from dilute alcohol. It was thus 
obtained in short needles, melting at 117°, which were very soluble in 
aqueous alvohol. 

An iodine estimation was made with the following result : 


0°3761 gave 0°2349 AgI, I=34:02. 
C,,H,,[*NO, requires I = 34°04 per cent. 


Phenyl-p-tolyliodonium Bromocamphorsulphonate, 


0,11 M2>T80s'C oH ,OBr. 

The iodide of the base which had been previously prepared from 
iodosobenzene and iodoxytoluene was treated in alcoholic solution with 
silver bromocamphorsulphonate in molecular proportion ; an immediate 
precipitation of silver iodide occurred and the whole wag warmed 
gently on the water-bath for some time in order to complete the 
reaction. 

The solution was then filtered and left to evaporate at the ordinary 
temperature. 

After about four days, it began to deposit crystals and crystallisation 
was continued until about 2 grams of the sult had separated out ; 
the mother liquor was again left to crystallise and so on until several 
successive crops of crystals had been obtained. 

These crystals of phenyl-p-tolyliodonium bromocamphorsulphonate 
consist of well-defined, highly lustrous, dodecahedra which may be 
grown to a considerable size. They contain water of crystallisation, 
and in consequence have not a definite melting point, but begin to 
soften at about 105° and liquefy completely at about 120°. 

A determination of the water of crystallisation gave the following 
result : 

0-6062 lost 0:0220 H,O at 100°. H,O=3°6. 

C,,H,,0,SBrI,H,O requires H,O = 3°6 per cent. 

This result agrees with that required for 1 mol. of water, but after 
having been heated at 100° for some hours, the salt is somewhat 
sticky and faintly brown, 
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A halogen determination with the anhydrous salt was made with 
the following result : 


0:2112 gave 0:1476 AgBr+AglI. Br+I=34:2. 
C,,H,,O,SBrI requires Br + I= 34:2 per cent. 


The anhydrous salt has not a very definite melting point, and softens 
at about 162°, melting completely at about 165° when heated quickly. 

Phenyl-p-tolyliodonium bromocamphorsulphonate crystallises well 
from dilute acetone, the crystalline deposit being identical with that 
obtained from dilute alcohol. It is very readily soluble in alcohol or 
acetone, but only sparingly so in ethyl acetate or chloroform, and very 
sparingly so in cold water. When warmed, it has a very peculiar, 
rather pungent, highly characteristic odour. 

Specific Rotation.—Owing to the well-defined character of the crystals 
of this salt, there was little hesitation in arriving at the conclusion 
that the various deposits, which were obtained without difficulty in 
the manner described above, were identical, and that fractional crys- 
tallisation of the salt had failed to resolve it into the salts of two 
different bases ; this conclusion was confirmed by the following deter- 
minations of the specific rotations of the various fractions of the salt : 

I. 0°5 gram of air-dried salt was dissolved in aqueous methy] alcohol, 
the solution diluted to 25 c.c. with water, and examined in a 200 mm. 
tube ; the mean of several concordant readings gave a + 1°48’, hence 
[a]p +45°. 

II. 0°6062 gram, under the same conditions, gave a + 2°12’, hence 
[a]p +45° 

IIIa. 0°5 gram of the air-dried salt was dissolved in pure methyl 
alcohol, and examined under the same conditions as previously ; the 
mean of several concordant results gave a + 1°58’, hence [a]p +49°1° 

ITTd. 0°5 gram dissolved in water and very little methyl alcohol gave 
a +1°52', hence [a]p +46°6°. 

These experiments gave practically the same values for the specific 
rotation in the case of all the fractions, and taking the mean value of 
the specific rotation of the air-dried salt (I, IE, and IIId) as [a]p 
+45°5°, that of the anhydrous compound would be [a]p +46°7°; 
from this value the molecular rotation of the salt may be calculated to 
be [M], + 282°. 

Now the molecular rotation of bromocamphorsulphonic acid is 
[M],> +270°, hence the above result seems to prove that the base of 
the salt is practically inactive, assuming that in aqueous methyl 
alcoholic solution the salt is dissociated to a sufficient extent to give 
the true molecular rotation of the acidion. That this is probably the 
case may be inferred from the results of the experiments with fraction 
IIIa, which show that in aqueous methyl alcoholic solution containing 


AND THE CONFIGURATION OF THE IODINE ATOM. 1357 


very little methyl alcohol the specific rotation is only a little lower 
than in the case of the solution in anhydrous methyl alcohol. 

As, however, this might not be the case and as the specific rotation 
in aqueous solution could not be determined owing to the slight solu- 
bility of the salt, it seemed desirable to continue the fractional 
crystallisation until as large a proportion of it as possible had been 
obtained in a state suitable for examination. 

On doing so, it was observed that from the last mother liquors a con- 
siderable proportion of the salt was deposited as a gum from which we 
were unable to isolate a pure preparation. 

These observations seemed to show that the original specimen which was 
thought to be pure phenyl-p-tolyliodonium bromocamphorsulphonate had 
been resolved into two different fractions ; on the other hand, the 
results of the optical examination of the first deposits indicated that 
the most sparingly soluble salt was not that of an optically active 
base. 

In order to try and ascertain the nature of the salt in the last 
mother liquor, small portions of the most sparingly soluble and of the 
most readily soluble fractions were separately decomposed with potass- 
ium iodide, whereupon the iodide of the base was precipitated in each 
case. The iodides appeared to be identical in most of their properties, 
and they both crystallised in fine, silky needles from dilute alcohol, 
but the first fraction melted at about 170° to 175° when heated very 
quickly, whilst the other melted very indefinitely at about 154°. 
Very little reliance, however, could be placed on these melting points, 
as they were not at all sharp in either case, and varied very consider- 
ably with the rate of heating. 

Neither iodide gave any divergence to polarised light, but owing to 
their very slight solubility only extremely dilute solutions could be 
used. 

In order to try and determine the nature of the impurity in the 
phenyl-p-tolyliodonium bromocamphorsulphonate, the p-tolylphenyl- 
iodonium bromocamphorsulphonate, prepared from iodosotoluene and 
iodoxybenzene, as described above, was fractionally crystallised. 

The highest fraction again appeared homogeneous, and identical 
with the phenyl-p-tolyliodonium bromocamphorsulphonate in physical, 
optical, and chemical properties. 

The last mother liquors gave a sticky, gummy mass which crystal- 
lised with some difficulty from dry ethyl acetate in long needles or 
prisms melting at about 185° 

Portions of the first and last fractions of this salt were separately 
decomposed with potassium iodide. The iodides thus formed, recrys- 
tallised from alcohol, were not identical ; the one from the least soluble 
portion crystallised in silky needles, whilst that from the most soluble 
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portion crystallised in octahedra. They melted at 154° and 143° re- 
spectively, but the melting points were very variable, differing by 10° 
or 15° according to the rate of heating. The iodide from the first 
fraction was also much less readily soluble in alcohol, ethyl acetate, or 
water than that from the most readily soluble fraction. 

The discovery of these two salts proved, therefore, that the original 
phenyl-p-tolyliodonium bromocamphorsulphonate was a mixture. 

Now, since iodoso-derivatives very readily undergo decomposition 
when boiled with water or alkali, it seemed probable that such a 
decomposition might have occurred in the preparation of the mixed 
base ; using a mixture of iodosotoluene and iodoxybenzene, for example, 
the former might give iodoxytoluene, which would then interact with 
the iodosotoluene giving ditolyliodonium hydroxide. 

In order, therefore, to test this conclusion, p-ditolyliodonium iodide 
was prepared and its properties studied. 


Di-p-tolyliodonium Iodide, (C,H,Me),UT. 


This compound was prepared by shaking iodoso- and iodoxy-toluene 
in molecular proportion with silver oxide and water. The iodide was 
then isolated in the usual manner and crystallised from dilute alcohol, 
in which it was much more readily soluble than diphenyliodonium 
iodide. It was thus obtaived in octahedral crystals of a very lustrous 
appearance, melting at 143° to 156°, according to the rate of heating. 

An estimation of the halogen was made with the following result : 


0°2105 gave 0'2280 AgI. I=58°5. 
C,,H,,I, requires I= 58-3 per cent. 


In appearance, crystalline shape, melting point, and general be- 
haviour, this iodide was identical with that obtained by precipitating 
the most soluble portion of the p-tolylphenyliodonium bromocamphor- 
sulphonate, and yet so entirely unlike the main portion of that salt 
that we had no hesitation in concluding that the latter contained the 
ditolyl salt as impurity. 


Di-p-tolyliodonium Bromocamphorsulphonate, 
(C,H,Me),I°SO,°O,,H,,OBr. 
This salt was prepared from the iodide and silver bromocamphor- 
sulphonate and crystallised from alcoholic ethyl acetate. It was thus 


obtained in long needles melting at 185—186°. 
A halogen estimation was made with the following result : 


04034 gave 0'2788 AgBr+AgI. Br+I1=33°8, 
C,,H,,O,SBrl requires Br + 1=33°4 per cent. 


oa 
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This salt appeared to be dimorphous, and when crystallised from 
aqueous alcohol it sometimes separated in dodecahedra which resembled 
those of pheny]-p-tolyliodonium bromocamphorsulphonate, and, like the 
latter, probably contained water of crystallisation. 

Having learnt the properties of the ditolyliodonium bromocamphor- 
sulphonate, a fresh investigation of the last mother liquor of the tolyl- 
phenyliodonium bromocamphorsulphonate led to the isolation of a small 
quantity of a salt which was proved to be identical with this ditolyl 
derivative. 


Diphenyliodonium Bromocamphorsul phonate, (C,H;),1°SO,°C,)H,,OBr. 


In order to ascertain whether the phenyl-p-tolyliodonium bromo- 
camphorsulphonate contained the diphenyl base, as seemed very prob- 
able, the latter was prepared in the usual way and isolated in the form 
of its iodide which was found to melt at 168-—175°, depending upon 
the rate of heating (Victor Meyer and Hartmann give 175—176° as 
the melting point). 

The iodide was treated, as described above, with one molecule of 
silver bromocamphorsulphonate and the product recrystallised from 
alcohol, 

The salt contained water of crystallisation, as shown by the following 
determination : 


0°8284 lost 0°278 H,O at 100°. H,O=3°35. 
C,,H,,0,SBrJ + 14H,O requires H,O = 3°6 per cent. 


A halogen estimation with the anhydrous salt gave the following 
result : 


0°6051 gave 04309 AgBr+Agl. Br+I=38°4. 
C,.H,,0,SBrI requires Br + I= 35-0 per cent. 


This salt crystallised well from dilute alcohok in beautiful, lustrous, 
well-defined dodecahedra melting at about 165—168° when previously 
dried at 100°; it also crystallised well from dilute acetone, some of the 
crystals growing to a good size. It was much less soluble in dilute 
alcohol than the corresponding ditolyl derivative. On the other hand, 
it was so similar to phenyl-p-tolyliodonium bromocamphorsulphonate 
in crystalline form and in all other respects that, except for its rather 
higher melting point, it would be hard to distinguish it from the latter. 

For this reason, it was not possible to prove beyond all doubt that 
the original pheny]-p-tolyliodonium bromocamphorsulphonate from 
iodosobenzene is a mixture of a large percentage of phenyltolyl deriv- 
ative and a very small percentage of the diphenyl compound, but it 
seems extremely probable that this is so, 
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Proofs of the Existence of a Mixed Iodonium Base. 


Having proved that one preparation, which was at first thought to 
be a pure iodonium base, contained diphenyliodonium hydroxide whilst 
the other contained the corresponding ditolyl base, doubt arose as to 
the actual existence of a mixed base, and it seemed not impossible that 
the substance described as the latter might consist of a mere mixture 
of diphenyl and ditolyl compounds. 

The following experiments were made to settle this point. 

The diphenyl- (melting point about 165—168°) and the phenyltolyl- 
iodonium bromocamphorsulphonates were directly compared, but with 
the exception of a slight difference in melting points (3° or 4°), the 
two compounds seemed to be identical; a mixture of the dehydrated 
salts melted very indefinitely from 153—156° and softened about 8° 
before the phenyltolyl derivative. 

The iodides of the diphenyl and phenyltolyl bases were examined in 
a similar manner. Here again the results were not very conclusive, 
and the melting point of the mixture of the two salts was only about 
5° lower than that of the phenyltolyl derivative. 

The dichromates were next examined and were found to have rather 
more sharply defined melting points than the other salts. The three 
compounds were directly compared, with the following results : 

Salt of diphenyl base crystallised in prisms melting at 157° when 
slowly heated. 

Salt of ditolyl base crystallised in plates melting at 140° when 
slowly heated. 

Salt of phenyltolyl base crystallised in prisms melting at 143° when 
slowly heated. 


Action of Silver Oxide on Iodoso- and Iodoxy-derivatives. 


As the experiments just described did not settle satisfactorily this 
question of the existence of a mixed base, the action of silver oxide on 
an iodoso-compound alone and on an iodoxy-derivative alone was studied. 

Iodoxy- and iodoso-benzene were shaken separately with silver oxide 
and water. After a few hours’ shaking, the iodoso-derivative gave 
some iodide when treated in the usual way, but the iodoxy-benzene, 
even after prolonged shaking, did not give tho slightest trace. Now 
when a mixture of iodoso- and iodoxy-derivatives is used, the yield of 
the iodide, as already stated, is 80 per cent. of the theoretical. The 
experiment just described, therefore, proves that the mixed base is 
formed by the cooperation of both the iodosobenzene and iodoxy- 
toluene, and consequently it must be a phenyltolyl derivative, 
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Examination of Iodides.—We further proved by direct experiment 
that a mixture of the iodides of the diphenyl- and ditolyl-iodonium 
bases is easily resolved into its components by fractional crystallisation. 

This was done by first dissolving equal proportions, then a large 
proportion of diphenyl and a small proportion of ditolyl iodides in 
dilute alcohol and fractionally crystallising. In both cases, the ditolyl 
derivative came down in the last fractions and was easily detected. 
When, on the other hand, the iodide of the pure mixed base was frac- 
tionally crystallised, not the slightest trace of the ditolyl derivative 
could be found. 

The identification of the impurities found in the p-tolylphenyl and 
phenyl-p-tolyl bromocamphorsulphonates as the ditolyl and the diphenyl 
derivatives respectively, and the proof that they exist in only small 
quantities, due to the formation of the iodoxy- from the iodoso-deriv- 
ative, and not from any intramolecular change, makes it evident that 
the mixed base is a definite compound and not a mere mixture of 
diphenyl- and ditolyl-iodonium bromocamphorsulphonates. 


Phenyl-p-tolyliodonium Chloride, CoN >T-Cl. 
os 


This salt was obtained by dissolving the bromocamphorsulphonate 
in a little aqueous alcohol and adding an excess of an aqueous solution 
of sodium chloride; on cooling, the sparingly soluble chloride crystal- 
lises out in colourless needles. It was also prepared by treating the 
original mother liquors, which contain the base and the iodate of the 
base, with hydrochloric acid, when chlorine is evolved and the chloride 
precipitated. It crystallises well from dilute alcohol in needle-shaped 
crystals melting at about 193°. 

A halogen estimation was made with the following result : 


0°1186 gave 0°1351 AgCl+AglI. Cl+I=48°9. 
C,,H,,ClI requires Cl + I-=49°1 per cent, 


Phenyl-p-tolyliodonium Dichromate, is easily obtained by dissolving 
the bromocamphorsulphonate in a little warm alcohol and adding an 
aqueous solution of potassium dichromate until a slight turbidity is 
formed. On cooling, the salt crystallises in thin prisms of a beautiful, 
bright red colour. It melts at 143° and decomposes at a slightly 
higher temperature. 
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CXXXVII.—The Molecular Configuration of Phosphoryl 
Chloride and its Derwatives. 


By Ropert Martin Caven, D.S8c., F.1.C. 


THE constitution of phosphoryl chloride may be represented in two 
ways ; either as CIOP:Cl, or OPCI,. 

In support of the formula representing an unsymmetrical con- 
stitution in which the phosphorus atom would be tervalent, Thorpe 
(Trans., 1880, 37, 388) has adduced evidence based on specific 
volume determinations under the assumption that the atomic volume 
of phosphorus in all compounds is constant. Ramsay and Masson, on 
the other hand, have shown (Trans., 1881, 39, 52) that this assump- 
tion is unwarranted, evidence deduced from other elements pointing 
to an alteration of atomic volume with change from single to double 
linking. Consequently no conclusion as to the constitution of phos- 
phoryl chloride can be drawn from the evidence brought forward by 
Thorpe. 

The chemical evidence, however, is altogether in favour of the 
symmetrical formula, and this is accepted in what follows. 

The problem of the spacial configuration of the molecule of which 
the constitution is accepted must now be considered, and the question 
is whether or not the individual chlorine atoms, considered singly, are 
similarly situated to the rest of the molecule regarded as a whole. 
Whilst the chlorine atoms themselves are all alike, it is conceivable 
that differences of situation, if these existed, would confer upon them 
different properties. Let us suppose that the chlorine atoms can be 
identified as in the scheme 


Then any existing difference will be made manifest by substitution, 


for 

Jk la Cl. 
OP<Cle OPCR , OP—Cle, , 
Nar?’ \ \R 


will all be different if all three chlorine atoms are differently. situated 
within the molecule. 

Several monosubstituted derivatives have been prepared and 
examined with the view of discovering such isomerism if it should exist. 
For instance, monanilinophosphoryl chloride, OP(NH-O,H,):Cl,, was 
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obtained in a yield amounting to 90 per cent. of the theoretical. This 
substance was fractionally recrystallised from benzene, and the melting 
points and crystalline characters of the successive fractions were com- 
pared with one another and with those of the original substance. No 
physical differences were detected, and so far as this evidence goes the 
compound may be pronounced homogeneous. 

The same was found to be true of mono-p-toluidinophosphory] chloride, 
OP(NH:C,H,°CH,):Cl,. Hence monosubstituted derivatives of phos- 
phoryl chloride only exist in one form. 

From this fact, one of two conclusions may be drawn: either 

(i) The single chlorine atoms are substituted indiscriminately by the 
reacting base, so that from different molecules either Cl,, Clg, or C, 
may be displaced, and the result being the same, the three chlorine 
atoms must be similarly situated within the molecule ; or 

(ii) A difference being supposed to exist between the chlorine 
atoms, the reacting base displaces from each molecule only that 
chlorine atom which occupies a particular position. 

Whilst it is probable that the first conclusion is true, it will be 
necessary, in view of proving the similarity of position of the three 
chlorine atoms, to accept the second conclusion as a working 
hypothesis. Thus if all the chlorine atoms were differently situated, 
and one of them reacted more readily with bases than the other two, 
the monosubstituted product would be homogeneous. 

Experiments were next performed with disubstituted products, the 
two bases aniline and p-toluidine being introduced in an order which 
in a second case was reversed. 

Thus anilino-p-toluidinophosphoryl chloride was prepared and its 
properties examined, and then p-toluidino-anilinophosphoryl chloride 
was similarly obtained, and its physical characteristics compared with 
those of the first product. These two substances were thereby found 
to be similar in appearance and crystalline structure ; they melted at 
the same temperature, and when mixed intimately the melting point of 
the mixture was the same as that of the constituents. Unless, 
therefore, differences exist which ordinary physical methods fail to 
detect, these two preparations are identical. 

Moreover, anilino-p-toluidinophosphoric acid and p-toluidinoanilino- 
phosphoric acid were obtained and their identity proved by the melt- 
ing point test. 

The question of the mobility of the groups within the compound, 
and the production of identity by intramolecular rearrangement arises 
here. But in the absence of evidence to show that substituents of 
such large mass as are present in the above compounds possess this 
mobility, the point need not be further discussed. 
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The two following types are therefore identical : 


° J kala) Fé Rn(a) 
OPERA) OPERA) 
Cl, Cl, 
and it may be concluded that the two chlorine atoms replaced from 
the a- and f-positions in the above reactions are similarly situated 
with regard to the rest of the molecule. 

The next inquiry has reference to the remaining chlorine atom, Cl. 
The method adopted consists in first replacing one chlorine atom, which 
may be supposed to be Cl,, by an alcoholic residue, leaving the other 
two atoms to react with bases ; consequently ethoxyphosphory! chloride 
was made to react with aniline, producing ethoxyanilinophosphoryl 
chloride, and this substance then yielded with p-toluidine a compound 
which is the ethyl ester of anilino-p-toluidinophosphoric acid. 


/OCoH, OCH, 
— OPC NH: > aa OPCNH- O,H, 
Cl 


(y) NH-C,H,CH, 


In the reaction in the reverse way, ethoxy-p-toluidinophosphory] chlor- 
ide and the ethyl ester of p-toluidinoanilinophosphoric acid were suc- 
cessively produced. 


0-C,H, OH; 
CNH-0,H,CH, —> OPC NE 'OpHl, ‘CH,. 
Cl NH-C,H, 


The last compound was proved by the melting point test to be 
identical with the ethyl ester of anilino-p-toluidinophosphoric acid ob- 
tained previously. So: 


R, (a) R, (a) 
opZR, Ry: (8) and OPCRin(8) 


Rin(y) Ry (y) 


are shown to be identical, and Clg and Cl, are therefore similarly 
situated within the molecule POC\,. 

Now Cl, and Cl, have previously been shown to be similarly situated. 
Therefore, subject to the limitations referred to in the course of the 
above argument, the three chlorine atoms in phosphoryl chloride have 
been proved to occupy similar positions in the spacial configuration of 
the molecule. 

From this fact the important conclusion follows that the five atoms 
of the molecule of phosphoryl chloride cannot lie in one plane; for if 
this were the case the central chlorine atom, in whatever angular con- 
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figuration might be adopted, would necessarily occupy a unique position 
with reference to the oxygen atom. 

Thus we arrive at the following conception for the configuration of 
the molecule of phosphoryl chloride : 

The centres of gravity of the three chlorine atoms lie at the angles of an 
equilateral triangle; and if an imaginary line is drawn through the 
centre of this triangle and at right angles to its plane, the centres of 
gravity both of the phosphorus atom and of the oxygen atom are situated 
in this line. 

The question whether the phosphorus atom lies in the same plane as 
\j, the three chlorine atoms remains undecided. 
is The configuration of the molecule of phosphoryl chloride is there- 
fore tetrahedral, and differs from that of a molecule of which an atom 
of carbon is the centre principally in the existence of the doubly- 


linked oxygen atom. 


R 
Compounds of the type O= PCR, , built up according to the model 
TIt 

described above, do not contain a plane of symmetry; they are 
‘asymmetric’ although containing a double linking. On theoretical 
grounds, it should therefore be possible to prepare optically active 
derivatives of phosphory] chloride, although the presence of the oxygen 
atom renders it unlikely that basic derivatives of this type will be 
obtained. Phosphonium derivatives of the type PR,R,;,Ry,,R;yX, how- 
ever, have already been prepared by Michaelis (Annalen, 1901, 315, 58), 
and an attempt made to resolve them, but without success. 

The question of the resolution of acids of the type OPR,R,°OH 
therefore remains to be considered. Experiments were conducted with 
two distinct types of compound, namely, anilino-p-toluidinophosphoric 
acid and methoxy-p-toluidinophosphoric acid. Alkaloidal salts of these 
acids were not found to be crystallisable, but bornylamine and menthyl- 
amine salts were obtained and fractionally crystallised. In no case 
were the different fractions found to possess different specific rotatory 
powers, and when the acids were liberated from their salts they were 
always found to be inactive. 

It is intended to pursue this investigation further, using other types 
of acids. Meanwhile, it may be suggested that non-activity is due to 
racemisation caused by the wandering of the acidic hydrogen atom 


in the following manner : 
Se 
Now 


This might take place even in aqueous solution of a salt by hydro- 
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lytic dissociation. One fact must here be referred to which lends 

some support to this idea of tautomeric change. It is that mono- 

substituted derivatives such as OP(NH-C,H,):Cl, and 
OP(NH:O,H,:CH,):Cl, 

may be dissolved in cold dilute potash and recovered unchanged by the 

addition of hydrochloric acid. This fact may be best explained by 

assuming that the following tautomeric change has taken place: 


a, feeble monobasic acid being thus produced which forms a salt with 
alkalis. If this is the true explanation of the behaviour of these 
compounds with alkalis, then it is the more easy to believe that a 
wandering of the acidic hydrogen atom may take place with disubsti- 
tuted acids, These considerations render it less likely that the acids 
of the type OPR,R,OH will be obtained in optically active forms. In 
view of this, an attempt was made to combine menthylamine directly 
with methoxy-p-toluidinophosphory] chloride, and so obtain a compound 
incapable of undergoing such tautomeric change. This attempt was 
not successful, for although reaction took place with a partial separa- 
tion of menthylamine hydrochloride, no crystalline product could be 
isolated. 


EXPERIMENTAL. 
I.—Compounds containing Arylamino-groups. 
Anilinophosphoryl Chloride, OP(NH*C,H,):Cl,. 


This substance was obtained by A. Michaelis and Schulze (Ber., 
1893, 26, 2939) by heating aniline hydrochloride on the water-bath 
with the theoretical quantity of phosphoryl chloride. After the evolu- 
tion of hydrogen chloride had ceased, a thick liquid remained from 
which the compound was crystallised. 

The method adopted in the present work, which possesses the 
advantage of being carried out at atmospheric temperature, consists 
in slowly adding two equivalents of aniline contained in dilute benz- 
ene solution to one equivalent of freshly distilled phosphoryl chloride, 
also considerably diluted with benzene. Aniline hydrochloride at once 
separates in a pure white condition, and the filtrate from this, after 
the excess of benzene has been distilled off, yields brilliant, colourless 
crystals of the required derivative. 

The melting point of this compound is considerably affected by 
traces of impurity. In the first experiments, ether was used as the 
solvent instead of benzene, and the product melted fairly sharply at 


PHOSPHORYL CHLORIDE AND ITS DERIVATIVES. 1367 


79°. This product, however, fumed in the air and was not quite pure. 
Michaelis and Schulze employed hot benzene and light petroleum as 
solvent, and obtained a product which did not fume in the air and 
melted at 84°. 

The substance, prepared according to the method described above, 
was practically stable in the air and could be kept for weeks in an 
ordinary corked bottle without undergoing any considerable decom- 
position. It melted sharply at 89—90° after recrystallisation from 
benzene containing a little light petrcleum. 

Analysis proved the compound to be anilinophosphoryl chloride. 

The specimen melting at 89—90° was submitted to fractional re- 
crystallisation, and four successive fractions melted at the following 
temperatures: 89—90°, 88°, 88—89°, 89°. The highest melting point 
observed with this substance was 93—94°, and this was in the case of 
a specimen obtained some months subsequently and crystallised from 
dilute solution in benzene after the addition of an equa! volume of 
light petroleum. Under these circumstances, the compound presented 
the appearance of very fine, silky needles. 


p-Toluidinophosphoryl Chloride, OP(NH-C,H,°CH,):Cl,,. 


According to Michaelis and Schulze (/oc. cit.), this substance, prepared 
from p-toluidine hydrochloride and phosphory! chloride, melts at 104°. 

[t may be obtained in the same way as anilinophosphoryl chloride, 
and when crystallised from benzene melted at 107—108°; fractional 
crystallisation from this solvent did not reveal any difference of melt- 
ing point. Subsequently, however, the observed melting point was 
raised to 110—111° by recrystallisation from dilute solution in benzene 
after addition of much light petroleum. 


Action of Alkalis on the Monosubstituted Derivatives of Phosphoryl 
Chloride. 


Action of Ammonia.—Michaelis and Schulze (loc. cit.) have observed 
that anilinophosphory] chloride dissolves readily in aqueous ammonia, 
and they surmise that this solution contains the ammonium salt of 
anilinophosphoric acid. This, however, is not the case. When the 
ammoniacal solution is acidified with dilute hydrochloric acid, a white, 
scaly precipitate separates, which is shown to be anilinophosphamic 
acid, OP(NH'C,H,)(NH,)"OH. A quantity of this substance was 
obtained, washed thoroughly until free from chloride, by which means 
its bulk was considerably reduced, and dried, first on a tile, and then 
in a vacuum over sulphuric acid until its weight was constant. 


Analysis gave the following results: i 
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0°3878 gave 0°2500 Mg,P,0,. P=17°97. 
01029 ,, 14:3 ¢.c. moist nitrogen at 11° and 746 mm. N = 16:29. 
C,H,O,N,P requires P= 18-02 ; N=16-28 per cent. 


On titration, 0°3600 neutralised 20°80c.c. V/10 alkali. Mol. wt. =173°1. 
Mol. wt. of C,H,O,N,P = 172. 


Anilinophosphamic acid crystallises in rhomboidal plates which are 
sparingly soluble in cold water and melt at 157—158°. 

p-Tolwidinophosphamic acid, OP(NH:C,H,°CH,)(NH,)-OH, may be 
obtained in the same way as anilinophosphamic acid by the action of 
aqueous ammonia on p-toluidinophosphoryl chloride and decomposition 
of the salt by hydrochloric acid. 

It is obtained in scales, or, if separated slowly by acidifying a dilute 
solution of its ammonium salt, in coarse prisms, and melts at 159°: 


0°4531 gave 0°2747 Mg,P,0,. P=16°89. 
01166 ,, 15:1 ¢.c. moist nitrogen at 10° and 749 mm. N=15:30, 
C,H,,0,N,P requires P=16°67 ; N =15-05 per cent. 
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On titration: 


(i) 0°4624 neutralised 24°75 c.c. V/10 alkali. Mol. wt. =186°8. 
(ii) 0°3888 ra 20°85 ec. V/10_,, Mol. wt. =186°5. 
Mol. wt. of C,H,,0O,.N,P =186°0. 


Action of Potash.—When either anilino- or p-toluidino-phosphoryl 
chloride is added little by little to an ordinary dilute solution of potash, 
the compound rapidly dissolves. If the liquid is cooled under the tap 
during the addition of the monosubstituted phosphoryl chloride and 
dilute hydrochloric acid added in excess when solution is complete, an 
oil is precipitated which quickly solidifies. This solid in each case was 
separated and crystallised from benzene with the addition of light 
petroleum. 

The product recovered from monoanilinophosphoryl chloride melted 
at 93°; that from monotoluidinophosphoryl chloride at 111—112°. 
Both substances contained chlorine, and an analysis of the former 
product gave the following result : 


0°2635 gave 0°3609 AgCl. Cl=33-83. 
C,H,ONCI,P requires Cl = 33°75 per cent. 


It is evident therefore that the above monosubstituted phosphoryl 
chlorides can be dissolved in dilute potash solution and recovered 
unchanged by the addition of hydrochloric acid. 

If no precautions are taken to cool the potash solution during thé 
addition of the monosubstituted chloride, considerabie heat is developed 
and the solution turns yellow. In this case, the liquid contains traces 
of the free base, as was proved in the case of aniline by the bleaching 
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powder reaction. The addition of hydrochloric acid after a time causes 
no immediate precipitate ; it appears therefore that the monosubstituted 
phosphoric acids are readily soluble in water. Attempts to isolate 
these acids proved unsuccessful, and since partial decomposition by 
potash was proved, the investigation was not carried further. 


Anilino-p-toluidinophosphoryl Chloride, 
OP(NH-C,H,)(NH°O,H,°CH,)Cl. 


This substance was prepared, together with the similar substance 
obtained by allowing the substituents to react in reverse order, for the 
purpose of proving the identity of the a- and f-positions of the chlorine 
atoms in phosphoryl chloride. 

It was obtained in very fine needles which, after two recrystallisations 
from benzene, melted sharply at 133—134°. On analysis : 


0°7042 gave 0:°3644 AgCl. Cl=12°78. 
C,,H,,ON,CIP requires Cl= 12°65 per cent. 


The yield of the substance was very poor, not more than about 
2 grams being obtained from 10 grams of phosphoryl chloride. After 
the first crop of crystals had been removed from the benzene solution, 
further standing produced a small crop; but soon a gummy mass 
separated which appeared to contain most of the material, but from 
which nothing was isolated at this stage. 

p-Toluidinoanilinophosphoryl Chloride, 

OP(NH-C,H,°CH,)(NH°C,H,)Cl. 

—This compound was prepared in a similar manner to the above, and 
an intimate mixture of the disubstituted chlorides prepared in the two 
ways melted at 133—134°. These two substances are therefore shown 
to be identical. 


Anilino-p-toluidinophosphoric Acid, OP(NH*O,H,;)(NH°C,H,°CH,)-OH. 


When anilino-p-toluidinophosphoryl chloride is digested for a short 
time with dilute sodium carbonate solution, it is completely dissolved. 
No odour of aniline or p-toluidine can be detected, and after cooling 
and allowing to stand for some time the solution remains perfectly 
clear. When this clear solution is acidified with dilute hydrochloric 
acid, a curdy, white precipitate of anilino-p-toluidinophosphoric acid at 
once separates. 

The method of recrystallisation employed was similar to that sug- 
gested by Autenrieth and Rudolph (Ber., 1899, 32, 2099) for dianilino- 
phosphoric acid, and was as follows. The crude precipitated acid was 
digested on the water-bath with acetone, the hot solution filtered, and 
diluted with about one-fifth of its volume of water to which a few drops 
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of strong hydrochloric acid had been added. On stirring the solution 
and allowing it to cool, a good yield of crystals was obtained in the 
course of a few minutes. 

Anilino-p-toluidinophosphoric acid crystallises in shining scales. It 
softens at 134°, and if not quite pure melts completely, but quickly 
becomes solid again, and melts finally at 195—196°, turning somewhat 
brown. On analysis of the air-dried crystallised acid : 


0°2456 gave 0:1028 Mg,P,0,. P=11°67. 
C,,H,,0.N,P requires P= 11°83 per cent. 


On titration : 


(i) 0°4674 neutralised 18°05 c.c. V/10 alkali. Mol. wt. = 259. 
(ii) 0°3595 ‘i 13°85 cc. V/10_ ,, Mol. wt. = 259°6, 
Mol. wt. of O,,H,,0.N,P = 262. 


In connection with the possession of a dual melting point by this 
acid, it is interesting to notice that, according to Rudert (Ber., 1893, 
26, 565) ditoluidinophosphoric acid melts at 124°, but according to 
Autenrieth and Rudolph (/oc. cit.) at 195°, These later authorities 
attribute the low melting point observed by Rudert to his acid not 
being crystallised or free from water. 

In order to clear up this discrepancy, a specimen of ditoluidinophos- 
phoric acid was prepared and crystallised from dilute acetone. It then 
softened at 148° and melted at 193—194°, turning brown. 

Dianilinophosphoric acid, on the other hand, melts, according to 
Michaelis and Schulze (Ber., 1894, 27, 2574) at 213°, and according to 
Autenrieth and Rudolph (Joc. cit,) at 214—216°. 

A specimen prepared and crystallised as above melted at 213° with- 
out previous softening. 

It appears therefore that the possession of a dual melting point by 
two of the above disubstituted acids is due in some way to the presence 
of a p-toluidine residue within the molecule. 

p-Toluidinoanilinophosphoric Acid.—This acid was prepared from 
phosphoryl chloride by the successive action of p-toluidine and aniline 
in the manner above described. The product was identical in physical 
properties with anilino-p-toluidinophosphoric acid, softening at 134° 
and melting at 195—196°. An intimate mixture of the two substances 
softened at 134° and melted at 195—196°. These two products are 
therefore identical. 


IIl.—Compounds containing an Ethouy-group. 


‘he purpose for which these compounds were investigated was in 
order that the identity of the B- and y-positions of the chlorine atoms 
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might be demonstrated, the a-position being supposed to be enagee 
by the ethoxy-group. 

Ethoxyphosphory] chloride, OP(O*C,H,):Cl, (Jahresber., 1876, 205), 
formed the starting point for the preparation of the compounds 
described below. 

Ethoxyanilinophosphoryl Chloride, OP(O-C,H,)(NH°C,H,)Cl.—This 
compound was prepared from ethoxyphosphoryl chloride by reaction 
with aniline in ethereal solution ; it crystallises in truncated pyramids 
and melts at 61—62°,. It is much more soluble in the ordinary sol- 
vents than anilinophosphory] chloride, and cannot be so easily obtained 
in a state of purity. On analysis: 


0°4495 gave 0:2873 AgCl. Cl=15°79. 
C,H,,0,NCIP requires Cl= 16°17 per cent. 


Decomposition by Water.—The compound was dissolved in a little 
alcohol, which has no perceptible action upon it, and water added to 
the solution. The substance separated again in the solid state, but on 
standing slowly dissolved. The clear solution, when evaporated over 
sulphuric acid at the ordinary temperature, gave leafy crystals which 
were proved to be aniline hydrochloride. 

The following probably represents the course of the reaction with 
water : 


Jo" C,H, LP? C,H, Var C,H, 
N H: O,H, he OPC NH: CO, a, Bi oP— 
OH NOE 


+ HCl + C,H, NH, HO, 


but ethoxyanilinophosphoric acid, the intermediate product of hydro- 
lysis, could not be isolated. 

Barium Salt.—This and other barium salts of disubstituted phos- 
phoric acids were prepared in order to furnish material for experiments 
on resolution in conjunction with optically active bases. 

Although ethoxyanilinophosphoric acid cannot be obtained by the 
hydrolysis of its chloride by water, its barium salt was prepared by 
the use of baryta solution. This compound, when free from barium 
chloride, crystallised from ethyl alcohol containing a little water in 
minute, slender needles which, when dry, appeared as a chalky powder. 
The salt thus obtained was anhydrous, and underwent no change when 
heated to 130°, but ata somewhat higher temperature decomposed, 
giving off aniline. On analysis : 


0°4777 gave 0°2086 BaSO,. Ba= 25°68. 
0°3616 ,, 17°2 cc. moist nitrogen at 16° and 758 mm. N=5°53. 
C,H,,0,NP,Ba requires Ba = 25°57 ; N= 5:21 per cent. 


The amide, OP(O°C,H,)(NH°C,H,)*NH,, was obtained by passing 


OP— 


No 
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dry afhmonia gas into an ethereal solution of the chloride, and crystal- 
lised from hot water in beautiful, shining prisms melting at 127°. On 
analysis : 


0°6653 gave 0°3768 Mg,P,0,. P=15-78. 
C,H,,0,N,P, requires P = 15°50 per cent. 


The aqueous solution of this amide was neutral in reaction to litmus. 
The compound dissolved easily in warm dilute acids, but suffered 
decomposition in the process, the solution containing aniline and 
ammonium salts. 

Ethyl anilino-p-toluidinophosphate, 

OP(0-C,H,)(NH-C,H,)*NH°O,H,°CH,, 
was prepared from ethoxyanilinophosphoryl chloride and p-toluidine. 
It crystallised from dilute alcohol in colourless needles and melted at 
116—117°. On analysis : 


0°4318 gave 0°1678 Mg,P,0O,. P=10°83. 
C,;H,,0,N,P requires P= 10°69 per cent. 


Ethoxy-p-toluidinophosphoryl Chloride, 
OP(O:C,H;)(NH°C,H,°CH,)Cl. 
—This substance crystallises in oblique prisms and melts at 74—75°. 
On analysis : 


0°2830 gave 0'1709 AgCl. Cl=14°92. 
C,H,,0,NCIP requires Cl = 15:20 per cent. 


Barium Salt.—The barium salt of this acid was obtained from its 
chloride in a manner similar to that employed in the previous case. 
The salt is, however, less soluble in water than its aniline homologue, 
and separates during evaporation of the solution in radiating, tuft-like 
masses. The compound may thus be separated from the mother 
liquor containing the excess of barium chloride, and after three 
crystallisations is pure. On analysis: 


0°6063 gave 0°2427 BaSO,. Ba=23°54. 
03160 ,, 141 c¢.c. moist nitrogen at 17° and 760 mm. N=5'18. 
[C,H,,0,NP],Ba,H,O requires Ba = 23°55 ; N=4°77 per cent. 


The salt was also recrystallised from alcohol containing a little 
water, and obtained in the form of long, slender needles : 


0°6457 gave 0°2670 BaSO,. Ba=24°32. 
[C,H,,0,NP],Ba requires Ba = 24°30 per cent. 
Thus when the least possible amount of water is used in its crystal- 
lisation the salt is obtained in an anhydrous state. 
The amide, OP(O-C,H;)(NH-C,H,°CH,)*NH,, was prepared in the 
same manner as the analogous aniline derivative. It was not found 


, 
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suitable to crystallise it from hot water, but when a mixture of ethyl 
acetate and light petroleum was employed, the substance separated in 
rhomboidal plates melting at 125°. On analysis : 


0°1726 gave 20°0 c.c. moist nitrogen at 16° and 751 mm. N=13°36. 
C,H,,0,N.P requires N = 13-09 per cent. 


This amide is sparingly soluble in cold and easily soluble in hot 
water. Jts solution is neutral in reaction. 

Ethyl p-toluidinoaniiinophosphate, 

OP(O-C,H,)(NH-C,H,°CH,)*NH°O,H,, 

crystallised in needles from dilute alcohol. It presented the same 
appearance as the product described on p. 1372 ; it melted at 117°. 

An intimate mixture of ethyl anilino-p-toluidinophosphate and ethyl 
p-toluidinoanilinophosphate was made and melted at 116—117°. These 
two products are therefore identical. 


Ill—Compounds containing a Methoxy-group. 
Methoxyphosphoryl Chloride, OP(O°CH,):Cl,. 


This simple substitution product of phosphoryl chloride appears 
never to have been previously prepared, although it may be obtained 
in the same way as the ethoxy-compound. It was found to distil at 
62—64° under 15 mm. pressure. It is a colourless liquid which 
fumes in the air, but is not so vigorous in its reaction with water as 
phosphory! chloride. 

For analysis, a weighed quantity was decomposed by dilute potash, 
the solution acidified with nitric acid was then precipitated with silver 
nitrate : 


0°2812 gave 0°5400 AgCl. Cl=47°43. 
CH,0,Cl,P requires Cl = 47°65 per cent. 


This compound cannot be distilled under atmospheric pressure. 


Methoxyanilinophosphoryl Chloride, OP(O°CH,)(NH-C,H,)Cl. 


This compound was prepared by bringing together aniline and 
methoxyphosphoryl chloride in benzene solution. The product was 
found to be very soluble in benzene, and could only be obtained as a 
pasty mass by evaporating this solvent. A small quantity, however, 
was obtained in a pure condition by heating the mass with light 
petroleum of high boiling point and allowing the solution to cool 
slowly. Methoxyanilinophosphoryl chloride crystallises in thick 
needles which melt at 82—83°. It is slowly but completely dissolved 


1874 CAVEN: THE MOLECULAR CONFIGURATION OF 


by dilute potash, and the solution does not give the aniline reaction 
with bleaching powder. On analysis: 


0:3258 gave 20°5 c.c. moist nitrogen at 21° and 749 mm. N=7-07. 
C,H,O,NCIP requires N = 6°81 per cent. 


Barium Salt.—This salt was obtained by digesting the crude chloride 
with baryta solution and crystallising the product. The salt is con- 
siderably less soluble in water than barium chloride, from which it 
can easily be separated by crystallisation. It crystallises in beautiful, 
transparent needles quite different in appearance from either of the 
ethoxy-salts previously described, and the air-dried salt, when heated 
at 100°, gives off much water. The salt contains seven mols. of water 
of crystallisation : 


0°3912 gave 0°1512 BaSO,. Ba=22°75. 
0:2907 ,, 12:2 c.c. moist nitrogen at 23° and 763 mm. N= 4°75. 
[C,H,O,NP],Ba,7H,O requires Ba = 22°62 ; N=4°61 per cent. 


In an attempt to estimate the water of crystallisation, 02466 gram 
of the salt lost 0°0418 gram at 130°, and on heating to 155—160° for 
15 mins. an additional 0°0169 gram ; but in the latter case the salt 
turned somewhat yellow and underwent slight decomposition. 

If 7H,O are present, 0'2466 gram contains 0°0512 gram of water. 
Whilst the water cannot be directly estimated owing to decomposition, 
these results confirm the previous analytical figures which indicate the 
presence of 7H,0 in the salt. 


Methoxy-p-toluidinophosphoryl Chloride, OP(O-CH,)(NH:C,H,°CH,)Cl. 


This substance, obtained by the interaction of methoxyphosphoryl 
chloride and p-toluidine in benzene solution, is characterised by a less 
degree of solubility in benzene and other organic solvents than the 
mixed ester-amino-substituted phosphoryl chlorides previously described. 
It crystallises in prisms from its solution in hot benzene with the 
utmost ease, and can therefore be obtained pure in any desired quan- 
tity, and melts at 115—116°. On analysis: 


05197 gave 0:°3409 AgCl. Cl=16-20. 
C,H,,0,NCIP requires Cl = 16°15 per cent. 


This compound is easily soluble in dilute alkalis with the formation 
of the corresponding salts of methoxy-p-toluidinophosphoric acid. 

The barium salt is much less soluble in water than any of the 
barium salts previously described, and on cooling its concenttated 
solution separates in shining needles which, after one recrystallisation, 
are free from barium chloride. When the air-dried salt is gently 
heated, it gives off much water. 
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(i) 0°7463 gave 0°2711 BaSO,. Ba=21°'38. 

(ii) 10101 ,, 0°3644 BaSO, Ba=21°'23. 

(i) 0°3490 ,, 12-9c.c.moist nitrogen at 21° and 762mm. N=4-22. 

(ii)0-4112 ,, 156cce. 4, 4 20°5°,, 766mm. N=4:37. 
[C,H,,0,NP],Ba,7H,O requires Ba = 21°62 ; N=4°40 per cent. 


0:9444 gram of the crystallised salt lost 0°1685 gram at 130—140°. 
On raising the temperature further, the solid became yellow and began 
to decompose. This loss is 17°83 per cent., and represents a little 
more than 6 mols. of water. Thus the salt contains 7 mols. of 
water of crystallisation. 

Potassium Salt.—Some of the barium salt was decomposed in solu- 
tion by its equivalent of potassium sulphate. On evaporation to small 
bulk, the potassium salt was obtained as a mass of fine needles which 
are very soluble in water. 

Attempts to obtain the free acid from its salts were encase 


IV.—Attempts to resolve Asymmetrically Substituted Phos- 
phoric Acids into Optically Active Constituents. 


Anilino-p-toluidinophosphoric Acid. 


A quantity of this acid was prepared and handed to Professor 
Kipping, who tried to resolve it by forming salts with optically active 
bases. Bornylamine and menthylamine salts were obtained in a 
crystalline form and fractionally crystallised. The acid was recovered 
from the various fractions by decomposing the salt with dilute mineral 
acid, and was examined polarimetrically. It was in all cases found to 
be inactive. 


Methoxy-p-toluidinophosphoric Acid. 


This acid was chosen as the most suitable of the above described 
ester acids because of the slight solubility of its barium salt in cold 
water and the comparative ease with which it can be prepared. 

Menthylamine Salt.—A sample of menthylamine, prepared from men- 
thone by reduction of its oxime, and which had been proved to be homo- 
geneous, was employed. A neutral solution of the sulphate was used to 
precipitate barium methoxy-p-toluidinophosphate. The precipitation was 
carried out at about 50°, and the solid which separated was very bulky 
in appearance, the barium sulphate having carried down with it some of 
the crystallised menthylamine salt, which was removed by washing 
with hot water. On evaporation of the neutral filtrate on the water- 
bath, the menthylamine salt soon began to separate in filmy tufts of 
fine needles on the surface of the liquid, and by successive removal 
of these by filtration, the salt could be separated into fractions. On 
analysis of the air-dried salt : 
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0'5696 gave 0:1852 Mg,P,0,. P=9°06. 
02700 .,, 18-9 c.c. moist nitrogen at 22° and 765 mm. N=7°99. 
C,,H,,0,N.P requires P= 8-71 ; N=7°87 per cent. 

Polarimetric examination of these fractions did not reveal any 
difference of rotatory power, and their melting points were all alike. 

Moreover, a specimen of alkali salt recovered from a fraction of the 
menthylamine salt was quite inactive. 

Thus the attempt to resolve methoxy-p-toluidinophosphoric acid by 
means of menthylamine was not successful. 


The author desires to thank Professor Kipping for valuable sugges- 
tions made especially during the earlier part of the research. 


UNIVERSITY COLLEGE, 
NorrincHAmM. 


CXXXVUI.—Influence of Substitution on the Formation of 
Diazoamines and Aminoazo-compounds. Part LI. 


By Gipert Toomas Moreay, D.Sc. 


THE results recorded in a former communication (this vol., 91) showed 
that 1-chloro-8-naphthylamine, unlike the parent base, B-naphthyl- 
amine, gives rise to diazoamines when treated with diazonium salts. 
8-Naphthylamine-8-sulphonic acid behaves similarly (Witt, Ber., 1888, 
21, 3483), and it may therefore be generally supposed that the presence 
of a substituent radicle in either of the positions 1 and 8 of the 
naphthalene nucleus causes the diazo-complex to remain attached to 
the aminic nitrogen atom situated in position 2. 

It has been shown more recently by C. Smith (this vol., 901) that a 
similar effect is produced by hydrogenising the unsubstituted naphtha- 
lene nucleus, this investigator having demonstrated that ar-tetrahydro- 
B-naphthylamine does not, as was formerly supposed, condense with 
diazonium salts to form aminoazo-compounds, but under these con- 
ditions furnishes diazoamines. 

The products of the action of diazotised m-nitroaniline and m-chloro- 
aniline on the tetrahydro-base could not, however, be isolated, as they 
are unstable at the ordinary temperature and rapidly change jnto 
resinous substances. 

m-Nitrobenzene-2-diazoamino-|-chloronaphthalene, obtained by the 
action of m-nitrobenzenediazonium chloride on 1-chloro-8-naphthyl- 
amine is, on the contrary, quite stable at the ordinary temperature, 


FORMATION OF DIAZOAMINES AND AMINOAZO-COMPOUNDS. 1377 


and is readily obtained in a crystalline form. Nevertheless, it shows 
itself to be less stable than its o- and p-isomerides by decomposing at 
a temperature nearly 70° lower than the decomposition point of these 
substances. 

o- Nitrobenzene-2-diazoamino-1-chloronaphthalene closely resembles the 
p-isomeride already described (this vol., 99), and is prepared in a 
similar manner. 

An attempt made to prepare a similarly constituted mixed diazo- 
amine from diazotised 1-nitro-8-naphthylamine led to a curious and 
unexpected result. 

The solution obtained by treating 1-nitro-8-naphthylamine suspended 
in hydrochloric acid with sodium nitrite, when mixed with a glacial 
acetic acid solution of 1-chloro-8-naphthylamine, gave rise to a diazo- 
amine which proved to be 2-diazoamino-l-chloronaphthalene, 
C,,H,Cl-N,"NH°C,,H,Cl, the yield of this product being such that it 
could not possibly be derived entirely from the chloro-base actually intro- 
duced. All the mother liquors obtained in the experiment were 
examined, but no trace of the nitro-base or its diazonium salt could be 
found. The aqueous filtrate from the diazoamine still contained a 
diazonium salt, and was accordingly added to an alkaline solution of 
B-naphthol ; the azo-compound thus produced consisted entirely of 
1-chloronaphthalene-2-azo-B-naphthol. 

The alcoholic washings from the crude diazoamine were evaporated 
and the oily residue acetylated, the product being identified as 1-chloro- 
aceto-B-naphthalide. As a result of this examination, it was found 
that, although the total yield of the products accounts for the united 
weights of the two bases employed, yet the substances formed during 
the reaction are wholly derived from 1-chloro-8-naphthylamine. This 
result admits of only one interpretation, namely, that under the above 
conditions the diazonium salt of the nitro-base becomes transformed 
into the corresponding derivative of the chloro-base, 

NO,°C,,H,°-N,Cl -—-+> C,,H,Cl-N,°NO,. 
This rearrangement corresponds with the observations of Meldola and 
Eyre (Trans., 1901, 80, 1077, and this vol., 988) as to the behaviour 
of the diazotised dinitroanisidines ; these substances lose nitro-groups 
occupying the ortho- or para-position with respect to the diazonium 
radicle in exchange for hydroxyl or chlorine. Moreover, the replace- 
ment of substituent radicles by hydroxyl has already been observed in 
diazo-derivatives of the naphthalene series (Gaess and Ammelburg, 
Ber., 1894, 27, 2211 ; Meldola and Streatfeild, Trans., 1895, 67, 909). 

When the diazo-solution, obtained by adding sodium nitrite to 
1-nitro-8-naphthylamine suspended in alcoholic hydrochloric acid, is at 
once added to an alkaline solution of §-naphthol, the precipitate pro- 
duced consists of a mixture of 1-chloronaphthalene-2-azo-8-naphthol 


} 
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with the corresponding nitroazo-compound. This result indicates that 
the transformation requires an appreciable interval of time for its 
completion. This reaction will be made a subject for further research. 


Concurrently with the above investigation, the study of the action 
of diazonium salts on the disubstituted m-diamines has been carried on 
in conjunction with Mr. G. M. Norman. 

The action of diazonium salts on diamines of the types I, 11, and IV, 


apes Y 
x \NH I. xX NH 
-.. a, 
NH, Y NH, 


: Y 
III. 4 \NH, Iv. x{ NH, 
NH, Y Ni, 


has already been investigated, the results indicating that the bases of 
the series I and II form azo-derivatives in practically theoretical 
amounts, whereas the symmetrically constituted diamines, IV, give 
rise to azo-compounds far less readily, the yields being comparatively 
small. 

This difference is attributable to the fact that, in the first two 
series, the diazo-complex can enter a para-position with respect to 
amidogen, whereas in series IV only an ortho-position is available. 

The diamines corresponding with formula III actually contain two 
reactive para-positions, and it might be supposed that these bases 
would yield azo-derivatives with great facility. Experiments were ac- 
cordingly instituted with the view of placing on record the production of 
azo-compounds from 2: 6-diamino-p-xylene and 2 :5-dichloro-m-phenyl- 
enediamine. 

In the case of the former base, our investigations were anticipated 
by Noelting and Thesmar (Ber , 1902, 35, 628), who described the azo- 
compound, benzene-3-azo-2 : 6-diamino-p-xylene, obtained from this di- 
amine by the action of benzenediazonium chloride. 

2 : 5-Dichloro-m-phenylenediamine is obtained by the reduction of the 
corresponding dinitro-p-dichlorobenzene, a substance produced by the 
direct nitration of p-dichlorobenzene. 

The nitration product consists chiefly, however, of the isomeric 
2: 5-dinitro-1 : 4-dichlorobenzene, the required 2 : 6-dinitro-1 : 4-dichloro- 
benzene being only a bye-product. 

This result is of interest, because it affords another illustration of 
the fact that as substitution progresses the rules governing the orient- 
ation of the entrant radicles become considerably modified. For 
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example, the nitration of nitrobenzene or any benzenoid mononitro-. 
compound containing only one other substituent leads to the formation 
of a metadinitro-compound as the chief product, this result being in 
accordance with the “meta” law of substitution. When, however, 
the molecule already contains two other substituent radicles in addition 
to the nitro-group, this law seems to be partially abrogated in favour 
of a tendency leading to the production of the di-para-compound. 
Thus, nitro-p-dichlorobenzene undergoes further nitration in accordance 
with the following scheme : 


0, chief product. 


bye-product. 
Cl 


The mixture of diamines, obtained by reducing the crude nitration 
product, is fractionally crystallised from water, the chief constituent, 
2 :5-dichloro-p-phenylenediamine, being almost insoluble in this medium, 
whilst the isomeric base, 2 : 5-dichloro-m-phenylenediamine, readily dis- 
solves in the hot solvent. The latter base is shown to be a meta-diamine 
by giving, with acetic anhydride, a diacetyl derivative, whereas an 
ortho-diamine would furnish an anhydro-base ; moreover, it readily 
yields azo-compounds and does not condense with phenanthraquinone 
to form an azine. 

The action of diazo-compounds on the isomeric 4 : 6-dichloro-m-pheny]- 
enediamine has already been investigated (this vol., 97), but an 
azo-compound, produced by condensation with a simple diazonium salt, 
has not hitherto been isolated. Combination has now been effected by 
operating with p-nitrobenzenediazonium chloride in alcoholic solution, 
Under these conditions, p-nitrobenzene-2-az0-4 : 6-dichloro-m-phenylene. 
diamine is produced ; the yield of azo-compound, however, is not quan- 
titative, but comparable in amount with that obtained from other 
disubstituted m-diamines of the series IV. 

There can be little doubt that the property of forming 0-azo-com- 
pounds is common to all aromatic primary m-diamines having the 
general formula IV, although experiments made on tetramethyl-4 : 6- 
diamino-m-xylene tend to show that this capacity for condensation with 
diazo-compounds is lost when the bases are completely alkylated (this 
vol., i, 656). 

The tendency for the diazo-radicle to enter the ortho-position with 
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respect to the aminic nitrogen atoms may manifest itself even when 
one of the reactive para-positions is unsubstituted. Noelting and 
Thesmar (/oc. cit.) have shown that this occurs when benzenediazonium 
chloride interacts with 3 : 5-diamino-o-xylene, the product consisting of 
a mixture of benzene-6-azo-3 ; 5-diamino-o-xylene and the o-azo-deriv- 
ative, benzene-4-azo-3 : 5-diamino-o-xylene. 

An attempt was made to prepare a disazo-compound of tolylene- 
2: 4-diamine containing one of the azo-complexes in the position con- 
tiguous to the two aminic nitrogen atoms by treating p-bromobenzene- 
5-azotolylene-2 : 4-diamine with p-nitrobenzenediazonium chloride in 
alcoholic solution; the experiment, however, was unsuccessful, the 
products being ill-defined and tarry. 


EXPERIMENTAL. 
I. Diazoamines from 1-Chloro-B-naphthylamine. 


o- Nitrobenzene-2-diazoamino-1-chloronaphthalene, 
NO,°C,H,N,"NH°C,,H,Cl, 

prepared by slowly adding a glacial acetic acid solution of 1-chloro-f- 
naphthylamine to a cold dilute hydrochloric ‘acid solution of o-nitro- 
benzenediazonium chloride, separates immediately as a light tyellow 
precipitate, even without the addition of sodium acetate. When crys- 
tallised from benzene, it forms pale yellow leaflets sparingly soluble in 
alcohol but dissolving readily in the solvent in the presence of sodium 
hydroxide to a deep purple solution of its sodium derivative. The 
diazoamine, when slowly heated, decomposes at 194°, but when more 
rapidly heated it remains unchanged below 202—204°: 


0°2140 gave 31°3 c.c. moist nitrogen at 20° and 765 mm. N=16°84, 
0°1564 ,, 0:0682 AgCl. Cl=10°78. 
0:1493 ,, 0°0642 AgC]. Cl=10°64. 

C,,H,,0,N,Cl requires N=17'15 ; Cl= 10°87 per cent. 


m-Nitrobenzene-2-diazoamino-1-chloronaphthalene, produced in pre- 
cisely the same manner as its isomeride, separates from benzene in 
transparent, yellowish-brown, prismatic crystals, which, when suddenly 
heated, decompose at 142°, this decomposition taking place at 137° if 
the temperature is raised very slowly. 

It should be pointed out that the decomposition temperatures of the 
diazoamines derived from 1-chloro-B-naphthylamine vary within very 
wide limits and appear to be considerably influenced by the size of the 
crystals, the rate of heating, the quantity of the material employed in 
the determination, and the amount of agitation to which the substance 
is subjected. 
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The diazoamine is sparingly soluble in alcohol, but dissolves in 
alcoholic sodium hydroxide to a dark brownish-red solution : 


0°2280 gave 33 c.c. moist nitrogen at 19° and 765mm. N=16°80. 
01207 ,, 0°0546 AgCl. Cl=11°19. 
01726 ,, 00773 Agdl. Cl=11-08, 

C,,H,,0,N,Cl requires N = 17:15 ; Cl=10°87 per cent. 


Action of Nitrous Acid on 1-Nitro-B-naphthylamine. 

The solution obtained by adding the calculated amount of sodium 
nitrite to 3:2 grams of 1-nitro-8-naphthylamine suspended in alcoholic 
hydrochloric acid was treated with 3°5 grams of 1-chloro-8-naphthyl- 
amine dissolved in glacial acetic acid; the mixture assumed a dark 
orange colour and a yellowish-brown precipitate rapidly separated. 
Water was added to complete the separation of the insoluble product ; 
the latter was collected, dried, and extracted with small quantities of 
warm alcohol in order to remove any uncombined bases, the residue 
being then crystallised from benzene. The crystalline product con- 
sisted of 2-diazoamino-1-chloronaphthalene, which separated in orange- 
yellow needles decomposing at temperatures varying from 145—159° 
according to the rate of heating : 


01708 gave 17 c.c. moist nitrogen at 19° and 768 mm. N=11°52. 
01154 ,, 0°0862 AgCl. Cl=18°47. 
C,,H,,N,Cl, requires N=11°47 ; Cl=19°39 per cent. 
The final benzene mother liquors gave a further crop of crystals of 
this compound, identified by the following analysis : 


0°0916 gave 9°5 c.c. moist nitrogen at 18° and 758mm. N=11°94, 


Hence the only diazoamine produced in the above condensation is 
due to the interaction of a 1-chloronaphthalene-2-diazonium salt on 
1-chloro-B-naphthylamine. The yield of the product is 5 grams. 

The oily residue, obtained by evaporating the alcoholic extract to 
dryness, became solid on treatment with acetic anhydride, and the 
product, when crystallised from hot water containing animal charcoal, 
separated in felted, white, silky needles melting at 148°, the melting 
point of 1-chloroaceto-8-naphthalide being 147°. 

The aqueous filtrate from the crude diazoamine was poured into a 
cold alkaline solution of 8-naphthol, the resulting azo-derivative being 
crystallised from ethyl acetate. After one crystallisation from this 
solvent, the azo-compound, 1-chloronaphthalene-2-az0-B-naphthol, was 
obtained in a state of purity : 

0°1472 gave 10°7 c.c. moist nitrogen at 18° and 763 mm. N=8°43. 

0:0953 ,, 0°0410 AgCl. Cl=10°67. 

C.9H,,0N,Cl requires N = 8°42 ; Cl= 10°67 per cent. 

VOL, LXXXI 42 
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This compound crystallises in dark red prisms having a brilliant 
bronzy reflex; it melts at 234°, is sparingly soluble in alcohol, but 
dissolves more easily in benzene ; with concentrated sulphuric acid, it 
develops a beautiful bluish-purple coloration. 

The quantities of 1-chloroaceto-B-naphthalide and azo-derivative 
obtained in the preceding operations amounted tol gram and 2 grams 
respectively, and together with the weight of the diazoamine accounted 
for practically the whole of the two bases employed in the experiment. 

The diazo-solution, obtained by adding sodium nitrite to 1-nitro-B- 
naphthylamine suspended in alcoholic hydrochloric acid, when 
immediately added to an alkaline solution of -naphthol furnished a 
mixture of azo-compounds giving the following numbers on analysis : 


0°1180 gave 10°4 c.c. moist nitrogen at 18° and 758 mm. N= 10°16. 
01105 ,, 0°0303 AgCl. Cl=6-°78. 


These results correspond with the composition of a mixture of 60 
per cent. of the chloroazo-compound, C,,H,Cl-N,°C,,H,°OH, with 40 
per cent. of the nitroazo-derivative, NO,°C,,H,*N,°C,,H,°OH, derived 
from the untransformed 1-nitronaphthalene-2-diazonium salt, 


II. Action of Diazonium Salts on Dichloro-m-phenylene- 
diamines. [With Gzoraz M. Norman, B.Sc.] 


Preparation of 2: 5-Dichloro-m-phenylenediamine. 


p-Dichlorobenzene is readily converted into nitro-p-dichlorobenzene 
on nitration with 1‘5 parts of a mixture containing two parts of 
nitric acid of sp. gr. 1°54 and three parts of concentrated sulphuric 
acid. After mixing the reagents together at the ordinary temperature, 
the reaction is finished on the water-bath. 

The introduction of the second nitro-group is far less readily effected, 
and even after repeatedly treating nitro-p-dichlorobenzene with a mix- 
ture of fuming nitric and sulphuric acids on the water-bath the pro- 
duct consisted almost entirely of the unaltered mononitro-compound. 
The nitration was, however, accomplished at 110—115° by the action 
of excess of fuming nitric acid mixed with sulphuric acid containing 
10—15 per cent. of sulphur trioxide. 

The crude nitration product was reduced in quantities of 50 grams 
with 65 grams of iron filings, 6 c.c. of hydrochloric acid and 400 c.c. 
of water, the operation being completed on the water-bath. The 
product was rendered alkaline with sodium hydrogen carbonate and 
filtered while hot, the precipitate of iron oxide being washed with 
boiling alcohol. The aqueous filtrates on cooling yielded a crystalline 
base melting at 83—85° ; this substance, after repeated crystallisation 
from water, finally melted at 99—100°. In each crystallisation, care 
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vas taken to employ an amount of solvent insufficient to dissolve the 
vhole of the material. The insoluble residue accumulated in this 
manner melted at 162—163°, being thus identified as p-dichloro-p- 
phenylenediamine, the melting point of which is given as 164°. The 
residue obtained on evaporating down the alcoholic extracts consisted 
principally of the p-diamine. 

The isomeric base, 2: 5-dichloro-m-phenylenediamine, melting at 
99—100°, crystallises from water in long, colourless, silky needles which 
become faintly pink on prolonged exposure to the atmosphere : 


01246 gave 174 c.c. moist nitrogen at 19°and 751 mm. N=15°85. 
0°1309 ,, 0°2136 AgCl. Cl=40°36. 
C,H,N,Cl, requires N= 15°82 ; Cl= 40°11 per cent. 


Diacetyl-2 :5-dichloro-m-phenylenediamine, C,H,Cl,(NHAc),, obtained 
by warming the base with excess of acetic anhydride, separates from 
alcohol in minute, white needles melting above 260°: 


0:0738 gave 0°0803 AgCl. Cl= 26°91. 
C,9H,,0,N,Cl, requires Cl = 27:20 per cent. 


The benzoyl derivative, prepared by the Schotten-Baumann process, 
crystallises from ethyl acetate in felted acicular prisms melting at 
220°: 


0:0488 gave 0°0374 AgCl. Cl=18°96. 
C,)H,,0,N,Cl, requires Cl= 18°44 per cent. 


p-Nitrobenzene-4-az0-2 : 5-dichloro-m-phenylenediamine, 
NO,°C,H,'N,°C,HCl,(NH,),, 
results from the action of p-nitrobenzenediazonium chloride dissolved 
in dilute hydrochloric acid on an aqueous solution of 2 : 5-dichloro-m- 
phenylenediamine containing excess of sodium acetate ; the yield of azo. 
compound is satisfactory, the reaction taking place without appreciable 
evolution of nitrogen. The product did not crystallise readily from 
the ordinary solvents, and on this account, and also because of the 
small amount of material available, it was not obtained in a pure con- 
dition. It separates from benzene in dark brown, nodular aggregates : 


0°2158 gave 37°7 c.c. moist nitrogen at 18°and 763mm. N=20°26. 


01454 ,, 01388 AgCl. Cl=23°61 
C,,H,O,N,Cl, requires N = 21°47 ; Cl= 21-80 per cent. 


The high percentage of chlorine is probably due to the presence of a 
certain amount of the hydrochloride of the azo-compound which re- 
sisted the action of sodium acetate. The substance melts indefinitely 
at 210—230° and develops a deep purple coloration with concentrated 
sulphuric acid. 
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p-WVitrobenzene-2-azo-4 : 6-dichloro-m-phenylenediamine is isomeric with 
the preceding compound and results from the action of a dilute hydro- 
chloric acid solution of p-nitrobenzenediazonium chloride on an alcoholic 
solution of 4 : 6-dichloro-m-phenylenediamine, these reagents being 
present in molecular proportion ; it separates as a dark red precipitate 
and crystallises from ethyl acetate in beautiful dark red needles melt- 
ing at 258°. The yield of this azo-compound is about 45 per cent. of 
the theoretical : 


0°1454 gave 26°2 c.c. moist nitrogen at 20° and 769 mm. N = 20°90. 
01314 ,, 01148 AgCl. Cl=21°61. 
C,,H,O,N,Cl, requires N = 21°47 ; Cl= 21°80 per cent. 


p-Bromobenzene-5-azotolylene-2 : 4-diamine, 

C,H, Br°N,*O,H,(NH,),"CH,, 
produced by adding excess of ammonia to a dilute hydrochloric acid 
solution containing equivalent amounts of p-bromodiazonium chloride 
and tolylene-2 : 4-diamine, separates as a yellow, ochreous precipitate, 
and is purified by crystallisation from benzene ; it separates from this 
solvent in golden-yellow leaflets, and from ethyl acetate or alcohol in 
reddish-yellow flakes with a golden lustre, the melting point being 
179—180° : 


0°2055 gave 32°9 c.c. moist nitrogen at 20° and 757 mm. N= 18°22. 
01571 ,, 0°0988 AgBr. Br=26-70. 
C,,H,,N,Br requires N=18°36 ; Br= 26°23 per cent. 


If sodium acetate is employed instead of ammonia in the preparation 
of this azodiamine, a stable, red hydrochloride is precipitated which 
is not decomposed by excess of the acetate. The yield of the azo- 
derivative is practically quantitative. 

p-Bromobenzene-5-azo-2 : 4-diacetyltolylene-2 : 4-diamine, 

C,H, Br-N,°C;,H,Me(NHAc),, 
produced by gently warming the azodiamine with a mixture of acetic 
anhydride and glacial acetic acid, crystallises from alcohol in reddish- 
yellow leaflets and melts at 228°: 


0°2066 gave 26°4 c.c. moist nitrogen at 18° and 750mm. N=14°56. 
O,,H,,0O,N,Br requires N = 14°40 per cent. 

The dibenzoyl derivative, prepared by the Schotten-Baumann process, 

separates from alcohol in small, ill-defined crystals melting above 250°. 


Roya CoLLEecE oF Science, LONDON. e 
South Krensineron, 8. W. 
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CXX XIX.—Observations on the Phenomena and Products 
of Decomposition when Normal Cupric Acetate ts 


Heated. 


By Anprea AncEL, B.A., Dixon Scholar, and A. Vernon Harcourt, 
M.A., F.R.S., Lee’s Reader in Chemistry, of Christ Church, Oxford. 


“Ce ne sont pas toujours les résultats des opérations chimiques quit 

fournissent le plus de lumiéres aux Chimistes-observateurs ; l’examen des 
différens phénoménes qui accompagnent ces opérations, est souvent un moyen 
de saisir des vérités fugitives, pour ainsi dire, qu'il aurait été impossible 
d’apercevoir autrement.”* 
THE changes which verdigris, or cupric acetate, undergoes when heated, 
attracted the attention of chemists during a long period,t the heating 
of this salt being in use as a method of preparing concentrated acetic 
acid. 

In 1754, M. de Courtanvaux, happening to rectify on a very cold 
day some ‘“‘ radical vinegar” obtained from Dutch verdigris, observed 
with surprise the freezing of the distillate. Another winter, eight 
years later, he repeated this observation, and made others. The first 
six fractions from a distillation of five pounds of verdigris were 
successively more dense and more acid, the seventh was more acid but 
less dense ; and, unlike the others, when it was heated it gave off an 
inflammable vapour. 

In 1773, M. de Lassone observed that the weight of cupric acetate 

* M. de Lassone. Sur les phénoménes que présentent la distillation du Verdet 
et du sel de Saturne (Histoire de ? Académie Royale des Sciences, 1773, 26). 

+ Previous papers on the same subject : 

Courtanvaux, Memoires de l Académie, 1754. 

Lassone, Histoire de l'Acad. Royale des Sciences, 1773, 26, and Memoires, 60; 


also Crell, Chem. Journal, 1780, 4, 103. 
Chaptal, Annales de Chimie, 1798, 25, 321; 1798, 28, 113. 


Adet, ee » 1798, 27, 299. 
Proust, re » 1799; $2, 35. 

Darracq, - », 1802, 44, 264, 
Fourcroy, __,, : 1802, 42, 225. 


Proust, Journal de Physique, de Chimie, et d’ Histoire Naturelle. Messidor, An. 13. 
Derosnes, Annales de Chimie, 1807, 68, 267. 

Mollerat, a - 1808, 68, 88. 

Chenevix, ,, = 1809, 69, 1. 

Gehlen, Schweigger’s Journal fiir Chemie und Physik, 1812, 4, 23. 

Vogel, Journal de Pharmacie, 1815, 1, 339. 

Berzelius, Poggendorff’s Annalen, 1824, 2, 252. 

Wohler, Liedig’s Annalen, 1836, 17, 137. 

Roux, Revue Scientifique et Industrielle, 1846, [ii], No. 8, p. 5. 

Foerster. Ber.. 1892, 25, 3419. 
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subjected to distillation exceeded that of the liquid product and solid 
residue, and inferred that some gas had escaped. He also noticed and 
described a white, crystalline sublimate, lighter than flowers of zinc, 
which was a cuprous salt. 

Between 1798 and 1802, several chemists took part in a controversy 
as to whether the acetous acid of vinegar and the acetic acid, or radical 
vinegar, obtained by the destructive distillation of cupric acetate, were 
different, as had hitherto been believed, or identical. Chaptal, Fourcroy, 
and Berthollet supported the old view. Crystallised verdigris was 
copper acetite. When this substance was heated, there were carbon 
and copper in the residue. By an elimination of carbon and by taking 
oxygen which had been in combination with the copper, the acetous 
acid of the salt was changed into the acetic acid of the distillate. 
Chaptal also prepared from ordinary vinegar and from radical vinegar 
two acids of the same density, but differing in their power of 
neutralising potash and in several other properties. It had not yet 
been observed that a more and a less dilute acetic acid may have the 
same density. 

Adet, Proust, and Darracq maintained and proved the identity of 
the two acids. ‘* Acetous ” acid, distilled with sulphurous acid to preclude 
oxidation, resembled that from the distillation of copper ‘‘acetite ” and 
yielded similar salts. Copper acetate, prepared by saturating radical 
vinegar with copper oxide, had the same crystalline form, and decom- 
posed when heated with the same phenomena as copper ‘‘acetite” 
extracted from verdigris. With mercury, lead, iron, and tin, the 
behaviour of the two acidsis the same. Copper ‘‘acetite” precipitated 
by sulphuretted hydrogen gives acetic acid, and here there can have 
been no oxidation. Distillation of vinegar from calcium chloride 
yields an acid exactly resembling that from copper acetate, and there 
is no separation of carbon. Finally, Fourcroy and Berthollet admit that 
they are convinced. 

Some years later, 1806-1809, Proust, the brothers Derosnes, 
Mollerat, and Chenevix made further observations on the distillation 
of cupric acetate. For shortness’ sake, we wil! again summarise a group 
of observations. The white sublimate was observed, but mistaken 
for dehydrated cupric acetate. About 20 kilos. of “ verdet” yielded 
on distillation nearly 10 kilos. of liquid and left a residue, mistaken 
for copper oxide, weighing 62 kilos. The variations in density of the 
liquid distillate, which did not correspond to the variations in acidity, and 
the formation of an inflammable liquid were observed. Soon after, the 
discovery was made that when acetic acid is progressively diluted with 
water, the density first increases and then diminishes. The inflammable 
liquid, called pyroacetic ether or spirit, was acetone. It was well shown 
by Chenevix that the copper in the residue is metallic copper, and that 
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it is associated with a small proportion of a black substance which he 
regarded as carbon. 

Further observations of these changes were made in 1812 by Gehlen, 
who showed that the light sublimate was anhydrous cuprous acetate, 
and that the gases evolved were not hydrogen or hydrocarbons, as 
previous observers had stated, but consisted of carbon dioxide and 
carbon monoxide. In 1815, A. Vogel published fresh observations on 
the distillation of acetate of copper. He notes, as others had, that 
the salt decrepitates, and does not fuse in its water of crystallisation. 
The white crystals which formed in the neck and at the bottom of the 
retort he takes to be anhydrous acetate, since in damp air it became 
of a blue colour; the gas evolved is carbon dioxide mixed with one- 
fifth its bulk of a hydrocarbon ; the residue consists of copper, cuprous 
oxide, and carbon. In 1824, Berzelius observed that when verdigris 
is gradually heated there is obtained at a certain period a white 
sublimate which fills the body of the retort with a light, woolly crystal- 
lisation. He states that this substance is cuprous acetate, and that 
it did not change on exposure to moist air. Attempts made by him 
and by previous observers to produce the same substance by the 
reduction of cupric acetate with copper were unsuccessful. 

The last observations we have found were made by Roux in 1846. 
He heated copper acetate in an open tube, the lower part of which was 
plunged in a bath of fusible alloy. Up to 140°, water with but little 
acid was given off. He gives also the temperatures at which acetic 
acid is formed and at which the white sublimate and the gaseous pro- 
ducts appear ; these temperatures are much higher than the tempera- 
tures at which such changes occur when heat is applied very slowly 
and the substance is in a vacuum. 

To the many sets of observations of which a summary has been 
given, containing much that is contradictory and not much that is 
quantitative, the authors have added another, which, though still 
incomplete, will, they hope, add materially to our insight into a change 
of an interesting but very complex character, and contribute some 
useful suggestions of apparatus and methods for the prosecution of 
similar inquiries. 

When a few crystals of normal cupric acetate, Cu(C,H,0,),,H,O 
(prepared from the commercial salt by recrystallisation of a hot 
aqueous solution acidified with acetic acid), are heated in a test-tube, 
acetic acid is given off and condenses on the walls of the tube, copious 
brown fumes are evolved, and a bright, continuous, metallic coating of 
copper is deposited on the bottom and sides of the tube. As the coat- 
ing is produced where the salt is not in immediate contact with the 
glass, it must be deposited from some volatile compound containing 
copper, The nature of this volatile compound was first investigated. 

5A 2 
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For this purpose, some of the salt was placed in a porcelain boat in a 
horizontal glass tube, which was connected through a smaller tube, in 
which a bulb had been blown, with a second similar tube. The bulb 
was filled with cotton wool. The tube containing the boat was 
gradually heated, and the second tube, through which any gaseous 
products would pass, was kept at a temperature a little below a 
red-heat. To exclude air, hydrogen was passed slowly through the 
apparatus during the heating. When the salt was heated, moisture 
was evolved and a slight, copper-coloured mirror, which did not after- 
wards increase, was formed in the heated part of the second tube, 
The cortents of the boat became partially white, and a white deposit 
was observed above the boat on the tube. When this white deposit 
was heated, it was destroyed and a deposit of copper appeared on the 
glass tube. No brown fumes were evolved. It appeared probable 
from this that the while substance was a volatile copper compound ; 
that the slight mirror at first formed was due to the decomposition of 
a little of the compound which was carried forward, and that the 
non-increase of the coppery mirror might be due to the cotton-wool 
becoming wet with acetic acid and thus decomposing the sublimate 
and preventing it travelling forward. 

In a second experiment, the salt was heated gradually up to the boil- 
ing point of water, but no change in its appearance could be noted ; 
on heating it to a higher temperature in an air-bath while dry hydro- 
gen was passed over it, the white deposit was again observed, and in 
this case it was distinctly crystalline. The temperature of the bath 
when the white substance appeared was 195—200°. In a subsequent 
experiment, in which the temperature was raised more gradually, 
sublimation commenced at 173°. 

In these experiments, only small quantities of the white substance 
were obtained, and transmission of steam and of the vapour of acetic 
acid caused no increase. 

The behaviour of the salt when heated in a vacuous tube was next 
investigated. A tube of the shape shown in Fig. 1 (p. 1389) was 
made, and the lower compartment filled with the salt. The ap- 
paratus was then exhausted by means of a Sprengel pump, and the 
small tube by which the pump had been attached was drawn off and 
sealed. The tube containing the salt was then immersed, as shown, in 
a bath of melted paraffin (Fig. 2, p. 1389). 

The side-tube and bulb were to collect the liquid given off, the bulb 
being immersed in a dish of cold water to promote condensation. 
With this apparatus, no change was observed up to 130°, when a little 
liquid collected in the bulb. The next change noticed was a slight 
coppering of the faces of the crystals, which occurred at about 195°. 
The temperature was allowed to rise fairly quickly ; at 235°, the copper- 
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ing appeared to be slightly redder, especially on the parts of the salt 
touching the sides of the glass. No further change was noted until 
245°, when the salt appeared dull and paler. The redness had not 
increased or spread to any portion not in contact with the glass. 

At 246°, a sublimate appeared for the first time on the top of the 
crystals. The red patches disappeared (possibly owing to their being 
coated over with the white substance), and the whole of the salt lost 
its blue tint and became of a warm grey colour. Liquid continued to 
distil over, and no other change was noted until 260°, when some very 
small, glittering, crystalline particles appeared which disappeared again 
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at 273°. The top of the upper compartment of the apparatus had in 
the meantime become coated with sublimate, but this was washed 
down from time to time by condensed liquid; finally, however, the 
distillation of liquid ceased, and the top of the apparatus remained 
coated with sublimate. The whole of the substance in the lower 
bulb appeared of a chocolate-brown colour. After allowing the 
apparatus to cool, it was divided into three parts by sealing off at the 
side tube and in the middle. On heating the tube to seal off, the 
softened glass blew out, showing that a volume of fixed gas in excess 
of the capacity of the tube had been formed. 


1390 ANGEL AND HARCOURT: PRODUCTS OF DECOMPOSITION 


To investigate these products, and in particular to collect the gases 
formed and to prevent contact between the liquids which are condensed 
and the sublimate, a different form of apparatus was needed. The form 
which was finally adopted may be seen by reference to Fig. 3 (p. 1391). 


Description of Apparatus shown in Fig. 3. 


The tube in which the salt is heated is divided into two com- 
partments, A and U, by a constriction, in which a small bulb, 
H, is placed, to prevent the salt falling down into the lower 
or sublimate chamber, YU. The sublimate chamber is drawn out 
below into a narrow tube, bent as shown, J, and terminating 
in a capillary point, VY. The tube is fixed by means of a rubber 
cork, W, into a wider tube, B. The tube B is filled with oil, and is 
heated by means of a ring-burner consisting of a series of hard, glass 
tubes, Z, seven in number, of the shape shown in the figure, which 
allows of their being set close to, or further from, the tube B. The 
burner tubes fit into a wide glass chamber, J, which is supplied with 
gas by an inlet tube, 7. The gas, after a preliminary regulation by a 
gas-governor, passes through the regulator, /, before entering the inlet 
tube 7. This regulator, /, allows of the temperature being kept con- 
stant for a long time at any desired point. For this purpose, the 
temperature is set approximately by taking out or putting in oil at X, 
and the final adjustment is made by raising or lowering the fine tube 
A';a pin hole, B’ in A’, acts asa by-pass when the expansion of the oil 
in B raises the mercury in the regulator up to the end of the tube 4’, 
and soprevents the burners from being put out. By this vertical arrange- 
ment of the tube in the oil-bath, different zones of temperature are ob- 
tained, the object of which is to allow the sublimate to condense at a 
point where the temperature is still sufficiently high to prevent the 
acetic acid condensing also. Below the level of the burner-tips, the 
temperature of the sublimate chamber falls off rapidly, and the acetic 
acid and water condense at the bottom, apart from the sublimate, and 
flow down into the drawn out tube and thence into the washing bulbs. 
The tube B is supported by a clamp (not shown in the figure) at the 
narrow portion of the neck, below the two side tubes X and Y. 

D and D’ are two semicircular sheets of tin plate, partly shutting in 
the space enclosed by the wide, outer glass cylinder, C, which keeps up 
the temperature and prevents a draught from disturbing the flames. 
A thermometer, G, registers the temperature of the bath. Z is a ‘plate 
of mica to act as a shield. 

The drawn out tube, J, is fitted by a gas-tight mercury joint (shown 
in section in Fig 4, about its actual size), so that the capillary tube, 
V, delivers the liquid freely from its point into the tube of the washing 
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bulbs, 2. The washing bulbs, 2, are six in number, and are so 
arranged that when held by one end there is a continual fall from the 
first to the last bulb,so that they may be conveniently washed out. 
The three bottom bends form three points of a triangle, and allow of 
the bulbs standing on the balance pan or any flat surface without 
support. 

The bulbs are charged with water (3 or 4 ¢.c. in each pair), rather 
less being placed in the pair of bulbs nearest the capillary, as the main 
quantity of acetic acid and water from the decomposition of the salt is 
arrested there. By keeping the three portions of water separate, the 
washing is made much more complete, since only that portion of the 
acetic acid vapour which escapes from the first pair of buibs after the 
water in it is nearly saturated passes into the second pair, and only 
the residue of this into the third pair. The result is that practically 
the whole of the acetic acid is stopped, whereas this is not the case if 
the three portions of liquid are in communication. To prevent the 
distillation of liquid which is apt to occur when the vacuum is good 
and the atmosphere moderately warm, the bulbs are enclosed in a 
bath of ice and water which is wrapped round in cotton wool, P. As 
the contact of the glass of the bulbs with the zinc of the bath, O, has 
sometimes caused fracture, some folds of flannel, Q, are placed on the 
bottom of the bath. The bulbs are connected by another mercury 
joint, Z, with a drying tube, S, containing pumice moistened with 
sulphuric acid in the upper part and sulphuric acid in the lower. The 
drying tube, S, is connected by another mercury joint, M, with the 
Sprengel pump by which the gases are drawn off and collected. The 
washing bulbs and drying tube are of a form convenient for weighing. 


The Action of Heat on Copper Acetate. 


The first result of the action of heat on the salt is a forma- 
tion of liquid. With the apparatus described, it is somewhat 
difficult to determine exactly the temperature at which this occurs, 
but in one experiment it was observed at 115°. When the tempera- 
ture has reached 150—160°, the surface of the salt appears coppered 
in parts. This coppering occurs also when the salt is heated 
in carbon dioxide or hydrogen. It appears on the parts of the salt 
immediately touching the glass, and spreads somewhat irregularly over 
the surface of the salt, but never becomes uniform over the entire sur- 
face. The coppery deposit appears a long time before any trace of 
sublimate is seen, and occurs whether the salt is powdered or in 
crystals; in the latter case, however, the smooth surfaces of* the 
crystals give the coppering a more metallic appearance. 

The next noteworthy change is the deposition of sublimate and the 
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evolution of gas. These two changes occur together, and the tempera- 
ture at which they occur is about 230°. In some experiments, the sub- 
limate has been observed at 215°, and in others lower than this. The 
formation of sublimate is, however, so extremely slow that a com- 
plete experiment at these lower temperatures is impracticable. In one 
instance, the experiment was continued for a week and the tempera- 
ture kept below 212° the whole time; it was afterwards found that 
the decomposition was even then incomplete, and on reheating the 
residue at a higher temperature a small additional sublimation 
occurred, For this reason, in the later experiments, the temperature 
was allowed to rise fairly rapidly to 230°, at which temperature the 
decomposition can be completed in a reasonable time. When about 
8 grams of salt are used and the gas is pumped out at a convenient 
rate, the experiment can be completed in about 9} hours after the 
appearance of the sublimate. If the pressure of the gases is allowed 
to rise, the decomposition is retarded. 

The sublimate always appears at’a point in the sublimate chamber 
just below the level of the tips of the burners, and spreads down- 
wards. At this part, there is a very steep gradient of temperature. 
In one experiment, the temperatures of the extreme limits within 
which sublimate was being deposited were approximately determined 
by raising and lowering the thermometer. At the lower limit of the 
sublimate, the temperature was 103°, and at the upper limit 170°; the 
width of this zone was only 8 or 10 mm. 

The first portions of the sublimate are almost invariably crystalline ; 
as sublimation becomes more rapid, its appearance changes : it becomes 
grarular and nodular, growing out from the sides of the tube until a 
cake is formed at the top by the sublimate meeting in the centre. 
After this cake is formed, the sublimate increases upwards slightly, 
but only for a very short distance. After a time, the bottom of the 
deposit gradually becomes moist through a condensation of acetic 
acid, and a green band is formed which spreads slowly upwards. 
Finally, if the experiment is prolonged, the top of the sublimate 
becomes of a darker colour. Condensation of liquid and evolution of 
gas go on more and more slowly, and finally the decomposition comes 
to an end, and all that remains of the salt is a reddish-brown residue 
in the top chamber. The drawn out tube, J (Fig. 3), is then sealed 
off, the burner extinguished, and the apparatus allowed to cool. After 
the tube has been removed from the oil-bath, the chambers A and U 
(Fig. 3) are separated by sealing off. 

The following tables give the results of the experiments so far as 
the amounts of the different products obtained are concerned ; after- 
wards the different products are dealt with separately : 
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Experiment 32. || Experiment 34. || Experiment 35. 
Salt taken, in 
po. ; Per cent.|| o. Per cent.|| o, Per cent. 

10°5094. 100. 8°5886. 100. 8°7741. 100. 
SES ES eee ee 8°4628 | 32°95 2°7904 82°49 2°9221 33°31 
IIE icncccncesen.noees 0°3581 3°41 0°3616 4°21 0°2247 2°56 
PRD Bo cvcecccccocscsces 4°807 45°73 3°5960 46°04 4°069 46°38 

Water + a trace of acet- 

DES TRS DT OPCE TREC 0°7712*| 7°34 0°6331 7°40 0°6637 7°57 
Carbon dioxide ............ 0°8935 8°50 0°7333 8°54 0°7822 8:91 
Carbon monoxide ......... 0°1526 1°45 0°1235 1°44 071142 1°30 

Se 10°4452 | 99°38 8°5979 | 100°12 8°7759 | 100°03 


* The amount of acetone formed in this experiment was found to be 0°0013 gram, 
or 0°01 per cent. 


The Gases from Copper Acetate heated in a Vacuum. 


Although many chemists have observed the evolution of gas which 
occurs when cupric acetate is heated, no two of them agree as to the 
composition of the gaseous mixture. Thus, Gehlen finds the mixture 
to be 6 vols. of carbon dioxide and 5 vols. of carbon monoxide ; Vogel, 
4 vols. of carbon dioxide and 1 vol. of carburetted hydrogen ; Roux, a 
mixture of carbon dioxide and a combustible gas ; Chenevix, 2 vols. 
of carbon dioxide and 3 of hydrocarbon. 

In the present experiments, the gases collected after washing with 
water consisted only of carbon dioxide and carbon monoxide, approxi- 
mately 4 volumes of the former to 1 of the latter. In some of the 
earlier experiments, it was found that the gases contained some acetic 
acid vapour, which had to be washed out before they were analysed. 
When the last form of washing bulbs (shown in Fig. 3) was used, 
the acetic acid was completely stopped. As none of the chemists 
above-mentioned washed the gases with water, it is probable that some 
acetic acid vapour was mixed with the permanent gases and consti- 
tuted the “ hydrocarbon” which several mention. 

The method of analysis was as follows. The gas was collected over 
mercury at the exit of the Sprengel pump in tubes holding about 40 c.c. 
The amount of carbon dioxide was estimated by absorption with 
potash and the residue exploded with an excess of oxygen. A second 
absorption by potash and, in some cases, an estimation of the residual 
oxygen by absorption with pyrogallol or explosion with hydrogen, 
completed, the analysis. We found, as others must, that when the 
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gas in which oxygen is to be estimated by pyrogallol is unmixed 
oxygen, the potash used must be very strong. 
In some cases, one portion of gas was divided into two parts and 
each half analysed separately. Portion XI, Expt. 32, and Portion II, 
Expt. 34, were treated in this way, and the numbers obtained were : 


7 First Second. 
First part. | Second part. per ¢ ny per ont, 
Portion XI, 32: 
Taken for analysis.. ...... 45°05 47°50 100 100 
Carbon dioxide ............ 34°51 36°41 76°60 76°65 
Carbon monoxide ......... 10°39 10°93 23°06 23°01 
44°90 47°34 99°66 99°66 
Portion II, 34: 
Taken for analysis......... 42°67 51°64 100 100 
Carbon dioxide ............ 35°51 42°93 83°22 83°16 
Carbon monoxide Bingecesn 7°00 8°46 16°42 16°39 
42°51 51°39 99°64 99°55 


A table is given on p. 1396 which shows the results of the ana- 
lyses of the gases from different experiments, from which it will be 
seen that the mean ratio OO,:CO is approximately 4:1, that in the 
first portions of gas collected the proportion of carbon dioxide is in- 
variably greater than this, and that it then diminishes as the decom- 
position of the salt proceeds. 

The temperature of the salt was kept within a degree or two of 
230° and the pressure of gases upon it at 2 or 3 cm. The time required 
for the collection of eack portion of gas was about three-quarters of 
an hour. The evolution was rather more rapid at the beginning and 
showed a sudden decrease at the end. 

In most cases, the gas was collected under as low a pressure as pos- 
sible. It was found inexpedient to reduce the pressure below about 
a couple of centimetres of mercury, because water then evaporated 
quickly from the washing-tube into the sulphuric acid drying-tube 
and there was a danger of sulphuric acid spirting back into the bulbs, 
In Expt. 35, an attempt was made, by collecting the gases at 
different pressures, 1/3, 2/3, &c., of an atmosphere, to see whether the 
pressure influenced the ratio of carbon dioxide to carbon monoxide. 
It was found that at the higher pressures the proportion of carbon 
dioxide was slightly increased. 
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As the gas formed and collected consecutively in separate tubes had 
been found to consist wholly of carbon dioxide and carbon monoxide, 
in the later experiments only a few complete analyses were made, and 
in most cases the carbor dioxide was absorbed and the residue taken 
to be carbon monoxide. Where, in the tables, the numbers would add 
up to 100 exactly and the spaces have been left blank, the carbon 
monoxide was determined by difference. 

In Expt. 30, the analysis was made, during the repair of the 
gas analysis apparatus, by absorbing and weighing the carbon dioxide 
present, passing the rest through a tube over red hot copper oxide, and 
absorbing and weighing the carbon dioxide produced. 

It will be seen that the differences in the proportion of the two gases, 
in portions collected successively, far exceed the differences shown by 
two analyses of the same portion. There are, therefore, at least two 
changes, of which the gases are products, whose relative rates vary 
slightly as the decor ,osition of the salt proceeds, but are not greatly 
affected by changes of temperature or pressure. 


The Liquid Products. 


The liquid products of the decomposition of normal copper acetate 
at a gradually increasing temperature are water, acetic acid, and a 
trace of acetone. The amount of acetone found in these experi- 
ments is extremely small, for example, in Expt. 32, it was 0-01 
per cent. With some other acetates, for example, lead and calcium, 
acetone is the principal product, and some previous observers, working 
on a large scale, have obtained acetone from copper acetate. The 
brothers Derosnes, using more than 20 kilograms of the salt, got 
several ounces of acetone. The cause of the difference would seem to 
be that in distillations on a large scale substances produced at a lower 
temperature come into contact subsequently with the sides of the re- 
tort and with other substances at a much higher temperature, and 
thus secondary changes occur. This complication is avoided when we 
work with small quantities and raise the temperature very gradually. 
In the present experiments, it has been noticed that if the experiment 
is prolonged the top of the sublimate becomes discoloured, and if 
greatly prolonged, some of it is destroyed and a coppery deposit is 
formed on the sides of the sublimate chamber. In a good experiment, 
the amount of this decomposition is very small, and is probably com- 
parable in amount with the trace of acetone formed. If the acetone 
were a primary product of the decomposition of the cupric acetate, it 
would not be formed in such very small quantities. If, however, it is 
a product of the decomposition of the sublimed cuprous acetate, which 
is itself only a small product of the reaction and is only decomposed 
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to a small extent, the minute amount of acetone formed is accounted 
for, A possible equation is : 


Cu,(C,H,0,), = C,H,O + Cu,0 + CO, 


Estimation of Water, Acid, and Acetone. 


After the washing-bulbs had been weighed, they were emptied and 


washed, the liquid was made up to a known volume, and a portion _ 


taken for titration with standard alkali. 

The acetone was estimated in another portion by Messinger’s 
method, which depends on the conversion of the acetone into iodo- 
form by a standard solution of iodine in presence of potash solution, 
and estimation of the residual iodine by standard sodium thiosulphate 
and starch. Three molecules of iodine are required to convert one 
molecule of acetone into iodoform. The method was first tested with 
known quantities of acetone and found to be satisfactory. 

The water was estimated by difference. 


The Sublimate. 


The white substance, here called the sublimate, has been known for 
a long time as a product of this decomposition. Originally described 
as “ flowers of copper” it was afterwards found to be cuprous acetate. 
The small amount of it formed (1/1280 of the amount of the salt 
decomposed is given as the quantity by Lassone) has, however, hitherto 
prevented any analysis of it being made. The amount obtained varies 
in different experiments ; the largest amount obtained in these experi- 
ments was 4°21 per cent. (Expt. 34). Also it is very easily decomposed. 
As ordinarily prepared, by heating cupric acetate, it is apt to contain 
traces of acetic acid, and this causes it to turn green when exposed to 
the air; if it is free from acetic acid, itis fairly permanent. Water turns 
it yellow, forming cuprous oxide or hydroxide. When it is obtained 
by heating the salt in a tube through which hydrogen is passed, it 
forms beautiful, transparent, leafy crystals, and the first portion that 
appears when the salt is heated in a vacuum is always crystalline. It 
can be resublimed in a current of gas (hydrogen, carbon monoxide, 
&c.), but decomposes on streng heating, leaving a coppery deposit. 

The analysis of the sublimate was made as follows. The sublimate 
‘chamber, after being sealed off, was cleansed from all traces of oil. 
A file mark was then made near one end and a crack led nearly. round 
it, so as to allow air to enter slowly. After the air had entered, it 
was weighed. The tube was then parted at the crack and the contents 
washed out into a porcelain dish. The sublimate resisted the action 
of the water for a short time (it was not very easily wetted by water) 
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and then turned orange and red and also partly green. As the sublim- 
ate could not be wholly‘removed from the glass by water, a little dilute 
hydrochloric acid was used to dissolve it off. After having been washed 
and dried, the tube was weighed, the difference giving the amount of 
sublimate taken for analysis. As the amount of sublimate was small, 
not more than 0°2 to 0°3 gram, the whole of it was generally used for 
an estimation of the copper. A little nitric acid was added to produce 
the cupric salt and the liquid diluted and heated to boiling. The 
copper was precipitated with caustic soda and estimated as copper 
oxide. Two determinations of different samples gave 52°15 per cent. 
and 51°57 per cent. of copper respectively, the theoretical amount in 
cuproas acetate, Cu,(C,H,0,),, being 51°78. 


The Residue. 


The residue is a soft, light, reddish-brown powder. When 
crystals of the salt have been heated, they retain their form 
more or less in the residue. Under a magnifying glass, numerous 
glittering particles can be seen, and if one of the little nodules of the 
residue is pressed with a spatula on a flat surface so as to crush it, it 
is seen to consist, in addition to the small metallic specks, of a brown- 
ish-black, amorphous substance resembling some form of carbon. If 
the residue is powdered and then washed with a stream of water, a 
partial separation of the metallic particles from the carbonaceous 
material can be effected. This separation, however, is not complete 
enough for analysis. 

When ignited in a crucible open to the air, the carbonaceous mate- 
rial glows and burns away, while the copper is converted into copper 
oxide. The copper appears to be entirely in the metallic state, and is 
only mechanically mixed with the carbonaceous matter. The residue 
amounts almost exactly to one-third of the salt taken. It varies, how- 
ever, slightly in amount in different preparations, and this variation is 
connected with the variation in the amount of sublimate obtained ; 
the greater the amount of sublimate, the less is the amount of residue, 
as may be seen by reference to the table of the results of experiments 
32, 34, and 35. 

Although this residue has often been examined, and is stated to con- 
tain copper, cuprous and cupric oxides, and carbon, no analyses of it 
have been given beyond a statement of the percentage of a substance 
“which had all the properties of carbon.”’ It was hoped to determine 
the composition of this substance by a combustion. It was found, 
however, that in no case did the amount of carbon, obtained as carbon 
dioxide, suffice to make up with the copper the full amount of sub- 
stance taken ; alsoa little water wasalways formed. The black substance 
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must therefore contain oxygen and hydrogen as well as carbon. The 
numbers obtained in the combustions were : 


Copper. Carbon. Hydrogen. Oxygen by diff. Total. 


Expt. 32...... 90°39 6°02 0:237 3°353 100 
Expt. 34...... 90°14 5°83 0°30 3°73 100 
Expt. 35....... 91°58 6:00 0°21 2°21 100 


It was noticed during the combustion in Expt. 34 that moisture 
appeared in the calcium chloride tube before there was any sign of 
carbon dioxide, and before the substance, which was placed in a porce- 
lain boat, had begun to glow. ‘This pointed to the substance contain- 
ing moisture, and on trial it was found to be hygroscopic and to lose 
weight over sulphuric acid. When a little of the residue was placed 
on blue litmus paper and moistened with distilled water, a red spot 
appeared. ‘The black substance is slightly soluble and may have an 
acid reaction, or it may have retained or recovered from the contents 
of the nearly vacuous tube a little water and aeetie acid. 

Carbon dioxide, being one of the products of the reaction, 
seemed a suitable gas to employ for passing over the residue to assist 
in removing whatever is volatile. Accordingly, in order to prepare 
some quantity of the residue and examine the carbonaceous material, 
an experiment was made on a larger scale, in which about 46 grams of 
the salt were taken instead of the usual 5 or 10 grams, and dry carbon 
dioxide was passed through during the whole of the heating, which was 
continued during three days; the residue obtained had the usual 
appearance. 

Dilute nitric acid of semi-normal strength was employed to extract 
the copper. The results showed that the extraction was complete. 
After the usual washing and drying, the substance was placed in a 
porcelain boat within a glass tube heated to 105° and a stream of dry 
air was passed over it for five hours. 

The combustion still showed deposition of water before the substance 
began to burn visibly. There was no residue of cupric oxide in the boat, 
or sublimate in the combustion tube above. The presence of a little 
water would throw the carbon too low, and the hydrogen and oxygen 
too high ; in view of this, the formula which best represents the com- 
position of the substance is C,,H,0,: 


Found C = 65°30 ; H=2°11; O=32°59 per cent. 
C,,H,0, requires C= 65°99; H=2°01 ; O=32°00 __sez, 


That water is given off before a compound of carbon, hydrogen, and 
oxygen enters into visible combustion is, of course, no evidence that 
the hydrogen and oxygen which form the water were not constituents 
of the substance. If, however, it be assumed that all the water 
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collected in the combustion was attached as water to the actual 
substance, and the mass taken for combustion be reduced accordingly, 
there remains, as the actual substance, a compound of carbon and 
oxygen of which the most probable formula is C,,0,: 


Found C=80°56 ; O=19-44 per cent. 
C,,0, requires C= 80°50 ; O=19°50 ~ 


The composition of the residue may also be arrived at by subtracting 
from the quantities of copper, carbon, oxygen, and hydrogen in the 
copper acetate originally taken, the quantities of each element in all 
the volatile products. It will be seen that the composition thus 
calculated accords well with the results of analysis, leaving no doubt 
that the black substance, which, in admixture with metallic copper, 
forms the residue after prolonged heating of the salt in a vacuum, 
contains a considerable amount of oxygen. 


Experiments 34 and 35. Masses of each element from 100 of Cu(C,H,0,).,H,9. 


Copper. Carbon. Hydrogen. Oxygen. 

: 2°18 0°82 0°10 1°10 

Tn WEDNAEO ..cc0s0csceses { 1°33 0°5 0-06 0°67 

ie ~~ 18°42 3°07 24°55 

Im BOCES OIE o..5.50s005.00 { 18°55 3-09 24°73 

— —- 0°82 6°58 

By IN ei casiss? dcnceseed { ras Bre 0°84 6°72 

— _ 2°33 —_— 6°21 

In carbon dioxide ......... { 2°43 “ei 6°48 

‘ a 0°62 — 0°82 

In carbon monoxide ...... { ad 0°56 et 0°74 

Sum of two experiments 
(to be divided by 2) 3°51 44°23 7°98 78°60 
| 

OE sivitiwnesinns 1°75 22°11 | 3°99 39°30 

In 100 of Cu(C,H,0,).,H,0] 31°78 24°06 4°04 40°11 

Hence, in residue ............ 30°03 1°95 0°05 0°81 

In residue, by analysis...... 29°9 1°94 0°08 0°98 
(Mean of Expts. 34 and 35) 


The excess of oxygen and hydrogen in the composition of the residue 
VOL. LXXXI. 5 B 
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shown by analysis is doubtless due to the hygroscopic character of the 
substance and the small quantity available for analysis. 

The authors hope to make a similar examination of the phenomena 
and products when copper formate is gradually heated in a vacuum. 


Dr. LEE’s LABORATORY, 
Curist CourcH, OXFORD. 


CXL.—The Resolution of B-Hydroxybutyric Acid into 
its Optically Actwe Components. 


By Atex. McKenzie. 


Or the three B-hydroxybutyric acids, two have previously been described. 
The inactive acid was prepared by J. Wislicenus (Annalen, 1869, 149, 
205) by the reduction of ethyl acetoacetate with sodium amalgam. 
The dacid is an important biological product discovered by Minkowski 
(Arch. exp. Path. Pharm., 1884, 18, 35, 147) and Kiilz (Zeit. Biol., 1884, 
20, 165) in the urine of patients suffering from Diabetes mellitus. It 
is excreted in very large amount, more particularly when the patient 
is in the coma stage ; Magnus-Levy, for instance, who has lately made 
an exhaustive study of the bearing of this acid on diabetes, cites one 
case where he found so much as 119 grams in one day. It is not yet 
known by what process such large quantities are produced in the 
organism, although it now appears to be established that the acid is 
not a product of albuminoid decomposition. 

In this paper, the preparation of the d- and /-acids from the inactive 
compound is described. The alkaloidal salts’ formed by the inactive 
acid are easily soluble in most solvents and are not readily crystal- 
lisable. Quinine was found to be the most suitable alkaloid for effecting 
the resolution, the salt of the /-acid being easily crystallisable and less 
soluble in water than that of the d-acid. 


1-Acid. 


An aqueous solution of inactive B-hydroxybutyric acid (prepared by 
Wislicenus’ method) was neutralised by heating with 180 grams of 
quinine, and the clear, syrupy solution (450 c.c.) cooled and sown with 
a nucleus of the /-acid-/-quinine salt prepared from the acid obtained from 
diabetic urine. After remaining for 24 hours at 7°, the semi-solid mass 
was separated, and the filtrate, which in the course of three months did 
not crystallise, was laid aside to be subsequently treated for the isola- 
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tion of the d-acid. ‘The solid was fractionally crystallised from water. 
The solutions, when cool, were sown each time with a nucleus of the 
pure salt and the crystallisations conducted at temperatures varying 
from 6° to 8°. As the quinine salts of the d- and /-acids melt within 
2° of one another, melting point determinations were of little service 
as an indication of the progress of the resolution. Further, the 
difference in optical activity between the two salts is so slight that 
determinations of [a], in successive crops are also of little value. In 
the special case of this acid, however, the rotation of the naturally- 
occurring /-isomeride has been accurately determined by Magnus-Levy 
(Arch. exp. Rath. Pharm., 1901, 45, 389), so that, when the separation 
had reached a certain point, portions of successive crops were decom- 
posed in the manner described below and the rotation of the resulting 
acid examined. 

Sixty grams of the /acid-/-quinine salt were finally obtained. The 
water of crystallisation was estimated in the air-dried product : 


1:1808, at 100°, lost 0°1876 H,O. H,O=15°8. 
O,)H,,0,N.,C,H,0,,44H,0 requires H,O = 15:9 per cent. 


The air-dried salt is much more soluble in hot water than in cold, 
from which it crystallises in needles grouped in rosettes, It is easily 
soluble in cold ethyl alcohol and in hot ethyl acetate, moderately so 
in boiling chloroform, and sparingly so in boiling acetone, ether, 
benzene, or carbon tetrachloride. The air-dried salt melts indistinctly 
between 60° and 70°; when deprived of its water of crystallisation, 
it melts at 124°5—125°5°. The specific rotation of the air-dried 
salt was determined in ethyl] alcohol : 


1=4,c=2'814, a” —1462°, [af —129-9°. 


The /-acid was prepared from diabetic urine according to Magnus- 
Levy’s method (loc. cit.) and was converted into quinine salt. The 
latter resembled the above described product in crystalline form, 
melting point, and rotatory power, the specific rotatory power of the 
air-dried product being [a }5” — 129°0° (c= 2°8052). 

The 60 grams of the quinine salt were dissolved in cold water, 
decomposed by a slight excess of normal caustic potash solution, and 
kept at 0° overnight. After removal of the quinine, the filtrate was 
concentrated and then shaken several times with chloroform to ensure 
the removal of quinine. After addition of normal sulphuric acid 
solution equal in amount to the alkali previously added, the B-hydr- 
oxybutyric acid was extracted with ether in a continuous extraction 
apparatus. The acid was obtained first of all as a syrup; an aqueous 
solution, the concentration of which was determined by titration against 

5 B2 
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normal potassium hydroxide solution with phenolphthalein as indicator 
gave the following result : 


1=4, c=8'3304, al” - 8-319, [a B® —24-9°. 


On standing for several months over sulphuric acid in a partial 
vacuum at about 4°, the syrup solidified. The acid is easily soluble 
in most of the common solvents and melts at about 45:5—48°. It 
was found impossible to get the melting point sharper, as the acid is 
exceedingly hygroscopic. The specific rotation, where the con- 
centration was estimated by direct weighing, was determined with the 
following results : 


Solvent. 1. 6. t. Gp. [@ ]p. 

ii tock vacstxesssaicess 2 3°264 20° — 1°62° — 24°8° 
Ethyl alcohol............... = 8*2072 18 2°87 175 
ie RE o 4°994 1 1°75 17°5 
ENS 4 1°9976 * 1°38 17°3 


The rotation is only slightly affected by the presence of alkaline 
uranium nitrate (Walden, Ber., 1897, 30, 2889). A solution with 
c=0°328 gave aj’ —0:21° (J=2), whereas for a solution of this con- 
centration in the absence of the alkaline uranium nitrate, the rotation 
is calculated to be ay — 0°16° (/=2). 

The sodium salt having [a]> — 14°5° (e=8'518) was analysed : 


0:3430, dried at 110°, gave 0°1963 Na,SO,. Na=18°6. 
U,H,O,Na requires Na=18°3 per cent. 


For the purpose of obtaining a nucleus of the quinine salt of the 
Lacid, it has been already mentioned that the acid was prepared from 
urine by Magnus-Levy’s method. The optical activity of the acid so 
prepared agreed with that recorded by him. Dr. G. A. Finlayson 
and Dr. J. J. R. Macleod kindly provided specimens of the urine of 
patients in the coma stage of Diabetes mellitus. In the preparation of 
the acid, it is convenient to perform the requisite ether extractions in 
a continuous extraction apparatus. Magnus-Levy found [a]>° — 24°23° 
(c=11-0) for the acid and [a] —14:15° (e=7:317) for the sodium 
salt, water being the solvent in each case. These results accordingly 
establish the identity of the naturally-occurring acid with the syn- 
thetical product. 

The values of the specific rotatory power of the acid as determined 
by Magnus-Levy and myself are in excess of those by Minkowski and 
Kiilz and are very little altered by changes of temperature and con- 
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centration. The solutions do not exhibit the varying rotations 
observed with other aliphatic hydroxy-acids, such as lactic (Wislicenus), 
gluconic (Tollens), glyceric (Frankland), and malic (Walden), which 
are due to strongly active anhydrides. 


d-Acid. 


In the resolution of an inactive acid by an alkaloid, it is often 
difficult, after removal of the alkaloidal salt of one of the active forms, 
to isolate the other salt from the mother liquors. Should it be pos- 
sible, however, in the case of the inactive acid to find a metallic salt 
which is a d/-mixture, and not an 7-compound, and which can be readily 
separated from its solutions by crystallisation, the resolution may be 
conveniently carried out (compare Marckwald, Ber., 1899, 32, 1089). 
This could not be done in the present instance, as the majority of the 
metallic salts of the B-hydroxybutyric acid do not lend themselves to 
separation from their solutions by crystallisation. The silver and 
cadmium salts were the only two which appeared likely to be suitable, 
but it was found, by aid of the well-known criterion of Bakhuis- 
Roozeboom for distinguishing between a solid di-conglomerate and a 
solid r-compound, that those salts are r-compounds and not di-mix- 
tures. 

Recourse was therefore had to the alkaloidal method. It was found 
that the d-acid-/-strychnine salt is less soluble in ethyl acetate than 
the /-acid-/-strychnine salt, and the former salt was finally separated, 
the crystallisation being conducted at first from alcohol and finally 
from ethyl acetate. 

From the acid with [a] +2°5° (ec=17:056), recovered from the 
quinine mother liquors, the strychnine salt was prepared by digestion 
with the base in ethyl alcohol solution and allowed to crystallise at 
the temperature of the laboratory for several weeks. The result- 
ing crystalline magma was drained on porous plates and the pro- 
duct (35 grams) repeatedly crystallised from anhydrous ethyl acetate. 
The progress of the resolution was observed by decomposing the 
filtrates from each successive crystallisation and noting the activity 
of the acid. In solutions of similar concentration, the following 
values for [a ]p were thus obtained: +9°6°, 10°2°, 13:0°, 14-0°, 19°7°, 
22°3°, 23°1°, and 244°, As the [a], of the /-acid has been found to be 
249°, the strychnine salt was therefore pure after eight crystallisa- 
tions. It crystallises from ethyl acetate in glassy, rectangular prisms 
grouped in rosettes, and a solution of the air-dried salt in ethyl alcohol 
gave [a]p —33:8° (c=1'256). The salt begins to decompose at 250°, 
so that melting point determinations were of no aid as an indication 
of the progress of the resolution. 
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The salt was dissolved in water, in which it suffers considerable 
hydrolytic dissociation, and the acid was prepared from it by the method 
already described for the /-isomeride. The resulting syrup crystallised 
immediately on addition of a nucleus of the J-acid. The specific 
rotation, where the concentration of the dried solid was determined 
by direct weighing, gave a value agreeing within the limit of 
experimental error with that of the /-acid, thus: 


I= 2, c= 2226, al” +1:08° [a] +24-3°. 


On analysis, 0°4452 dissolved in water required 42°5 cc. 4/10 
potassium hydroxide solution for neutralisation. C,H,O, requires 
42°8 c.c. for the same amount. 

The specific rotation of the potassium salt agreed with that of the 
potassium /-salt. 

The d-acid-/-quinine salt crystallises from water in silky, radiating 
needles. The air-dried salt contains 1H,O which is lost at 100°: 


0°3717, at 100°, lost 00153 H,O. H,O=4'1. 
C.9H,,0,.N,,C,H,O,,H,O requires H,O = 4°0 per cent. 


The hydrated salt melts at 108—114°, the anhydrous salt at 
126°5—127'5°. The air-dried salt dissolved in ethyl alcohol gave : 


1=2, c=3'1100, a” —7'85°, [a}? -126-2°, 


a value only slightly lower than that of the /-acid-/-quinine salt, 

Both active acids in the form of syrups may be kept for months in 
a partial vacuum over sulphuric acid without crystallising. A crys- 
talline nucleus of the /-acid causes immediate crystallisation, not only 
of the /-syrup, but also of the d-syrup; similarly, a nucleus of the 
d-acid causes crystallisation of the d-syrup and of the /-syrup. The 
two active nuclei behave, in fact, as if their crystalline forms are 
identical, and this is not what would be expected if the idea, originally 
expressed by Pasteur, is universally correct, namely, that isomerides 
which in solution exhibit opposite signs of rotation are hemihedric 
when in the crystalline form. 

In the light of the observations just mentioned, it was a priori un- 
likely that an active nucleus would cause crystallisation of the inactive 
syrup, a conclusion borne out by experiments on the pure syrup and 
its concentrated aqueous solutions at temperatures varying from 30° 
to that of boiling liquid air. In this connection, the following experi- 
ment may also be mentioned. Diacetylracemic anhydride, prepared 
by acetylating racemic acid by Thiele’s method, was obtained as a 
syrup which, when kept for several hours, did not crystallise until a 
crystalline nucleus of d-diacetylracemic anhydride was introduced. 
Crystallisation then gradually proceeded and the solid, withdrawn 
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long before the crystallisation was complete, proved to be inactive. 
Comparison may also be made with experiments on mandelic acid 
(McKenzie, Trans., 1899, '75, 964) where the addition of an active 
nucleus to a supersaturated solution of inactive substance yielded 
inactive products in every case. These negative results were attri- 
buted to the possibility of hemihedrism being either absent or masked 
in the active nuclei employed ; the d-nucleus had the same effect as 
the /-nucleus, the two forms inducing crystallisation as if they were 
identical in crystalline form. 

Separation of an optically active product by sowing an active nucleus 
either into supersaturated solutions or into superfused liquids of the 
inactive form is quite exceptional, the only cases on record being the 
experiments of Gernez with sodium ammonium racemate (Compt. rend., 
1866, 63, 843), of Purdie with zinc ammonium lactate (Trans., 1893, 
63, 1143; Purdie and Wallace Walker, Trans., 1895, 67, 616), and of 
Ruff with the benzylphenylhydrazones of erythrose (Ber., 1901, 34, 
1362). In the first of these cases, it is known that the hemihedrism 
of the active forms is such as is evident from crystal measurement 
alone ; in the two latter cases, the crystals have not been measured. 

The following polarimetric observations were made with aqueous 
solutions of salts of the synthetical /-acid : 


C. te ‘, Gp. [a]p. [M]p. 
Sodium salt .........0+ 8°518 15° 4 — 493° —14°5° —18°3° 
8°4072 4 17 . 1°95 14°3 18°0 

1°3629 - - 0°75 13°8 17°4 

Potassium salt ......... 4°3742 12 2 1°08 12°3 17°5 
1°7497 99 4 0°83 11°9 16°9 

Mine WARE osicdcasancrcis 22°2125 18 2 7°97 17°9 24°3 
8°885 - 99 2°93 16°5 22°4 

8°554 “ 2°17 15°3 20°8 

14816 | us | os 0°81 14°2 19°3 

Magnesium salt ...... 14°3937 13 2 5°15 17°9 20°6 
5°7575 ‘es a 1°86 16°2 18°7 

2°303 9 4 1°41 15°3 17°6 


With aliphatic hydroxy-acids generally, the molecular rotation of 
the acids varies considerably with concentration and the values for 
dilute aqueous solutions of the normal salts are very much higher 
than those for the free acid. The rotations of B-hydroxybutyric acid 
and its salts are exceptional in this respect. It has already been 
mentioned that change of concentration has little influence on the 
value for the specific rotation of the acid, and it will be seen from the 
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above figures that the salts rotate in the same direction as the acid 
but to a less degree. There is here no indication of the disturbing 
effect which the hydroxyl group in other cases is known to exert on 
optical activity. Consideration of the rotations quoted led to the 
conclusion that the optical activity of the anhydride of B-hydroxy- 
butyric acid cannot differ much from that of the acid. The following 
experiments proved this to be the case. 

When inactive 8-hydroxybutyric acid is heated at 100°, it is par- 
tially converted into an anhydride. In one experiment, for example, 
where the inactive acid was heated for 30 hours at 100°, the behaviour 
of the resulting syrup on titration with alkali was similar to that ob- 
served by Wislicenus with lactic acid (Annalen, 1872, 164, 181) ; the 
amount of alkali required for neutralisation in the cold was very much 
less than what would have been required on the assumption that the 
syrup consisted of the acid alone, whilst the solution, which in the cold 
had been made feebly alkaline, became acid in reaction, gradually at 
ordinary temperature, and quickly on boiling. When the /acid is 
heated at 100°, it suffers partial conversion into an anhydride, which, 
unlike the anhydrides of lactic and glyceric acids, for instance, rotates 
in the same direction as the parent acid, but to a less extent. No 
crotonic acid was observed to be produced at this temperature. 1°1516 
grams of the /-acid, at 100° for 21 hours, lost 0°0354 gram, and the 
product, when dissolved in cold water, gave a value for [a], about 4° 
below that of the acid: 


1=2, c= 4-4648, al” —1-87°, [a] —20-9°. 


The anhydride present was estimated by the method used by Wis- 
licenus for lactic acid. In 1:07 grams of the product, the quantity of 
acid was found to be 0°40 gram, and of anhydride 0°68 gram, on the 
assumption that the anhydride has the formula 


CH,-CH(0H)-CH,-CO-0-CH(CH,):CH,*CO,H.* 


The constancy of the rotation of the active B-hydroxybutyric acids in 
aqueous solutions is thus understood. An aqueous solution of the acid 
may be regardedas containing some anhydride due to the “autocatalysis” 
brought about by the free acid present (Henry, Zeit. physikal. Chem., 
1892, 10, 96), but as the rotation of the anhydride differs so little 
from that of the acid, a small amount of the former present in the 
solution cannot be detected by polarimetric observation. 

In marked contrast to the corresponding salts of active lactic acid, 
the rotations of the sodium and potassium salts are little influenced by 


* It should be mentioned that the heating of the J-acid at 100° does not cause 
partial racemisation. The product, recovered from the potassium salt remaining 
from the preceding estimation, had the rotation of the pure /-acid. 


~, 
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changes of temperature and concentration. As usual, the Landolt- 
Oudemans law holds good. The ionic molecular rotation cannot be 
deduced from observations on the acid, which is not sufficiently ionised 
in aqueous solutions having a rotatory power large enough in a 
400 mm. tube to permit of determinations from which conclusions 
might be drawn. The ionic molecular rotation, deduced from the 
determinations on the salts, has a value of about 17°. The zine salt 
shows a distinct variation with concentration, the molecular rotatory 
power falling with dilution. This can be attributed to the low degree 
of electrolytic dissociation which zinc salts are known to exhibit. A 
notable instance of the influence of this factor on optical activity 
is afforded by the observation of Purdie and Irvine (Trans., 1901, 79, 
962) on the zinc salt of d-dimethoxysuccinic acid, the [M]>’ of which 
varies from —14°4° (c=4:3690) to +88°4° (c=0°5461). 


Partial Resolution of B-Hydroxybutyric Acid in the Living Organism. 


The first reference to the fate of 8-hydroxybutyric acid in the living 
organism is by Albertoni (Arch. exp. Path. Pharm., 1884, 18, 238), who 
did not detect acetoacetic acid as a decomposition product. Minkowski 
(Arch. exp. Path. Pharm., 1893, 31, 182) found in the case of a dog 
which had been made diabetic by extirpation of the pancreas and then 
fed per os with sodium /-8-hydroxybutyrate, that the urine gave a 
strong ferric chloride reaction and likewise the Lieben iodoform test. 
From this research and from that of Araki (Zeit. physiol. Chem., 1894, 
18, 1), it was established that -hydroxybutyric acid is converted in 
the organism into acetoacetic acid and acetone (compare also Waldvogel, 
Centr. inn. Med., 1898, 33, 845; Ahrens, Jnaug. Dissert. Gottingen, 
1899). With the view of throwing some light on diabetic coma, Stern- 
berg (Virchow’s Archiv, 1898, 152, 207) examined the action of in- 
active sodium 8-hydroxybutyrate by injecting this salt into the jugular 
vein of frogs and cats. He was unable to find any 8-hydroxybutyric 
acid in the urine subsequently examined. Likewise, when the acid 
was taken into the human system per os, the presence of acetone or 
acetoacetic acid could not be detected. Sternberg concludes that the 
acid was entirely oxidised. 

When an inactive resolvable substance is not entirely oxidised in 
the organism and can be partly recovered from the urine, it seemed 
probable, in the light of the experiments of Marckwald and McKenzie 
on the fractional esterification and hydrolysis of stereoisomerides (Ber., 
1899, 32, 2130; 1900, 38, 208; 1901, 34, 469), that a partial resolu- 
tion of inactive substance would occur under those conditions. This 
view received a certain support from Brion’s observation that /-tartaric 
acid is more rapidly oxidised in the organism than d-tartaric acid 
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(Zeit. physiol. Chem., 1898, 25, 283), although in Brion’s experiments 
the problem becomes somewhat complicated from the fact that bacterial 
influence must be considered, the acids having been given per os. 
Neuberg and Wohlgemuth, on the other hand, have recently found 
(Zeit. physiol. Chem., 1902, 35, 41) that when r-arabinose is injected 
into rabbits, either subcutaneously or intravenously (when bacteria can 
have no influence in resolving the sugar into its active components), a 
product consisting of r- and d-arabinose is recovered in the urine. The 
same investigators have also observed that /-arabinose is more readily 
attacked in the organism than d-arabinose, 

From two separate experiments in which inactive potassium and 
sodium f-hydroxybutyrates respectively were injected subcutaneously 
into dogs, I have found that (1) acetoacetic acid and acetone were 
present, (2) a small portion of the B-hydroxybutyrates was not 
attacked, (3) this product was levorotatory. This result indicates that 
d-B-hydroxybutyrate is more readily decomposed by the organism than 
the /-isomeride. Twenty-three c.c. of an aqueous solution containing 
9 grams of inactive potassium f-hydroxybutyrate were injected 
subcutaneously into a dog, the urine of which, passed during the 24 
hours previous to the injection, had been examined by Magnus-Levy’s 
method and found to contain no f-hydroxybutyric acid. Three 
hundred and fifty c.c. of urine were collected during the next 36 hours, 
and in this any bacterial growth had been prevented by the presence 
of thymol. Ammonium sulphate was added and the product 
evaporated to a small bulk and filtered. After addition of sulphuric 
acid, the solution was extracted with ether in a continuous extraction 
apparatus. Water was added to the residue from which the ether 
had been evaporated and the solution was filtered from a trace of 
hippuric acid. The filtrate was next distilled in steam until 100 c.c. 
of the distillate required less than 0°2 c.c. of WV potassium hydroxide 
solution for neutralisation. Practically no volatile fatty acids were 
present. The residue, which was strongly acid to neutral litmus 
paper but did not turn congo-red paper blue, was neutralised by 6:1 
c.c. of V potassium hydroxide solution. The solution of potassium 
salt, decolorised as far as possible by animal charcoal and evaporated 
to 12 c.c., gave ay —0°38° (J=2), whence [a]p —2°6°. 0-9 Gram 
of salt was recovered from the 9 grams used. The acid obtained 
from the salt was also distinctly levorotatory. 

In a second experiment, made with 7 grams of inactive sodium salt, 
similar results were obtained. The urine collected after the injection 
gave a coloration with ferric chloride solution and also the Lieben 
iodoform test and a little B-hydroxybutyric acid with a levo-rotation 
was isolated from it. The urine before the injection did not contain 
acetoacetic acid, acetone, or B-hydroxybutyric acid. The solution of 
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recovered 8-hydroxybutyric acid gave aj —0°16° (7=2) and this was 
converted into sodium salt, which had the rotation aj’ — 0°12° (7 = 2). 
The sodium salt recovered amounted to 0°8 gram. 

As the injections were made subcutaneously, the partial resolution 
of the acid into its optically active components cannot be ascribed to 
the action of bacteria, and does not fall under the head of either of 
Pasteur’s methods for resolving inactive substances. The author’s 
thanks are due to Dr. Allan Macfadyen for performing the injections. 

The following hypothesis may be advanced to account for the partial 
resolution described. The d-constituent of the inactive substance 
combines in the organism with an asymmetric complex (C’), the /-con- 
stituent combines with the same asymmetric complex, but the rate of 
combination can in each case be different. On the assumption, firstly, 
that the combination of the inactive acid with C is incomplete, and 
that the two products (d-acid+C) and (/-acid + C’) are entirely oxidised, it 
is obvious that an optically active acid may be obtained. On the 
assumption, on the other hand, that the combination of the inactive 
acid with C is complete, and that the two products (d-acid+C) and 
(Lacid+(C) are not entirely oxidised, the oxidation of those products 
can proceed at different rates, as they are not “ Spiegelbilder.” 
Unequal amounts of (d-acid+C’) and (/-acid+C) may thus be formed 
and, by elimination of C, the resulting mixture may contain the r- (or 
di-) acid with an excess of the one active stereoisomeride. Other 
possibilities, for example, where the combination of the inactive acid 
with C is incomplete, and where (d-acid +() ‘and (/-acid+(C) are not 
entirely oxidised, are more complex and need not be discussed. 

In order to show that a partial resolution of the acid is possible 
where the asymmetric complex (() is a substance of known constitu- 
tion, experiments with /-menthol and /-borneol were made (compare 
Marckwald and McKenzie, Joc. cit.). On account of the tendency of 
B-hydroxybutyric acid to pass into crotonic acid, the temperature con- 
ditions under which the esterifications were conducted had to be kept 
rather low. The amount of esterification was accordingly slight, but 
the partial resolution was nevertheless quite marked. 

14°6 Grams (1 mol.) of inactive B-hydroxybutyric acid were heated 
with 21°9 grams (1 mol.) of /menthol at 100° for 8 hours. The pro- 
duct was dissolved in ether, and the unesterified acid removed by ex- 
traction with an aqueous solution of sodium carbonate. The solution 
of the sodium salt was completely freed from menthol by extracting 
it with ether, and then concentrating by evaporation. It was then 
acidified and extracted with ether. The resulting acid was made up 
to 25 c.c. with water, and then gave as’ —0°08° (7=4). The mixture 
of esters remaining after the removal of the unesterified acid was 
hydrolysed by alcoholic potash, and, after complete removal of 
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menthol, the acid was obtained as before. Its aqueous solution, made 
up to 25 c.c., gave ay +0°05° (7=4). The total acid recovered was 
found by titration to be 13-2 grams, of which only 1°1 grams had been 
esterified. 

The inference from this experiment is that, of the two active acids, 
the d-isomeride is the more quickly esterified by menthol. When 14°6 
grams of the inactive acid were heated with 21°9 of menthol for 3 
hours at 130°, 12 grams of unesterified acid were recovered, and this, 
when made up to 25 c.c. with water, gave a’ —0°11° (J=4). On the 
other hand, the acid obtained by hydrolysing the mixture of menthyl 
esters, instead of being dextrorotatory, was practically inactive, a 
phenomenon which can be ascribed to partial racemisation, the d-acid- 
l-menthyl ester and the /acid-/-menthyl ester being racemised at 
different rates. 

When 8°5 grams of inactive acid were heated with 12°6 grams of 
l-borneol at 100° for 10 hours, 6 grams of unesterified acid were 
recovered. This, when made up to 25 c.c. with water, gave ap —0°30° 
(J=4). The hydrolysis of the esters yielded 1:1 grams of acid, the 
aqueous solution of which, made up to 25 c.c., gave ay’ +0°17° (/=4). 


The work described in this paper was carried out by aid of the 
Grocers’ Company’s Research Studentship. 
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CXLI.—The Rate of Decomposition of Diazo-compounds. 
Purt I. Diazo-compounds of the Benzene Series. 


By Joun Cannecy Cain and Frank NICOLL. 


In view of the extended use, on the large scale, of aqueous solutions 
of diazo-salts, it is surprising how little has been published on the 
subject of their stability. 

In the manufacture of azo-colours, the diazo-salt is usually “ coupled ” 
very shortly after its preparation, but in the production of the so- 
called “ice colours ” on the cotton fibre, the solution often has to stand 
for a considerable length of time. 

It is therefore of much importance to know the proper conditions 
under which the solution will remain undecomposed, of which the most 
important is the temperature. 

The chief point of interest, however, lies in the study of the rate of 


—. 
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decomposition of diazo-salts, and the investigation of this for a 
number of compounds has been the subject of our work during the 
past year. 

The decomposition of an aqueous solution of a diazo-salt is, in most 
cases, a simple one, and belongs to the class of unimolecular processes 
for which we have the well-known expression 


1 A 
. log — « C (a constant). 
Measurements of the rate of decomposition of these compounds were 
first made by Hausser and Muller (Bull. Soc. Chim., 1892, [iii], 7, 


721 ; 1893, 9, 353 ; also Compt. rend., 1892, 114, 549, 669, 760, 1438), 


for the diazo-salts from 


who determined the value of z log 
t A-2x 
Aniline (sulphate and hydrochloride). 
o-, m-, and p-Toluidine (sulphate), 
o-, m-, and p-Aminobenzoic acid (sulphate), 
m- and p-Sulphanilic acid, 
p-Toluidine-2-sulphonic acid, 
at a temperature of from 40° to 64°. 
The results obtained showed that only the diazo-salts from p-sulph- 
anilic acid and p-toluidinesulphonic acid gave a constant value for 


log , all the others giving gradually diminishing values. 


A 
A-x 
Hausser and Muller explain this unexpected result, in the case of 
diazobenzene only, by adducing experiments in evidence of a specific 
“retarding action” of the phenol formed during the decomposition. 

Hantzsch (Ber., 1900, 33, 2517) measured the rate of decomposition 
of the diazo-salts from the hydrochlorides of 


Aniline, p-Anisidine, 
p-Toluidine, y-Cumidine, 
p-Bromoaniline, 
and showed that at 25° all these substances gave a constant value for 
 % log £ ; y 
t A-2z 


Hantzsch suggests that the non-agreement of his results with those 
of Hausser and Muller may be due to the existence of secondary re- 
actions set up at the high temperature of the experiments (40° to 64°). 

We have therefore measured the rate of decomposition of diazo- 
benzene chloride at temperatures from 20° to 60° in order to deter- 
mine, if possible, the temperature at which such secondary reactions 
might set in, this point being shown by the diminishing values for C. 

We shall show that, under the conditions of our experiments, the 
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figures for diazobenzene chloride give.a constant value for the above 
expression at all temperatures between 20° and 60°. 

Similar results were obtained with the diazotoluene chlorides. 

The full list of amines and diamines, from which we have prepared 
and examined the corresponding diazo-salts, is as follows : 


Aniline. Benzidine. 
o-, m-, and p-Toluidine. oo-Dichlorobenzidine. 
p-Sulphanilic acid. Tolidine. 
o-, m-, and p-Nitraniline. Dianisidine. 
p-Aminoacetanilide. 


Most of the experiments of Hausser and Muller, and all those of 
Hantzsch, were made with solutions obtained by dissolving the pure, 
dry diazo-salt in water. The former chemists prepared the diazo-solu- 
tions from o- and m-toluidine sulphate by adding a solution of sodium 
nitrite to an acid solution of the amine ; they state, specially, that 
addition of sodium sulphate to a solution of dry diazo-p-toluene sulph- 
ate in pure water has no effect on the rate of decomposition, and 
conclude that it is immaterial whether the solution is prepared one 
way or the other. 

Hantzsch (loc. cit.) states (and we have also found) that the presence 
of free mineral acid has no effect on the reaction. All our solutions 
have been prepared directly, as on the large scale; and as our results 
for diazobenzene chloride agree fairly well with those of Hantzsch, 
we feel justified in criticising those of Hausser and Muller from the 
point of view of our own. 

The method we used for determining the rate of decomposition was, 
in principle, the same as that used by the chemists to whom we have 
referred, namely, measurement of the volume of nitrogen evolved from 
time to time. The arrangement used for doing this was nearly the 
same as that of Hantzsch, who connected a flask containing the diazo- 
solution by means of a capillary tube with a nitrometer ; we have used 
a water-jacketed Hempel’s burette, and an ordinary burette also 
water-jacketed. In the determinations above 30°, we interposed a 
very small, spiral condenser, so as to avoid any error due to the in- 
complete cooling of the hot nitrogen. 

The question as to the measurement of time is the next considera- 
tion. It being, of course, impossible to bring the flask containing 
the diazo-solution to the required temperature instantaneously, it 
is necessary to fix on some point from which to reckon the time of 
reaction, so as to make the error as small as possible. 

Hausser and Muller, indeed, attempted to determine the theoretical 
starting point from the volume of gas evolved in successive periods of 
time after the right temperature was reached. By extrapolation, they 
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found the length of time which would have been required for the 
evolution of the gas produced during the heating of the solution. But 
there are certain objections to this method, for, in the first place, the 
“curve of the rate” (taking volumes as ordinates and times as 
abscisse) seems to have been produced backwards by freehand draw- 
ing, as by using Laplace’s interpolation formula we obtain a slightly 
different result, and, secondly, the first few numbers obtained in these 
experiments (as Hantzsch proves) are much too low, owing to some of 
the nitrogen (at first a large proportion) remaining dissolved in the 
solution. 

From a large number of preliminary observations, we believe that 
the method of Hantzsch, which we have adopted for reckoning the 
starting point, gives us a point which can only differ from the theo- 
retical point by a very few seconds. 

The flask then, having been nearly filled with the diazo-solution and 
connected by a two-holed caoutchouc stopper carrying a thermometer 
and a capillary tube with the measuring burette, was quickly heated to 
the temperature of the experiment by a Bunsen flame. The flask usually 
contained pieces of broken glass for purposes of adjustment and was 
well shaken during this operation to avoid overheating. The time 
was reckoned from this point, and the flask plunged into a water-bath 
which was kept at the right temperature by a gas regulator. 

The gas evolved was now measured from time to time, and in many 
experiments the flask was heated to a higher temperature until, on cooling 
to the temperature of the bath, no increase in volume of the nitrogen 
was observed. This total volume of nitrogen determined experimen- 
tally always agreed well with the volume calculated from the amount 
of diazo-salt taken. 

The correction for the expansion of the liquid and the small volume 
of air in the flask was always determined experimentally and sub- 
tracted from the readings of the burette. 

In the following tables, A is the total volume of nitrogen at the 
temperature and pressure of the experiment calculated from the weight 
of diazo-salt contained in the solution ; x is the corrected volume of 
nitrogen at the same temperature and pressure evolved during the 
time ¢ (in minutes), C is the constant calculated according to the 

A 
A-x. 


equation C= Zlog 


1. Diazobenzene Chloride. 


9:3 Grams of aniline (1/10 mol.) dissolved in 30 c.c. of hydrochloric 
acid of sp. gr. 1:16 (3/10 mol.) cooled with ice and 6°9 grams of sodium 
nitrite added (100 c.c. of a solution containing 69 grams NaNO, per 
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litre). The solution thus obtained was made up to 1400 c.c., and 
therefore contained 10 grams of diazobenzene chloride in a litre. 

Thirty-five c.c. were taken in each experiment. A fresh solution 
made in the above proportions was used for each experiment : 


Temperature 20°. 


1. 2. 
A=60 c.c. (13°, 750 mm.). A=61 c.c. (14°, 741 mm.). 

t. 2. C. t. x. C. 

116 9°7 c.c. 000066 451 | 814ec.| — 0-00069 

181 | 111,, 0-00068 474 | 326 ,, 0-00070 

159 | 13° ,, 0:00070 486 | 33:2 ,, 000070 

180 | 15°3 ,, 000070 506 | 34:4 ,, 000071 

192 | 162 ,, 000071 532 | 36-4 ,, 000074 

355 | 263 ,, 0-00070 545 | 87-4 ,, 000075 

393 | 29°8 ,, 0-00076 578 | 39-2 ,, 000077 

422 | 30° ,, 000073 596 | 401 ,, 000078 

439 | 315 ,, 0-00073 607 | 40°5 ,, 0-00078 

458 32°6 ,, 0°00074 1382 55°83 ,, 0-00074 

481 33°7 ,, 0°00074 

1282 51°4 ,, 0-00066 

1329 52°8 ,, 0°00069 

1354 | 53°9 ,, 000073 ~— | 

1424 54°5 ,, 000073 

Range 16 to 91%. Mean 0°00071 | Range 52 to 92%. Mean 0:000786 


Mean of the two experiments, 0°00072. 


Taking the first experiment, it will be seen that no value for C is 
recorded until 116 minutes have elapsed. The numbers obtained before 
this time are much lower and gradually increase until they become 
constant. 

This apparent departure from the law is due to the fact that the 
solution must become saturated with nitrogen before the correct volume 
is measured in the burette. That this is the correct explanation was 
very clearly proved by Hantzsch, and we have therefore left out these 
irregular figures from our tables. 

That there are considerable sources of error both at the beginning 
and towards the end of the reaction is obvious, and we shall therefore 
usually note the range of the reaction through which our observations 
extended (thus, for example, “ range = 20 to 60 per cent.” means that our 
numbers extend from the peint at which 20 per cent. of the diazo-salt 
has been decomposed until 60 per cent. has been decomposed), The range 
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of our observations is usually considerably wider than that of Hausser 
and Muller or Hantzsch. 

The above numbers agree fairly well with those obtained by Hantzsch 
at a temperature of 25°, whose results for C varied in four experiments 
from 0°00064 to 0°00072, the range covered by three experiments being 
12 to 62 per cent. (The fourth experiment was made according to 
an admittedly more inexact titration method.) 

There is not much difference in the constants at these temperatures, 
but, as will be seen, the constants increase enormously at higher tem- 
peratures, 


Lowest.| Highest.) Mean. 


mn 
8 C 
“ ° 
- 
‘ °s Extreme Extreme values 
Series. 6s £| values a 
As of t. , 
Q 
2 
° 


Temperature 30°.* 


I. 4=60°45 c.c. | 16 | 45 to 382 |15°4 c.c. to 56°1 c.c.| 0°00278)] 0°00805 |0°002947 


(16°, 756 mm.) (range 25 to 92 %) 
II. 4=59°8 c.c. | 12 | 58 to 314 |17°2 c.c. to 53°0 c.c.| 000278) 0°00305 |0°002956 
(15°, 761 mm.) (range 30 to 90 %) 


Mean...|0 00295 


Temperature 40°. 


I. 4=59°7 c.c. | 12 | 25 to 75 |23°5 c.c. to 46°5 c.c.| 0°00864| 0°00888 |0°00876 


(16°, 765 mm.) (range 40 to 78 %) 
Il. A=59°7 c.c. 8 |31°5 to 78°5/27°8 c.c. to 47°2 c.c.| 0°00864| 0:00902 |0°00879 
(18°5°, 756°5 mm.) (range 46 to 80 %) 


Mean...|0°00877 


* The figures obtained in this and the following experiments are of the same 
character as those in the experiments at 20°. We have therefore arranged our 
results in an abbreviated form, giving, however, one set of figures in full for each 
substance, 


We made our next experiments at a temperature of 50°, the same 
as that at which Hausser and Muller worked. 

We have already mentioned that our experiments were not made 
under the same conditions as those of the above chemists, but apart 
from this there is much that is open to criticism in the figures which 
Hausser and Muller give. 

A serious error occurs in the numbers for diazobenzene chloride 
(Bull. Soc. Chim., 1892, [iii], '7, 721) which we quote here. We have 
added a new column showing the values for C, which we obtain on 
calculating out Hausser and Muller’s results. 
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Experiment 1.—Solution contained 6:25 grams of diazobenzene 
chloride per litre. A=660 c.c. 


C. C. 
‘. ” (Hausser and Muller)| Recalculated, C. and N. 
16°5 207 c.c. 0°0303 0°0099 
26°5 300 ,, 0°0285 0°0099 
36°5 343 ,, 00262 00087 
46°5 361 ,, 00232 0:0074 
56°5 870 5 0°0205 00063 


Range 31 to 56 per cent. 


Experiment 2.—Solution contained 9°47 grams of diazobenzene 
chloride per litre (the solution used in our experiments contained 10 
grams per litre). A=453 c.c. 


, C. C. 
‘ 7 (Hausser and Muller)| Recalculated, C. and N. 
12°6 206 c.c. 0°0360 0°0209 
17°6 255 =; 0°0348 0°0204 
22°6 285_ ,, 0°0332 0°0190 
27°6 305 ,, 0°0317 0°0176 
32°6 317°5 ,, 0°0299 0°0160 
42°6 332°5 ,, 0:0267 0°0135 


Range 45 to 78 per cent. 


There is thus a very great discrepancy which we are quite unable to 
account for. We were led to check these results after drawing a 
curve showing the course of the decomposition. It was obvious that 
the curve could not represent the reaction. We may add that we 
have recalculated all the numbers given in the various experiments by 
Hausser and Muller and find them to be correct. 

Turning now to the figures given in the same paper for diazo- 
benzene sulphate, we find that four experiments were made with three 
different solutions, containing respectively 3°38, 6-7, and 10°8 grams 
of diazo-salt per litre. 

The corresponding values for C did not differ very much from each 
other ; hence Hausser and Muller conclude that the decomposition is 
not influenced by the concentration. 

The numbers for C, however, in each experiment are not constant, 
they gradually diminish as the decomposition goes on ; thus in 
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Exp. 1 they diminish from 0°0298 to 0°0210, Range 49 to 80 per cent. 


kas mi » 00289 ,, 00177. ,, 44,5 88 » 
a » 00325 , 00191. , 45, 84 » 
ung i »  0°0334 ,, 00206. ,, 50, 86 ,, 


From these numbers, Hausser and Muller conclude that the phenol 
formed in the reaction has a specific retarding action, and to prove 
this made a fifth experiment, to which phenol was added. 

From the result of this, they claim to have shown that their ex- 
planation was a true one, but on comparing the figures obtained, we 
do not think the conclusion is justified. The solution contained 22-5 
grams of diazo-salt per litre, with 10°5 grams of phenol per litre, and 
the values for C' diminished from 0°0259 to 0°0216 (range 48 to 89 
per cent.). 

We have compared the values of C in the above experiments at 
points representing equal amounts of decomposition. Thus, when 56 
per cent. had decomposed, the value of C in two experiments was 
0°0284 and 0°0318, and in the phenol experiment 0°0259. When 66 
per cent. had decomposed, we find C=0°0267, 0°0297, and in the 
phenol experiment 0:0255. 

Here the value for C in the phenol experiment is less than that in 
the two ordinary experiments, although these differ from each other 
more than one of them differs from the phenol experiment. But ata 
later stage we find: 

At 75 per cent. decomposition the value of C’ was 0:0230 and 0:0221, 
and in the phenol experiment 0°0248. 

At 80 per cent. decomposition the value of C' was 0:0210 and 0°0222, 
and in the phenol experiment 0°0242. 

Here the value for C in the phenol experiment is greater than that 
in the other experiments. 

Experiments were made (Hausser and Muller, loc. cit.) adding, in- 
stead of phenol, phenylsulphuric acid, sugar, and oxalic acid, and from 
equally unconvincing data the authors conclude that substances con- 
taining the benzene nucleus retard the reaction, whilst those belonging 
to the fatty series have no action. 

We think, however, that the results of Hausser and Muller do not 
lead to this conclusion, and in order to test this point further we have 
made experiments also at 50° to see if, under the conditions of work- 
ing, the addition of phenol has any effect on the reaction. 

We think our numbers prove conclusively that there is no trace of 
either a retarding or accelerating action produced by this substance. 
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Temperature 50°. 


The solution contained 10 grams of diazobenzene chloride per litre 
as before. 

In Experiment 3 (p. 1421), the solution contained 4°57 grams of 
phenol per litre, this being the same proportion of phenol to diazo-salt 
as that in the experiments of Hausser and Muller : 


a. 2. 
A=58'3 (7°, 753 mm.). A=58°3 (7°, 753 mm.). 
t. ®. C. t. x. C. 
5°5 177 c.c. 0°0286 9 26°0 c.c. 0°0285 
6 19°3 ,, 0°0291 95 | 273 ,, 0°0289 
6°5 20°85 ,, 0°0295 10 28°5 ,, 0°0291 
7 22°55 ,, 0-0303 11 30°6 ,, 00294 
7°5 24s, 0-0307 12 32°6 ,, 0-0296 
8 25°4 ,, 0°0311 13 34°4 ,, 00298 
9 ars is 0°0313 14 36°0 ,, 0°0298 
10 299 ,, 0-0312 16 38°85 ,, 0-0296 
12 33°6 ,, 0-0811 18 41°3 ,, 0-0297 
13 35°4 ,, 0°0312 20 43°25 ,, 0°0294 
15°5 39°1 ,, 0°0311 22 45°0 ,, 00292 
17 410 ,, 0°0310 24 46°45 ,, 0-0288 
19 43°1 ,, 0°0307 26 @T' .. 0°0285 
21 45°0 ,, 00306 
23 46°5 ,, | 00301 
26 48°4 ,, | 0-0296 
30 50°25 ,, | 0-0287 
| 
Range 30 to 84 %. Mean 0°0303 Range 44 to 80 %. Mean 0°0293 


Mean of experiments 1 and 2, 0°0298. 


These figures show very clearly that the addition of phenol to the 
diazo-solution has absolutely no influence on the course of the re- 
action. 

A fourth experiment was made at this temperature with a solution 
of different concentration, namely, containing 5 grams of diazo-salt 


per litre : 
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3. 4. 
A=60'1 (13°8°, 753 mm.). A=30'1 (14°3°, 753 mm.). 

t. 2 C. t. 2. C. 

8 24°3 c.c. 0°0281 11 15°1 c.c. 0°0275 
9 27°1 ,, 0:0289 13 172 ,, 0°0283 
10 29°5 ,, 0°0293 15 18°9 ,, 0°0286 
12 33°6 ,, 0°0296 17 20°3 ,, 0°0287 
13 35°4 ,, 0°0297 21 22°6 ,, 0°0287 
16 40°6 ,, 0°0305 24 23°8 ,, 0-0283 
17 41°9 ,, 0°0305 28 25°1 ,, 0°0278 
18 43°0 ,, 0*0303 
20 45°3 ,, 9°0804 
22 >< oe 0°0302 
24 48°5 ,, 00298 
27 50°3 ,, 0°0291 
30 51°8 ,, 0°0286 
Range 40 to 86 %. Mean 0°0296 Range 50 to 838 %. Mean 0°0283 


The very slightly less value of C in experiment 4 is sufficiently 
accounted for by the greater proportion of nitrogen which can be 
retained in the more dilute solution : thus, as Hausser and Muller and 
Hantzsch have shown, the concentration has no influence on the 
course of the reaction : 


Temperature 60°. 


3 ¢. 
SB] Extreme | pit 1 
Series. Sf| Values 7 a oy 
A$ of ¢. Lowest.| Highest.| Mean. 
° 
I, 4=58°7 c.c 9 | 1} to 64 |16°4c.c. to 45°4.c.c.| 0°102 | 0°1181 | 0°1103 
(7°, 748 mm.) (range 28 to 77 %) 
II. 4=58°7 cc. | 10 | 1°5 to6 |17°4c.c. to 448 c.c.| 0°102 | O'111 | 0°1078 
(8°, 750 mm.) (range 30 to 76 %. 
Mean...| 0°1090 


An examination of the values for C at the various tempera- 
tures shows that they increase enormously as the temperature is 
raised. 

This is seen very clearly in the curve where the following values 
for C are ordinates and the temperatures are abscisse : 


1422 CAIN AND NICOLL: THE RATE OF 


Temperature. C 


20° 000072 
30 0:00295 
40 0:00877 
50 0:0298 
60 0°109 
CurvE No. 1. 
60 x 
——a fl 
50 a 
40 A 
30 
20 
10 
° 0°02 0°04 0°06 0°08 0°10 0°12 


2. Diazo-o-toluene Chloride. 


10°7 Grams of o-toluidine (1/10 mol.) dissolved in 30 c.c. of hydro- 
chloric acid of sp. gr. 1:16 (3/10 mol.), cooled with ice and 6°9 grams 
of sodium nitrite added (100 c.c. of the normal solution). The solu- 
tion of diazo-o-toluene chloride was made up to 1400 c.c. and therefore 
contained 11 grams of diazo-salt per litre. Thirty-five c.c. were taken 
in each experiment, 


> Temperature 20°. 
1. | 2. 
| 
A=58°3 (8°5°, 758 mm.). | A=58'3 (8°5°, 758 mm.). 
| 
t. | 2. C. ! t. 2 C. 
147 | 26°4 0:00178 | 147 26°3 0°00177 
166 29°4 0°00184 166 29°3 0°00183 
188 | 82°6 000189 188 $2°4 0°00187 
199 | 339 000190 199 33°8 0-00189 
222 | 362 0°00189 | 999 36°3 0°00191 
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Temperature 20° (continued). 
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1 


A=658'3 (8°5°, 758 mm.). 


2. 


A=58°3 (8°5°, 758 mm.). 


| 
| 


t 2. C. é. 2. C. 
236 37°6 0-00190 | 236 37°7 0°00191 
299 42°7 000191 286 41°9 0:00198 
388 47°5 0-00188 295 42°6 0:00193 
430 49:2 000187 | 884 47°3 0°00189 
474 50°4 0:00183 | 483 49°2 0:00186 
455 49°8 0°00184 


Range 45 to 85 %. 


Mean 0°00187 


Range 45 to 85 %. Mean 0°00187 


Mean of the two experiments, 0°00187. 


Series. 


No. of 
observations. 


I. A4=60'6 c.c. 9 
(8°5°, 730 mm.) 
II. 4=60°6 c.c. 8 
(8°5°, 730 mm.) 


(8°, 750 mm.) 
II. 4=58°8 c.c. 8 
(8°, 750 mm.) 


I. 4=58°8 c.c. | 11 
(8°, 750 mm.) 
II. 4=58°8 c.c. | 11 
(8°, 750 min.) 


Extreme 
values 
of ¢. 


Extreme values 
of 2. 


C. 


Lowest. 


Highest.| Mean. 


Temperature 30°. 


24 to 74 |19°2c.c. to 41°9 cc. 


(range 31 to 70 %) 


27 to 60 |21°1 c.c. to 37°7 «cc. 


(range 35 to 62 7%) 


Temperature 40°. 


13 to 80 |29°2c.c. to 46°8 c.c. 


10 to 24 


(range 50 to 80 %) 


23°8 c.c. to 42°5 c.c. 


(range 40 to 70 %) 


Temperature 50°. 


1°5 to 6°5 |/16°6 c.c. to 44°7 c.c. 


(range 28 to 75 %) 


1 to7 (|16°7 c.c. to 463 c.c. 


(range 28 to 79 %) 


0°0069 
0°00688 


0°0229 
0°0225 


0°0954 
0°0961 


0°0073 | 0°00708 
0°00713 | 000704 
Mean...| 0°00706 


Mean...} 0°0238 
0°193 0°0997 
0°113 0°1057 
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The collected values for C are therefore: 


Temperature. C. 
20° 0:00187 
30 000706 
40 0°0238 
50 01027 


graphically represented by the following curve: 


CurvE No. 2. 
50 % 

a 

er. et 

40 = 
30 "4 
20 
10 
0 0°02 0:04 006 0°08 0-10 0-12 


Our results again differ from those of Hausser and Muller, who 
measured the rate of decomposition of diazo-o-toluene sulphate (Bull. 
Soc. Chim., 1893, [iii], 9, 353). The diazo-salt was prepared in exactly 
the same way as was ours, except that we used hydrochloric instead of 
sulphuric acid. 

The concentration of our solution was very near that employed in 
Hausser and Muller’s first experiment, their second solution being 
twice as strong. Their experiments were made at 40° and the results 
were: 1, value for C gradually diminished from 0°026 to 0:020; 2, 
value for C gradually diminished from 0°0251 to 0:020. 

As is seen above, we obtain a constant value for C =0°0238. Hausser 
and Muller do not offer any explanation of their results. 


3. Diazo-m-toluene Chloride. 


The diazo-salt was prepared from m-toluidine exactly as in the case of : 
o-toluidine. 


aT 
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Temperature 20°. 


1, 2. 

A=60'9 (12°5°, 739 mm.). A=60'9 (12°5°, 739 mm.). 

t. 2. C. t. 2. | C. 
135 28°3 0°00201 97 22°4 0°00205 
143 29°7 0°00203 109 24°8 000208 
160 82°5 0°00207 122 27°0 0°00208 
176 34°7 0°00208 135 29°0 0°00208 
192 37°1 0°00213 143 30°2 0°00208 
206 38°7 0°00213 160 33°1 0°00213 
226 40°8 0°00213 176 353 0°00214 
282 45°2 0°00209 206 38°6 0°00212 
313 47°2 0°00207 226 40°5 0°00210 
324 48°0 0°00208 243 42°1 0°00210 
347 49°1 0°00205 282 45°1 0°00208 
324 47°9 0°00207 
350 49°7 000210 

Range 47 to 81%. Mean 0°00208 Range 37 to 82 %. Mean 0°00209 


Mean of the two experiments, 0°002085. 


Lowest.| Highest.} Mean. 


n 
S C 
So . 
oS 
‘ os Extreme Extreme values 
Series. gf| Values of a 
7S of ¢. , 
2 
2 
° 


Temperature 30°. 


I. A=60'8c.c. | 11 | 40 to 122 |28°6 c.c. to 52°2 c.c.| 0°0069 | 0°00712 | 0°00702 


(12°5°, 740 mm.) (range 47 to 86 %) 
II. 4=60°9c.c. | 11 | 88 to 118 |26°9 c.c. to 50°7 c.c.| 000665) 0°00720 | 0°0069 
(12°5°, 739 mm.) (range 44 to 84 %) 


Mean. ..| 0°00696 


Temperature 40°. 


I. A=60°2 c.c. 8 | 8} to 24 |22°6 c.c, to 44°7 c.c.| 0°0245) 0°0256)] 0°0252 
(12°, 745 mm.) (range 37 to 74 % 

II. 4=60°0 cc. 8 84 to 22 |23°4 c.c. to 43°6 c.c.| 0°0253) 0°0268 | 0°0262 
(12°, 747 mm.) (range 40 to 72 %) 


. Mean...| 0°0257 
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Sail 


We have for the values of C, 


Temperature. C. 
20° 0:002085 
30 0:00696 
40 0°0257 


graphically represented by the following curve: 


CurvE No. 3. 


40 sy " 
/ a waa 
35 
nn 
ai 

30 i> 

25 

20 


0°004 0°008 0°012 0°016 0°020 0°024 


Hausser and Muller’s results (loc. cit.), for diazo-m-toluene sulphate 
prepared in solution (that is, as above) diminished from 0-0305 to 0°0219 
at 40°. The concentration in this experiment was the same as ours. 
Two other experiments with solutions of different concentration gave 
different, although still diminishing, values for C. 


4, Diazo-p-toluene Chloride. 


The diazo-salt was prepared from p-toluidine exactly as in the case 
of o-toluidine. 
Temperature 30°. 


S : Extreme ” 
os xtrem 
Series, so £| values —— 
oo ° . 
A 2 of ¢. Lowest. Highest Mean. 
° 
A=58'9 c.c. 9 |300 to 4310) 7°8 c.c. to 54°6 c.c. |0°000202 0-00021910-000200 
(8°, 749 mm.) | (range 18 to 92 %) 
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Temperature 40°, 
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1, 


A=59'1 (8°5°, 748 mm. ). 


2. 


A=59'1 (8°5°, 748 mm.). 


t 2. C. t X C. 
180 19°7 0°000978 210 22°3 0°000980 
200 21°6 0°000988 230 23 °9 0°000979 
230 24°1 0°000989 260 26°4 0-000989 
260 26°5 0°000994 801 29°4 0°000993 
301 29°6 0:00100 368 34°0 0°001011 
372 33°9 0°000995 454 39°0 0°001032 
457 88°8 0°001011 491 40°7 0°001032 
491 40°7 0°001032 580 43°5 0°000997 
580 43°3 0°000988 630 45°4 0°001007 
634 45°0 0000981 


Range 33 to 75 %. Mean 0°000995 


Range 37 to 76 %. 


Mean 0°001002 


Mean of the two experiments, 0°000999. 


a 0. 
‘S-3| Extreme Ext 1 
Series, o£| values - a ey _ 
a 2 of ¢. Lowest.| Highest.| Mean. 
° 
Temperature 50°. 
I. 4=59'1c.c.| 9 | 66 to 208 |24°5 c.c. to 48°3 c.c.| 0°00352/ 0°00368 | 0°00361 
(8°, 747 mm.) (range 41 to 81 %) 
Il. A4=59'le.c.| 6 | 80 to 144 |28°2c.c. to 41°2 c.c.| 0°00352| 0°00360 | 000356 
(8°, 747 mm.) (range 47 to 70 %) ‘ 
III. 4=59‘lc.c.| 5 | 80 to 181 |28°2 c.c. to 45°7 c.c.| 0°00352) 0°00358 | 0°00856 
(8°, 747 mm.) (range 47 to 78 %) 
Mean...| 0°00358 
Temperature 60°. 
I. 4=59'5 c.c. 8 | 20 to 46 /24°5 c.c. to 42°4¢.c./ 0°0115 | 0°0119] 0°0118 
(8°, 742 mm.) | (range 41 to 71 %) 
II. 4=59°6 c.c. 9 | 20 to 62 |24°7 c.c. to 48°8 c.c.} 0°0116 | 0°0128/ 0°0122 
(8°, 740 mm.) (range 41 to 81 %) 
Mean...} 0°0120 
Temperature 70°. 
I. 4=59°5 c.c. 8 | 6to15 |27°3c.c. to 46°8 c.c.| 0°0445 | 0°0463] 0°0455 
(8°5°, 743 mm.) (range 46 to 78 %) 
II. A4=59'5ec.c. | 11 | 4017 |20°2c.c. to 49°38 c.c.] 0°0450 | 0°0479| 0°0467 
(8°5°, 743 mm.) (range 34 to 82 %) 
Mean...} 0°0461 
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Collecting all the results for diazo-p-toluene chloride, we have : 


Temperature, C. 
30° 0°000209 
40 0°000999 
50 0°00358 
60 0°0120 
70 0°0461 
or graphically the following curve : 
CurnvE No. 4. 
70 ——- * 
| — 
60 
50 a 
40 
30 
20 
10 
0 0-008 0-016 0-024 0-082 0-040 0048 


Hantzsch obtained the value 0°000081 at 25°, and Hausser and 
Muller numbers diminishing from 0-024 to 0°018 for the sulphate at 


64°. 


The above experiments on diazobenzene and the diazotoluenes ex- 
tend over a wide range of temperature, and show that at all these 
temperatures the rate of decomposition is in accordance with the law, 
thus confirming Hantzsch’s results at a low temperature and being 
opposed to those of Hausser and Muller at higher temperatures. Of 
the substances still to be described, only one (diazo-p-sulphanilic acid) 
was examined by Hausser and Muller, who found a constant; value for 
C. We have therefore only measured the rates of decomposition: of 


the following diazo-salts at one or two temperatures, 
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5. Diazo-p-sulphanilic Acid. 


17°3 Grams of sulphanilic acid were dissolved in water and caustic 
sodx. Forty c.c. of hydrochloric acid of sp. gr. 1°16 (4/10 mol.) were 
added and then 6°9 grams of sodium nitrite in solution. The solution of 
diazo-salt was made up to 1400 c.c. and then contained 15°7 grams of 
diazo-salt per litre. Thirty-five c.c. were taken in each experiment. 


Temperature 60°. 


1. 2. 
A=58°7 (8°, 752 mm.). A=58°'7 (8°, 752 mm.). 

t. oe C. t. %. 0. 

25 18°1 0°00640 11 8°6 0°00625 

30 21°3 0°00652 15 11°8 0°00649 

35 23°9 000648 20 15°5 0°006€5 

45 28°3 0°00635 32 22°3 0:00648 

51 31°6 0°00658 35 23°7 0°00641 

59 33°4 0°00€19 43 27-1 000625 

66 35°7 0°00616 51 29°9 0°00606 

76 38°9 0°00621 76 38°2 0°00601 

90 42°9 0°00633 90 42°5 0°00621 
Range 30 to 72 %. Mean 0°00636 Range 15 to 72%. Mean 0°00631 


Mean of the two experiments, 0°00633. 


Temperature 80°. 


ao | 
| C 
“Oo . 
Ridin 38 ~ rag Baten values 
a Or 2. 
a of &. Lowest.| Highest.) Mean. 
° 
I. 4=58°7 cc. | 9 2to9 /|16°4¢.c. to 44°7 c.c.| 0°0681 | 0°0711 | 0°0696 
(9°, 752 mm. ) (range 28 to 75 %) 
II. 4=58'°7c.c. | 8 2°5 to 8 |20°2c.c. to 42°9 c.c.| 0°0712 | 0°0744 | 0°0723 
(9°, 752 mm.) (range 34 to 72 %) 
Mean...| 0°0709 


We have drawn a curve through the two points given by the above 
determination, and it is interesting to observe that from this curve 
the value for C' at 64°, the temperature at which Hausser and Muller 
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made their experiments on this substance, corresponds almost exactly 
with the value they found, namely, 0°0106, as the mean of four 
experiments. 

Curve No. 5. 


80 
a eel 
el 
70 - 
60}-—4 
50 0-02 0-04 006 008 


We are here, for the only time, in agreement with Hausser and 
Muller’s results, and it is important to note that their experiments 
were made (1) with the solid diazo-compound, (2) in three different 
concentrations. 


6. Diazo-o-nitrobenzene Chloride. 


3°45 Grams of o-nitraniline (1/40 mol.) were dissolved in 11 e.c. of 
hydrochloric acid of sp. gr. 1:16 (4°5/40 mol.) and diazotised by the 
addition of a solution of 1°73 grams of sodium nitrite. The diazo- 
solution was made up to 700 c.c. Seventy c.c. of this solution were 
taken in each experiment. 

This solution differs from the corresponding ones from aniline and 
the toluidines in being more dilute; instead of a diazo-solution con- 
taining 1/10 mol. in 1400 ¢.c., we have 1/20 mol. in the same volume, 
and, as is well known, it is necessary to use a fairly large excess of 
acid in order to diazotise the nitranilines successfully, so that we have 
here 4} mols. of acid to 1 mol. of base. We do not think that these 
changes are sufficiently great to prevent us from comparing the con- 
stants for the diazo-salts from the nitranilines with those from the 
other amines examined. 

This diazo-salt is exceedingly stable: at 70°, only about 50 per cent. 
was decomposed after 17} hours, so that we have determined the rate 
of decomposition at 100°. 
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Temperature 100°. 


1. 2. 
A=59'1 (8°5°, 748 mm.). A=59'1 (8°5°, 748 mm.). 

t. 2. C. t. 2. C. 

7 5'1 0°00560 5°5 4°0 0°00553 
17 11°5 0°00553 10 71 0°00556 
20 13°2 0°00549 17 11°2 0°00537 
31 19°5 0°00561 25 15°6 0°00532 
35 21°5 0°00561 35 20°8 0°00538 
45 26°1 0°00562 45 25°3 0°00539 
50 28°3 0°00566 55 29°4 0°00543 
70 35°5 0°00569 65 32°6 0°00536 
80 38°6 0°00575 79 37°4 0°00551 
90 41°2 0°00576 115 45°7 0°00560 

100 43°5 0°00578 135 48°9 0°00565 
Range 9 to 73 %. Mean 0°00564 Range 7 to 82 % Mean 0°00546 


Mean of the two experiments, 0°00555. 


7. Diazo-m-nitrobenzene Chloride. 


The diazo-salt was prepared from m-nitraniline exactly as in the case 
of o-nitraniline. 
Temperature 80°. 


1. 2. 
A= 599 (13°, 753 mm.). A=59'9 (13°, 753 mm.). 
t. x. C. t. &. C. 
74 24°1 0°00302 60 20°5 0:00303 
81 26°1 0°00307 70 23°4 0°00307 
93 29°1 0:00310 85 26°9 000305 
99 30°6 0°00314 100 80°4 0°00308 
148 39°5 0°00316 120 34°6 0°00312 
164 41°7 0°00315 157 41°0 0°00319 
181 44°5 0°00326 168 42°7 0°00323 
212 47°7 0°00326 206 46°3 0°00313 
230 49°5 0°00330 219 47°9 0°00319 
254 50°3 0°00318 
277 52°6 0°00330 
Range 40 to 88 %. Mean 0°00317 Range 34 to 80 %. Mean 0°003812 


Mean of the two experiments, 0°003145. 
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Temperature 100°, 


Lowest. | Highest.| Mean. 


ra] 

8 C. 
_— o . 
O-s| Extreme 

7 

Series. o£] values a nee 

As of t. ° 

mn 

2 

° 


I. A=582c.c. | 14 | 4to025 |14°8c.c. to 49°6 c.c.} 0°0315 | 0°0332 | 0°0322 


(8°, 758 mm.) (range 25 to 83 %) 
II. 4=58'2cc. | 14] 2to23 |8'3c.c. to 48°2c.c.| 0°0824| 0°0334 | 00329 
(8°, 758 mm.) (range 14 to 81 %) 


Mean...| 0°0325 


8. Diazo-p-nitrobenzene Chloride. 


This diazo-salt was prepared from p-nitraniline exactly as in the 
case of o-nitraniline. 
Temperature 80°. 


1. 2, 
A=58°3 (8°5°, 758 mm.). A=58°3 (8°5°, 758 mm. ). 
| 
t. %. C. | t. x. C. 
22 18°1 000734 =| ©. 25 19°9 0-00726 
25 20°4 000748 «= || © 28 22°0 0°00735 
28 22°3 000748 «=| 82 24°6 0°00744 
82 24:9 000756 = ||_—S «86 26°9 0-00747 
36 27°0 000750 =| = 41 29°6 0°00751 
41 29°6 000751 || 46 81°5 0-00734 
46 31:4 000730 || ~=—«458 84°7 0°00741 
53 34°5 0°00734 58 36°6 0-00740 
66 38°6 0°00714 66 39:0 0°00727 
76 42°0 0°00728 71 40°4 0-00722 
82 43°8 0°00737 89 45°1 0°00725 
96 47°0 0-00742 96 46°5 0°00723 
Range 31 to 80 % Mean 0°00739 Range 34 to 80 %. Mean 0°00734 
| 


Mean of the two experiments, 0°00736. 


The foregoing figures show that, in each case, the reaction is a 
unimolecular one, and before describing our experiments on the 
remaining substances, namely, aminoacetanilide and the diamines of the 
benzene series, we shall now discuss the results up to this point, as 
the decomposition of the diazo-salts of the latter substances is not 
quite so simple. In most of the above series of experiments, the value 
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of C seems to rise to a maximum at about the point of 50 per cent. 
decomposition. This is no doubt due to the slight increase of tem- 
perature in the flask (sometimes 0°5° to 1°) produced by the heat 
evolved in the reaction. 

Before proceeding to compare these constants more closely, we must 
here remark that the solutions of the diazo-salts from aniline, the 
toluidines, and sulpbanilic acid were all equivalent, that is, contained 
the same number of molecules, The amount of free hydrochloric acid 
was the same, but there was an extra mol. of sodium: chloride present 
in the diazo-solution of sulphanilic acid, as we started from the 
sodium salt. 

In the case of the diazo-salts from the nitranilines, although their 
diazo-solutions were all exactly equivalent among themselves, yet it 
was necessary to use a larger amount of hydrochloric acid, and it was 
found more convenient to make up the solutions to half the concentra- 
tion of the previous ones. 

We think that we are quite justified in comparing the constants of 
the diazonitrobenzene salts with those of the other substances, as 
Hantzsch has shown very clearly (/oc. cit.) that difference in concen- 
tration has no effect on the rate of the reaction in the substances which 
he examined, and this is, of course, applicable to all unimolecular 
reactions, Hantzsch has also shown that the presence of hydrochloric 
acid has no influence on the rate of decompusition. 

Comparing first of all the values for C for the three diazotoluene 
chlorides and diazobenzene chloride, we find that the introduction of 
the methyl group in the ortho- or meta-position in the latter makes 
the compound less stable, but in the para-position renders it much 
more stable. 

Of the diazo-o- and diazo-m-toluene chlorides, the m-compound is the 
less stable. This conclusion is the same as that at which Hausser and 
Muller arrived (Bull. Soc. Chim., 1893, | iii], 9, 353). 

The introduction of the acid groups SO,H and NO, has the effect of 
enormously increasing the stability. Diazosulphanilic acid is much 
more stable than diazo-p-toluene chloride, and all three diazonitro- 
benzene chlorides are much more stable than diazosulphanilic acid. 

In the case of the diazonitrobenzene salts, the most stable is the 
ortho-, then comes the meta-, and lastly, the para-compound. The 
influence of the position of the nitro-group on the stability of the 
diazo-compound is thus quite different from that of the methyl group. 

We have collected the values for C in the following table and curve 


(p. 1434) : 
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Diazo-salts from 


Temp- Toluidine. Nitraniline. 
erature. Sulph- 
Aniline. anilic 
Ortho. | Meta. | Para. | ®4+ | Ortho, | Meta. | Para. 
a 
| 
20° | 0:00072 | 0°00187 0-00208 | — | — — | —_ — 
30 | 0°00295 | 0°00706 | 0:00696*! 0-000209) ~_ — — — 
40 | 0°00877 | 0°0238 | 0°0257 | 0000999] — _— | —_ — 
50 0°0298 | 0°1027 — | 000858 | — — | —_— — 
60 | 0°109 -- _ 10° 012 0°00633 —_— | — _— 
| jn oe oe | ae whe a ob 
80 _ — _~ —_ [a — j WORE | O-ETEN 
90 ie oa _ ins ain = es oe 
100 —_— — ait A: ad — 0°00555 , 0°6325 | — 
* This figure appears to be slightly too low. 
CurVE No. 6. 

100 @-nitraniline | m-nitpaniline 

90 wa 

80 -/ 

an ‘ 
70 —— x¥—}— 
Win Oe p-toluidine 
60} 444 * 
ae 
50 mee Set . 
—= | 
“ ra ect 
A m-teluidine 

30 

20 

10 

0 

0:02 0°04 0°06 0°08 0°10 0°12 


Before we can compare the stability of, for instance, diazo-p-nitro- 
benzene chloride with the diazochlorides from aniline and the tolu- 
idines, it is necessary to know whether the ratio of the constants at 


different temperatures is the same. 


eo 


oe ss e&F§ rm 
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By putting the value of C for diazobenzene chloride at each tempera- 
ture equal to unity, and calculating the corresponding values of C for 
the three diazotoluene chlorides, we obtain the following : 


i | 
| Diazobenzene | Diazo-o-toluene| Diazo-m-toluene| Diazo-p-toluene 

Temperature. chloride. | chloride. | chloride. chloride. 

20° 1 2°6 2°9 — 

30 1 2°4 | 2°36 * 0°07 

40 1 2°7 2°9 0'1l 

50 1 3°4 — 0°12 

60 1 — a 0°11 


* See note on previous page. 


We shall, therefore, not be far from the truth if we compare diazo- 
p-nitrobenzene chloride (at 80°) with diazosulphanilic acid (at 80°), 
diazosulphanilic acid (at 60°) with diazobenzene chloride or diazo-p- 
toluene chloride (at 60°), and hence obtain a comparison between the 
stabilities of these diazo-salts. 

Carrying this out, and putting the value of C’ equal to unity for each 
substance successively, we obtain the following numbers, which show 
the relative rate of decomposition of each diazo-salt for any given 
temperature. (For comparing diazobenzene chloride and the diazo- 
toluene chlorides, the constants at 40° have been used.) 


Diazo-salts from 


Toluidine. | Sulph- Nitraniline. 
Aniline. | anilic 
Ortho, Meta. Para. | acid. Ortho. | Meta. Para. 
on 1 1°08 _ _ —- | — _ 
1 27 2°9 _ — —_— | — — 
8°7 23°8 25°7 1 — ee en —_— 
16°6 451 | 48:7 19 1 a -_ 
160 435 470 18°3 9°6 —- | -— 1 
378 1028 1110 43°1 22°8 — | 1 2°36 
2195 5962 6436 250- | 182 1 | 58 | 187 


The very great stability of diazo-o-nitrobenzene chloride is thus seen 
at a glance; it is more than 6000 times as stable as diazo-m-toluene 
chloride, the rate of decomposition of the latter being 6436 times 
greater than that of the former. We may here remark that Hantzsch 

5 D2 
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found diazo-p-tolaene chloride to be about 8 times more stable than 
diazobenzene chloride ; this agrees with our result (8°7). 

By using this table and the table of constants, it is easy to find 
what percentage of any of the above diazo-salts would be decomposed 
ina given time. For instance, if a solution of diazo-p-nitrobenzene 
chloride is prepared and kept at 20° for 1 week, the amount of decom- 
position may be calculated as follows. 

The constant at 20° would be the constant for diazobenzene chloride 
(000072) divided by 160=0-0000045 ; ¢=1 week = 10080 minutes, so 
we have : 


1 A 
= —— } 
° t °6 A-«a’ 
1 100 
. Oe nile a Ps h 
0:0000045 10080 og 100 =a” whence 
a = 99; 


thus, 9°9 per cent. of the diazo-solution at 20° would be decomposed in 
one week, 


9-Diazo-p-acetaminobenzene Chloride. 


Fifteen grams of p-amincacetanilide (1/10 mol.) were dissolved in 
30 c.c. of hydrochloric acid of sp. gr. 1:16 (3/10 mol.), the solution 
cooled, and 6°9 grams of sodium nitrite ‘added. The solution thus 
obtained was made up to 1400 c.c. and contained 19°75 grams of 
diazo-salt per litre. 

We have measured the rate of decomposition of the diazoacetanilide 
at 80° and 100°, and at each temperature find that the value of C 
diminishes very rapidly. 


Temperature 80°. 


: 


A=58'6 (8°8°, 756 mm.). A=58'6 (8°8°, 756 mm. ). 


é. z. | C. t. 2. C. 
20 | 7°6 000301 35 10°5 0 00245 
56 151 0°00231 69 17°0 000215 
95 19°4 0°00184 94 19°3 0°00184 
392 25°8 0°00064 834 25°5 0°00074 
1238 36°7 000034 1119 37°1 0°00039 
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Temperature 100°. 


A=58'6 (8°, 751 mm.). 


a Z C. 

3 8°9 0 0238 
10 18°1 0°016 
47 | 27°7 0:0059 

173 | 39°4 0°0028 
282 45°83 0:0023 
472 51°6 | 0 0019 


The reaction is thus not a unimolecular one, being obviously com- 
plicated by the simultaneous decomposition of the diazo-salt and 
elimination of the acetyl group by the free mineral acid. 

By using acetic acid instead of hydrochloric acid, the hydrolysis 
does not take place, and the reaction proceeds in accordance with the law. 

The p-aminoacetanilide was diazotised as before, but 3/10 mol. of 
acetic acid was used in place of the mineral acid. 


Temperature 80°. 


1. 2. 
A=61°6 (19°, 752 mm.). A=61'6 (19°, 752 mm.). 
t. x C t. x | C. 
| 

3 | 45 | 0°0110 | 6 8°6 0°0109 
4 63 | 0°0117 8 | ld 0°6108 

ce Fees iD 0°0121 | 10 | 182 0°0105 
83 12°6 0°0117 | 12 1571 0-0102 
10 | 42 | 0°0114 } 4 | az 0°0101 
122 | 163 | 0°0111 | 17 | 208 0°0102 
14 |) «185 00111 |} 20 | 28% 070104 
17 | 23 | 00108 | 24 | | (O75 0-0107 
200 | 243 | 0°0109 } 3% | 31°1 00109 
23 | 273 0-0111 | 36 87°4 0°0113 
92 | 316 | oo12 “|| 62 | 48% 0-0108 
33 352 | 0°0111 ! 
36 36°83 | 0°0110 
40 38°38 | 0°0108 | 
48 42°2 | 0°0104 
60 | 46°3 | 0:0101 | 

| 

Range 7 to 75 %. Mean 0°0111. || Range 14 to 78 % Mean 0°0106. 


Mean of the two experiments, 0°01085. 
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The diazoacetate is thus about 6°5 times more stable than diazo- 
sulphanilic acid. 

In examining the tetrazo-salts prepared from the diamines, benz- 
idine, tolidine, dianisidine, and o0o-dichlorobenzidine, we have ob- 
served singular differences in their behaviour. 

It is obvious that there might be a difference in the stability of 
the diazo-groups of any one substance. If this were the case, the re- 
action could not proceed unimolecularly, as an intermediate substance 
would be formed containing a single diazo-group, which would then 
proceed to evolve nitrogen. 

The effect of this on the value of C (calculated as if the formula for 
a unimolecular reaction applied in this case) would be either to 
diminish or increase it. 

In two cases, namely, the tetrazo-salts from benzidine and tolidine, 
the value of C gradually diminishes; in the case of the tetrazo-salt 
from dianisidine, the value increases, but in the case of the tetrazo- 
salt from oo-dichlorobenzidine, the value is constant, showing that 
the two diazo-groups in this substance are decomposed at the same 
rate. 


10. Tetrazodiphenyl Chloride. 


9°2 Grams of benzidine (1/20 mol.) were dissolved in 30 c.c. of 
hydrochloric acid of sp. gr. 1°16 (3/10 mol.), the solution cooled, di- 
azotised with 6°9 grams of sodium nitrite, and made up to 1400 c.c. 
Thirty-five c.c. were taken for the experiments : 


Temperature 50°. 


1. | 2. 
A=60'1 (10°, 740 mm.). | A=60'1 (10°, 740 mm.). 
rom © | 
t. x. | C. | t. | x. C. 
ee ae | 
100. | 221 | 000203 | 10 | a9 000201 
140 | 28-0 | 000200 || 140 | 27° 000198 
189 | 33:0 | 0:00187 189 | 83-2 000189 
232 | 365 000179 232 37°0 000184 
420 | 45°5 | 0-00151 | 420 45°4 000151 
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Temperature 60°. 


A =59'0 (10°, 754 mm.). 


t a c. 
33 | 23°38 00066 
53 31°2 0:0062 
71 35°7 0°0057 
95 40°2 0 0052 
248 50°5 00034 


The reaction is thus not a unimolecular one, as the value of C is 
not constant. We are of opinion that the intermediate compound, 
diazo-p-hydroxydipheny] chloride, OH:C,H,*C,H,°N,Cl, is continually 
being formed and decomposed. 


11. Zetrazoditolyl Chloride. 


The solution of this salt was prepared as the preceding one, substi- 
tuting 10°6 grams of o-tolidine for the benzidine : 


Temperature 50°. 


1. | 2. 
A=58°5 (9°, 757 mm.). | A =58°5 (9°, 757 mm.). 
t 2. C. i | z. C. 
| 
36 23°6 00062 | 36 | 296 0°0058 
57 30°9 0-0057 57 «(| «C806 00056 
79 36°6 0-0054 79 +| 865 0-0054 
104 41-2 0°0051 104 | = 40°5 0-0049 
144 45-1 00044 143 | 43° 00042 
309 52°3 0:0031 | 385 | 632 0-0028 
| 


Here, again, the reaction is not unimolecular, probably due to the 
formation and decomposition of the intermediate diazo-p-hydroxydi- 
tolyl chloride, OH*C,H,Me*C,H,Me-N,°Cl. 


12. Zetrazo-oo-dichlorodiphenyl Chloride. 


The solution of this salt was prepared as No. 10, substituting 126 
grams of 0o-dichlorobenzidine for the benzidine : 
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Temperature 100°. 


A=59'9 (9°5°, 741 mm.). 


t x C. 

9 3°9 0°0032 
20 7°5 0°0029 
46 15°2 0:0028 

109 31°1 0:0029 
161 38°9 0°0028 
185 43°0 0°0030 
£02 45°3 070030 


Range 6'5 to 75 %. Mean 0°00294. 


The decomposition in this case follows the law.* 


13. Tetrazo-00-dimethoxydiphenyl Chloride. 


The solution of this salt was prepared as No. 10, substituting 12°2 
grams of dianisidine for the benzidine : 


Temperature 100°. 


1. 2. 

A=59'2 (10°, 752 mm. ). A=59'1 (10°, 753 mm.). 

te 2. C. t. x. C. 
55 21°4 00035 61 22°6 0°0034 
61 | 24-2 00037 73 28°0 0-0038 
69 «=| «(2777 00040 92 35°6 0:0043 
80 | 3824 00043 104 39°8 00047 
87 | 352 00045 116 43°4 0°0050 
119 | 45°5 00053 129 47-0 0°0053 
149 «=6| «530 0:6065 | 156 51°9 0-058 


This reaction also is not unimolecular. 

As the tetrazo-salt from dichlorobenzidine is the only salt which 
decomposes in accordance with the law, we can compare its constant 
only with those of the foregoing table. It is seen that its constant 
at 100° (0:00294) is less than that of o-nitroaniline (000555), so that 
it is 1:9 times more stable than the latter. 


* The product of decomposition is not the dihydroxy-compound, as in the case of 
benzidine and tolidine. I am investigating this at present.—[J. C. C.] 
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As regards the remaining substances which do not conform to the 
law, we can of course only very roughly compare them among them- 
selves. F 

We may say that the stability of the tetrazo-salt from dianisidine 
is of the same magnitude as that from dichlorobenzidine ; then comes 
the tetrazo-salt from benzidine, about as stable as diazosulphanilic 
acid, and, lastly, the tetrazo-salt from tolidine is about five times as 
stable as diazobenzene chloride. 

We are at present engaged in studying the decomposition of diazo- 
salts of the naphthalene series. 


We wish to thank Messrs. Levinstein, Ltd., Manchester, for kindly 
supplying us with the pure aminoacetanilide and dichlorobenzidine 
used in this work. 
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CXLIL.—Studies of the Terpenes and Allied Compounds. 
The Sulphonation of Camphor. JI. Camphor- 
sulphonic Acid (Reychler): the Formation of An- 
hydramides. 


By Henry E. Armstrone and T, Martin Lowry. 


ALTHOUGH in determining the structure of camphor to be that repre- 
sented by the formula chosen, with remarkable felicity, by Bredt, in 
1893, chemists have decided an issue which had long engaged attention, 
the problems offered by camphor and allied compounds are still many 
and intricate. No substance known to us suffers rearrangement of its 
parts and undergoes a complete change of type more readily than does 
camphor—for example, under the influence of dehydrating agents. Such 
changes appear the more remarkable when it is remembered that it is 
but a mono-ketone derived from a ‘ phane’ or saturated cycloid hydro- 
carbon: indeed, no better illustration can be given than that which 
camphor affords of the extraordinary effect exercised by oxygen in 
promoting change. There can be little doubt that the ketonic group is 
the centre from which the primary influence proceeds in all cases. 

But great as is the advance in our knowledge, the “ mechanism ” of 
many of the changes involved in the passage from camphor to com- 
pounds of other types is still far from being understood, and we are 
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without any clue as to the manner in which it is formed, and as to the 
part which camphor and compounds such as the terpenes play in 
nature: in this connection, the fact that camphor is so rarely met with 
whilst terpenes are of universal occurrence is in itself remarkable. 
The problems which the substitution derivatives of camphor offer 
are in some respects peculiar. Usually the hydrogen atoms of the 
CH, group contiguous with the CO group are first affected ; in fact, 
nearly all the known substitution derivatives are of this type. It is 
only on sulphonation that camphor behaves “ abnormally,” the sulphonic 
group entering one of the median methyl groups in the so-called 
m-position ; and not only is the action abnormal in respect of the 
position occupied by the sulphonic group, but it also involves the “ optical 
inversion” of the camphor. It is therefore obvious that the sul- 
phonation either involves, or is attendant on, changes in the molecular 
structure of the camphor other than those which ordinarily accompany 
the process. On this account, the further study of the action of sul- 
phuric acid on camphor became desirable ; the discovery made by 
Reychler in 1898 (Bull. Soc. Chim., [iii], 19, 120) that camphor 
can be easily sulphonated in another manner, and without undergoing 
inversion, accentuated the importance of extending the inquiry. 
Reychler’s method consists in merely adding camphor (3 parts) to a 
mixture of acetic anhydride (4 parts) with ordinary concentrated 
sulphuric acid (2 parts); the sulphonic acid gradually crystallises out 
at the ordinary temperature, the greater part separating within two or 
three days. The extreme ease with which the camphor is sulphonated 
is altogether remarkable, but the most noteworthy circumstance in 
connection with the acid is that whereas only a single series of salts and 
a single sulphochloride were obtained by Reychler, he described two 
distinct compounds formed by the action of ammonia on the sulpho- 
chloride—the one melting at 223° and the other at 132°. These he 
regarded as camphorsulphonamides of the formula C,,H,,0(SO,"NH,), 
and the analytical results which he quoted are in accordance with this 
conclusion. As determinations of molecular weight made by the boil- 
ing point method—with the object of ascertaining whether perhaps 
the two compounds were not polymerides—gave similar values ap- 
proximating to the formula C,,H,,O,NS, we were content at first to 
accept Reychler’s view, especially as on substituting piperidine for 
ammonia we obtained two undoubtedly isomeric piperidides of normal 
composition. It appeared to be not improbable, in fact, that the crude 
sulphonic acid was a mixture of stereoisomerides, and that Reychler had 
succeeded in separating the isomerides only in the case of the amides 
(compare Lowry, Trans., 1898, '73, 569, 986). But we were obliged to 
abandon this stslepetion on finding that the properties of the sulpho- 
chloride were unaffected by recrystallising it repeatedly. Ultimately, 
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observations were made which led to the discovery that either of the 
compounds could be obtained at will. It was found that by making 
use of a dilute solution of ammonia, only the compound of higher 
melting point—which is apparently the normal product —was formed ; 
whereas if a concentrated solution of ammonia were used and the 
interaction allowed to proceed unchecked, the compound of lower melt- 
ing point was obtained, but in admixture with a greater or less propor- 
tion of the compound of higher melting point. Precisely similar 
results were obtained with the sulphobromide which we prepared from 
the acid. But no variation in the proportion in which the two piper- 
idides were produced was noticed on varying the conditions of inter- 
action ; and in conformity with Reycbler’s statement, we could obtain 
only a single anilide. 

As the compounds formed by the action of ammonia answered to the 
descriptions given by Reychler, it did not seem necessary to analyse 
them. Bearing in mind the ease with which the sulphonation is effected, 
it was not unnatural to suppose that the camphor had undergone sul- 
phonation in the a-position, and that we were dealing with stereoiso- 
meric a- and a’-sulphonamides, the formation of which from a single acid 
could be accounted for on the assumption that the ketonic group took part 
in the interaction. This view received support from the observation made 
at an early stage of the inquiry that the supposed amide of lower melt- 
ing point was converted into that of higher melting point by merely 
warming it either with a mineral acid or with bromine—the very 
agents which are most frequently active in bringing about stereo- 
isomeric change. We therefore continued to accept Reychler’s con- 
clusion that the two compounds were isomeric, and referred to the 
compounds as stereoisomerides in our preliminary communication (Proc., 
1901, 17, 182). 

On applying Reychler’s method to a-chloro- and a-bromo-camphor, it 
was found that although these were sulphonated somewhat less readily 
than camphor, they gave rise to acids isomeric with those described by 
Kipping and Pope; these were obviously derivatives of the Reychler 
acid, as they could be converted into derivatives of this acid by reduction. 
Each of the acids gave but a single sulphonamide. Whereas, however, 
the bromosulphonamide gave on reduction the labile camphorsulphon- 
amide (m. p. 132°), the chlorosulphonamide—which was much less 
readily reduced—gave the stable compound melting at 223°. 

On attempting to prepare the bromo-acid by the reversed method 
from camphorsulphonamide and bromine, two brominated compounds 
were obtained, the one melting at 166°, the other at 186°. Neither of 
these was identical with the amide prepared directly from bromo- 
camphorsulphonic acid, but as both, on reduction, gave the supposed 
‘‘camphorsulphonamide ’’ melting at 223°, they were obviously related 
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to it in some simple way. Eventually they were found to be anhydr- 
ides formed by the withdrawal of the elements of a single molecule of 
water from the bromosulphonamide. The one melting at 186° was 
readily obtained from the a-bromocamphorsulphonamide by merely 
boiling this with acetic anhydride, whilst both were formed on digest- 
ing the amide with bromhydric acid. Bearing in mind the manner in 
which they are prepared and their behaviour on reduction, it is probable 
that the anhydride melting at 186° is directly derived from dibromo- 
camphorsulphonamide, whilst that melting at 166°is the stereoisomeric 
a'-bromo-compound. 

As the two compounds described by Reychler as camphorsulphon- 
amides were both found to be unaffected by acetic anhydride, our belief 
in the existence of two isomeric amides derived from the acid remained 
for some time undisturbed, especially as we had been able to prepare 
two undoubtedly isomeric piperidides. The formation from camphor- 
sulphonic acid of two isomeric sulphonamides could not well be explained 
unless they were regarded as stereoisomeric a- and a’-compounds, but as 
the investigation proceeded, we were impressed by the difficulty of ob- 
taining direct proof that the Reychler acid was in reality an a-derivative 
of camphor, particularly after we had discovered that its sulphobromide 
was converted into 8-bromocamphor and sulphur dioxide when decom- 
posed by heat. Eventually we were led to take the step of controlling 
the statements put forward by Reychler. It was then discovered that 
whilst the compound melting at 132° had the composition of camphor- 
sulphonamide, the supposed amide melting at 223° was not an isomeric 
substance but the anhydride of which we had previously obtained 
stereoisomeric bromo-derivatives ; and that although it could not be 
obtained by means of acetic anhydride, it was readily prepared by 
heating the sulphonamide above its melting point. 

Whilst it affords proof that Reychler’s acid is a single substance, 
the evidence thus far adduced throws no light on the nature of the 
acid, and is compatible with the view that it is an a-derivative: 
in other words, that sulphuric acid behaves, under certain conditions, 
in what may be said to be a normal manner towards camphor. The 
sulphonation is effected with remarkable readiness, almost more 
readily than bromination, and it might therefore be anticipated that 
the action would proceed in the same manner in the two cases. But 
as no trace of camphoric acid is formed on oxidising Reychler’s acid 
with nitric acid, it is difficult to believe that the acid can be an 
a-derivative. It may be mentioned here, as an indication that the,in- 
troduction of the SO,H group increases the stability of the molecule, 
that a-bromocamphorsulphonic acid is only very slowly oxidised when 
boiled with nitric acid—even in presence of silver nitrate. 

Passing to the positive evidence as to the nature of the acid, at 
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present we have but one fact, namely, that 8-bromocamphor is readily 
obtained by decomposing its sulphobromide. Hitherto, it has always 
been found that the chloro- and bromo-compounds prepared by decom- 
posing sulpho-chlorides and -bromides contain the halogen in the posi- 
tion originally occupied by the sulphonic group, even in the cases in 
which the sulphonic acid is capable of undergoing isomeric change. 
There would be no reason to doubt this in the case of camphor were it 
not that the B-bromo-derivatives have been prepared by a process of 
isomeric change from the a-derivatives, and it would therefore not be 
surprising if a similar transfer were to take place under the somewhat 
drastic conditions involved in the formation of a simple bromo-deriva- 
tive by the decomposition of a sulphobromide. 

Evidence that the two a-positions are free in Reychler’s acid is 
afforded, however, by the fact that what appear to be isomorphous 
mixtures of chlorobromosulphonamides are obtained by the action of 
bromine on a-chlorocamphorsulphonamide, and of chlorine on the 
a-bromamide, whilst the a-bromo-compound appears to give only a 
single substance when brominated, and the a-chloro-compound but a 
single dichloro-derivative. But this evidence is of a much less striking 
character than that obtained in the case of the chlorobromocamphors 
(Lowry, Trans., 1898, '73, 569), and cannot be regarded as affording 
any conclusive proof of the position of the sulphonic group. 

A second argument to the same effect is afforded by the fact that 
B-bromocamphor cannot be sulphonated to any appreciable extent 
under conditions which determine the sulphonation of a-bromocamphor, 
which is especially remarkable when it is borne in mind how easily 
camphor is sulphonated and that a-bromocamphor is sulphonated with- 
out difficulty ; there is no reason to suppose that a bromine atom in 
the £-position would exercise so complete an inhibiting influence as 
to prevent all action if the a-position be that attacked on sulphonation. 
Tn further support of this argument, it may be pointed out that whilst 
a-bromocamphor is not attacked by hydroxylamine, a hydroxime is ob- 
tained without difficulty, not only from 8-bromocamphor (Forster), but 
also from camphorsulphonic acid. 

Assuming the foregoing arguments to be sound, the only conclusion 
we can draw is that the Reychler acid is a B-derivative of camphor. 

The ‘“ anhydrosulphonamides,” to which reference has frequently 
been made, are compounds of considerable interest if the lesson which 
their formation conveys b3considered. In ordinary cases, the sulphon- 
amide is formed directly from the sulphochloride, and there is no 
. extraneous group which can come into play, but in camphor the 
CO group must also be considered. If it be supposed that, instead 
of the interaction taking place “normally” between ammonia and 
the SO,Cl group, the CO group is affected and unites with the ammonia, 
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and that subsequently hydrogen chloride and water are eliminated, a 
closed chain would be formed in the following manner : 
. ¢ ‘OH *C *OH sie . C 
‘0,01 NH, -S0,*NH ‘80,°N 
The tendency of the ammonia to combine with the ketonic group 
would be less, it may be supposed, the higher the temperature, and the 
SO,Cl group would therefore exercise the superior attraction at higher 
temperatures. In point of fact, the amide is only formed from 
-eamphorsulpho-chloride and -bromide when the action is allowed to 
proceed uncontrolled ; the more carefully the operation is conducted, 
the greater is the amount of anhydro-compound formed ; and this may 
easily be made the sole product, but the amide is never obtained alone. 
This argument finds further support in the fact that the bromo- and 
chloro-sulphochlorides yield only the amide. It may be supposed that 
the introduction of the halogen leads to a considerable reduction of 
the attractive power of the ketonic group ; and it may be noted incident- 
ally that the non-formation of a hydroxime from a-bromocamphor affords 
direct evidence that the a-halogen atom does exercise such an inhibiting 
influence. 
An explanation of the action of acids, which are far more active as 

“ dehydrating agents ” than even acetic anhydride, is easily given on the 
assumption that the first product is an additive compound, thus : 


‘CO *CBr:OH ‘C-:OH — °C 
‘80,NH,  -SO,NH, | “SOyNH — -80,N 
In a similar manner, when acetic anhydride is used as dehydrating 
agent, the action may be supposed to involve the formation of an 
intermediate additive compound of the acetal type. 

It remains only to refer to the two camphorsulphopiperidides. It 
does not seem probable that these are stereoisomerides, as all attempts 
to convert them into one another by the action of mineral acids have 
been unsuccessful. It appears to us that their formation is most satis- 
factorily explained by assuming that a series of changes takes place 
similar to that involved in the formation of the anhydramides. The 
piperidide melting at 140°, which can also be prepared by reducing 
a-bromocamphorsulphopiperidide, is probably a piperidide of the normal 
type, C,,H,,O°SO,"NC,H,,, formed in the normal manner, The forma- 
tion of an isomeride may be accounted for on the assumption that an 
additive compound of the aldehyde-ammonia type is formed, which is 
converted into a sulpholactone by the subsequent elimination of 


hydrogen chloride ; thus : 
Tore) ‘C-NO,H -C-NO,H 
—> ] 5°10 —> 5°10 | 
“80,Cl ‘S0,Cl OH -$0,°0 
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At present, however, no proof of the correctness of such an explan- 
ation can be given. 


Camphorsulphonic Acid (Reychler). 


In preparing the acid, either ordinary concentrated sulphuric acid 
or the monohydrate may be used ; but acid containing 10 per cent. of 
sulphuric anhydride gives less satisfactory results than the weaker 
acid. For most purposes, it is sufficient to allow the liquid to drain 
away from the crystalline magma and then to wash the crystals with 
acetic acid until they are nearly free from colour; but the acid can 
be further purified by recrystallising it either from acetic acid or from 
ethyl acetate; it separates from the latter solvent in large, trans- 
parent prisms. Our observations serve to confirm Reychler’s state- 
ments as to the physical properties of the acid. 

Camphorsulphochloride.—We have found that the melting point and 
rotatory power of this compound are not altered by repeatedly recrys- 
tallising it from ether, chloroform, and light petroleum ; nor were they 
different when the acid used in preparing it was recrystallised four 
times alternately from acetic acid and ethyl! acetate. 


Constants.—[a |’ +31°1° (Solv.—chloroform; ¢-10 grams per 
100 c.c.). 


Camphorsulphobromide (n. sp.*).—In preparing this, it is necessary to 
work with moderately small quantities, to use a slight excess of the 
potassium salt rather than of the pentabromide, to leave the liquid pro- 
duct until firm and solid, and to avoid all local heating when the 
product is ultimately ground up with crushed ice ; if these precautions 
be not observed, and especially if excess of pentabromide be used, the 
yield is very small and the product impure. The sulphobromide can 
be purified by recrystallising it from dry ether, from which it separates 
in large, four-sided tablets. In working with large quantities, the wet 
substance may be dissolved in chloroform, and the solution having 
been dried by means of calcium chloride, the sulphobromide is pre- 
cipitated by adding light petroleum after distilling off as much as 
possible of the chloroform. 


Constants.—M. p. 93° [a] +26:0° (Solv.—chloroform; ¢-10 
grams per 100 c.c.). 


* These letters are affixed so as to indicate the new compounds described in the 
paper. 

All the compounds which are described were analysed: the results which were 
obtained are expressed by the formule which are given, As the substances are all 
well defined, and are related to each other in a very simple manner, no question can 
arise as to the interpretation which should be given to the results, and the numbers 
are of no independent value: to save space, therefore, the analytical values are 
omitted.—[H. E. A.] 
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Camphorsulphonamide, C,,H,,0°SO0,*NH,, is only formed by the 
interaction of the sulphochloride and ammonia when a concentrated 
solution of the latter is used and the action is allowed to proceed 
violently ; even then, the amide is always mixed with more or less of 
the anhydramide described below, from which it is distinguished by 
its moderate solubility in hot water. To separate the two compounds, 
the crude product is boiled with a little water ; the undissolved part is 
almost pure anhydramide, but the substance which separates from the 
aqueous solution as it cools is still impure and must be recrystallised 
at least twice. 

The amide is also produced when a-bromocamphorsulphonamide is 
reduced with zinc dust and acetic acid. 


Constants.—M. p. 132° (Reychler, 127°). [a] +1°5° (Solv. - 
chloroform, c—10 grams per 100 c.c.). 

The b. p. of 7°099 grams of benzene was raised 0:158° by 0°1145 
gram, 0°406° by 0°3795 gram, 0°588° by 0°6975 gram .°, Mol. wt. 
272, 352, 446; cale. 232. 


Camphorsulphonanhydramide, C,,H,,NSO,, is the sole product of 
the interaction of ammonia and the sulphochloride when a dilute solution 
of ammonia is used, even when the mixture is heated in the water- 
bath. It crystallises well from a large bulk of boiling alcohol. 

The conversion of camphorsulphonamide into this compound takes 
place under somewhat remarkable conditions, being readily determined 
by acids, whilst ordinary dehydrating agents are relatively ineffective. 
When the amide is merely covered with concentrated chlorhydric, 
bromhydric, or sulphuric acid, it soon dissolves, but the anhydramide 
separates from the solution in the course of a few minutes; it is of 
interest, as an indication of the strength of the acid, that the conver- 
sion of the amide into the anhydramide may be brought about in the 
course of a few minutes by boiling it with a concentrated solution of 
camphorsulphonic acid, 

Camphorsulphonamide crystallises unchanged from acetic anhydride. 
If it be heated above its melting point, gas (water vapour) is given off 
at about 170°, and the liquid solidifies at about 200° and again becomes 
liquid when the melting point of the anhydramide is reached. 


Constants.—M,. p. 223° (Reychler 220°), [a]l® - 335° (Solv. - 
chloroform ; c—5 grams per 100 c.c. 

The b. p. of 7°130 grams of benzene was raised 0°543° by 0:324 gram, 
that of 6:958 grams 0°560° by 0°4650 gram, and that of 7:130 grams 
0°760° by 0°7070 gram .*, Mol. wt = 265, 280, 348 ; calc. 214. 


Camphorsulphonanilide, C,)H,,O°SO,*,NHPh.—Reychler’s observa- 
tion that only one anilide is produced by the interaction of aniline and 
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camphorsulphochloride is confirmed by our experiments, The same 
substance is obtained on reducing a-bromocamphorsulphonanilide. 


Constants.—M. p. 119°. [a]i +67°3° (Solv.—chloroform, ¢—10 
grams per 100 c.c.). 


Camphorsulphon-p-bromanilide (n. sp.).—This compound may be pre- 
pared either by brominating the anilide just referred to, or from 
p-bromaniline. It is only slightly soluble in spirit, from which it erys- 
tallises in flat needles, but somewhat more soluble in acetic acid. 


Constants.—M. p. 167° [a]}°+56:4° (Solv.-—chloroform; c-10 
grams per 100 c.c.). 


Camphorsulphopiperidides.—Of the two isomeric piperidides formed 
by the interaction of piperidine and camphorsulphochloride, the more 
soluble is produced only in small quantities, and we have not succeeded 
in altering the conditions so as to effect any noticeable alteration in 
the proportions in which the two substances are formed. The less 
soluble—which is the principal product—can also be prepared by 
reducing a-bromocamphorsulphopiperidide, and on this account is prob- 
ably the normal piperidide, C,,H,,0°SO,"NC;H,). As the two piper- 
idides do not undergo change into each other when digested with con- 
centrated chlorhydric acid, they cannot well be stereoisomerides. 

Camphorsulphopiperidide (1) (n. sp.).—Constants.—M. p. 140°. [a]P 
+32°2 (Solv.—chloroform ; c—5 grams per 100 c.c.). 

The piperidide crystallises from dilute spirit in long, glistening 
needles. It was obtained from a solution in acetone in stout, glistening 
crystals which were measured with the following results : 


System.—Orthorhombic. 

Axial ratios.—a :b:¢ = 1°1722 : 1: 0°8978. 

Forms present.—a{100}, c{001}, p{110}, r{101}, q{011}. The form 
q{011} was observed only twice and the form c{001} is frequently 
missing. 

Habit.—Stout prisms, slightly elongated along the b-axis and often 
flattened parallel to a face of the form r{101}. 


VOL, LXXXI. 
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Number of 


observations. Limits. Mean. Calculated. 


_ Angles observed. 


ar =100:101 30 | §2°18’— 52°55’ 52°33’ — 
rr =101:101 6 | 105 4—105 20 105 12 105° 6’ 
re =101:001 10 | 8718— 87 42 37 27 37 27 
rr =101: 101 15 | 7417— 75 9 74 46 74 54 
ae =100:001 6 | 8950— 90 7 89 58 90 0 
ap =100 : 110 26 | 4915— 49 50 49 32 ~ 

pp =110:110 14 | 8040— 81 5 80 50 80 56 
rp =101:110 24 |  6627— 67 8 66 45 66 45 
rq =101:011 2 58°48" 53 48 58 48 


pq =110:011 | 59 26— 59 40 59 83 59 27 


2 
rp =101:110 19 | 112 55—113 33 113 15 113 15 


isoCamphorsulphopiperidide (?) (n. sp.).—Constants.—M. p. 56°. [a ]}” 
+ 33°6° (Solv. —chloroform ; c—10 grams per 100 c.c.). 

This compound is excessively soluble in almost all solvents; it can 
be obtained in large, transparent crystals by allowing its solution in 
dilute alcohol to evaporate slowly. Brilliant crystals were obtained 
from light petroleum which were measured with the following results: 


System.— Orthorhombic. 

Axial ratios.—a :b:c=1°1080:1:0°9814. 

Forms present.—a{100}, c{001}, p{110}, r{101}. The form a{100} 
is always small and frequently absent. 

Habit.—Usually stout crystals flattened parallel to a face of the 
form p{110}. 


s 
‘ 


- 


- 


‘ 
U 
UJ 
U 
U 
te? 


Number of 
observations. 


Angles observed. Limits. Calculated. 


er =001: 24 41° 2’— 41°58’ 
rr =101: rh i 82 47 — 83 20 
ar =100: 8 47 59 — 48 52 
rr =101: 12 96 48— 97 16 
pp =110: 8 84 5— 8422 
pp =110: 8 95 42 — 95 55 
pr=110: 16 63 27 — 63 52 
pr=110: 12 116 0—116 37 
cp =001: 20 89 50 — 9012 
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a-Bromocamphorsulphonic Acid (n. sp.). 


a-Bromocamphor and a-chlorocamphor are readily sulphonated by 
means of a mixture of acetic anhydride (4 mols.) and sulphuric acid 
(1 mol.). The best results have been obtained by keeping the mixture 
during a day or two at atmospheric temperature, and then heating 
during two hours on a water-bath. Under these conditions, 80 or 90 
per cent. of the material is sulphonated, but if the heating be prolonged, 
a large amount of insoluble matter is produced, and it is very difficult 
to purify the product. When sulphonation is effected, the cold mix- 
ture is poured into water, the solution then filtered and boiled for 
several hours with animal charcoal until the greater part of the acetic 
acid has been volatilised, when the liquid is again filtered and neutralised 
with lime. The calcium salt separates from the properly concentrated 
solution ; if the product be brown in colour, the colour may be partially 
removed by washing the salt with spirit before recrystallising it. 

+ Caleium a-bromocamphorsulphonate, (C,,H,,0,SBr),Ca+6H,O, crys- 
tallises from hot water in pearly scales or in flat, transparent plates ; 
it dissolves readily in hot, but only sparingly in cold water. 

Potassium a-bromocamphorsulphonate, C,,H,,OBr*SO,K + 4H,0, crys- 
tallises from water in transparent, efflorescent tablets, and is more 
soluble than the calcium salt. 

a-Bromocamphorsulphochloride, C,,H,,OBr*SO,Cl, dissolves readily 
in chloroform and ethyl acetate, but less readily in ether and benzene ; 
it separates from these solvents in large, transparent prisms. It is an 
exceedingly stable substance, which can be kept during several months 
without undergoing change. 


Constants.—M. p. 65°. [a]§ +104° (Solv.—chloroform; ¢-10 
grams per 100 c.c.). 


a- Bromocamphorsulphobromide.—This compound is less stable than 
the chloride, undergoing hydrolysis slowly when exposed to the air. 
If it be heated above 130°, it decomposes into sulphur dioxide and 
aB-dibromocamphor (m. p. 115°). 


Constants.—M. p. 61°. [a] +119° (Solv. — chloroform ; ¢c—4 grams 
per 100 c.c.), 


a-Bromocamphorsulphonamide.—This compound crystallises from hot 
water or spirit in needles. When reduced by means of zine dust 
and acetic acid, it yields camphorsulphonamide (m. p. 132°). When 
boiled with acetic anhydride, it is converted into the anhydramide ; 
a dibromo-derivative of the anhydramide is obtained when it is sub- 
jected to the action of bromine. 


5E2 
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Constants.-—M. p. 156°. [a]i7 +106° (Solv. — acetone ; c—5 grams 
per 100 c.c.). 


a-Bromocamphorsulphanilide dissolves very readily in spirit, from 
which it crystallises in minute, felted needles. 


Constants.—M. p. 106°. [a]} +177° (Solv. —chloroform ; ¢-— 4:2 
grams per 100 c.c.). 


a-Bromocamphorsulphopiperidide separates from spirit in prismatic 
crystals. On reduction, it yields the piperidide melting at 140°. 


Constants.—M. p. 123°. [a]§ +111° (Solv.-chloroform ; ¢-3 
grams per 100 c.c.). 


a-Chlorocamphorsulphonic Acid (n. sp.). 


Calcium a-Chlorocamphorsulphonate, (C,)H,,0,8Cl),Ca + 6H,O.—This 
salt crystallises from hot water in pearly scales. 

The barium salt, which is less soluble than the calcium salt, crystal- 
lises from hot water in minute, white scales. The potassiwm salt re- 
sembles that of the bromo-acid. The ammonium salt, although very 
soluble in water, may be obtained in large, glistening, transparent 
plates by allowing the solution to evaporate spontaneously. 

a-Chlorocamphorsulphochloride separates from ether in large, trans- 
parent crystals, which remain unchanged on exposure to the air. 


Constants.—M. p. 60°. [a]>° +80°8° (Solv. - chloroform ; c —5 grams 
per 100 c.c.). 


a-Chlorocamphorsulphobromide.—This compound was but partially 
examined. It decomposes, when heated, into sulphur dioxide and a 
chlorobromocamphor melting at 98° ([a]p) +69°7°), agreeing in its pro- 
perties with that obtained by crystallising until the melting point and 
rotatory power were unchanged the Pa-bromochlorocamphor pre- 
pared by heating a-chlorocamphor with bromine in sealed tubes (Lowry, 
Trans., 1898, 588). 

a-Chlorocamphorsulphonamide crystallises from hot water or spirit 
in needles. On reduction, by means of zinc dust and acetic acid, 
it yields camphorsulphonanhydramide (m. p. 223°). It is converted 
into the chloranhydramide by acetic anhydride, and on chlorination 
affords the dichloranhydramide. 


Constants.—M. p. 141°. [a] +83°2° (Sulv. - acetone ; c~5 grams 
per 100 cc.). 


- 
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Derivatives of Camphorsulphonanhydramide containing Halogen (n. sp.). 


The anhydride of camphorsulphonamide, described on p. 1448, is the 
parent member of a series of compounds of which no fewer than eight 
have been isolated ; in the majority of cases, the sulphonamides and 
the sulphonic acids from which these are derived are unknown, the 
anhydramide being the only derivative which has been prepared. The 
anhydramides are invariably produced when the sulphonamides are 
acted on by halogens, the substitution being accompanied by loss of 
the elements of a molecule of water. In the cases in which stereo- 
isomerism is possible, two compounds are usually produced ; in other 
cases, but one is formed, and whilst only one compound is produced when 
the anhydrides are made from the sulphonamides by the action of 
acetic anhydride, when the dehydration is effected by mineral acids, a 
mixture of stereoisomerides may be formed. Stereoisomerides con- 
taining two different halogen atoms are obtained as isomorphous 
mixtures, but those containing a single halogen atom are not iso- 
morphous, and can be separated in the ordinary way by fractional 
crystallisation. 

a-Bromocamphorsulphonanhydramide, C,,H,,0,NSBr.—This compound 
is a very well-defined substance. It was first obtained by us by subject- 
ing camphorsulphonamide, dissolved in acetic acid, to the action of 
bromine at about 100°, and crystallising the product 15 times from 
spirit, acetic acid, and acetone. It was subsequently prepared by heat- 
ing a-bromocamphorsulphonamide with concentrated bromhydric acid. 
These methods usually give rise to a mixture of stereoisomerides ; the 
a-compound, however, is the sole product when a-bromocamphorsulphon- 
amide is heated with acetic anhydride. Jt separates from spirit and 
acetic acid in flat needles, and from acetone in orthorhombic prisms or 
tablets ; on reduction, it yields camphorsulphonanhydramide(m. p. 223°). 


Constants.—M. p. 186°. [a]p” +99°3°(Solv. — acetone ; c—5 grams 
per 100 c.c.). This value is that obtained with the substance prepared 
by the third of the methods described above ; that prepared by the 
first method gave [a] +97°8, and that prepared by the second gave 
[a] +98:9°. é 

The crystals were examined with the following results : 


System.—Orthorhombic. 

Axial ratios.—a : b:¢ = 1°4659 : 1: 2°1519 =1: 0°6821 : 1:4680. 

Forms present.—a{100}, c{001}, g{011}, r{101}, ’{102}, p{110}. 

Habit.—Usually prisms elongated along the a-axis, but sometimes 
tabular crystals in which the face q is largely developed, or in prisms 
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elongated along the axis of 6. The dominant forms are ¢, p, and q ; 
the forms a and r are only occasionally observed. 


. 


ee eee 


Pad 


| Number | —— 
Angles observed. | of obser- | Limits. Mean. Cale. | H-OCIB 
| vations. | oe Ps 
e:q (001):(011)} 23 |  64°49’— 65°19 | 65° 447 | — 64°53’ 
q:q(011):(011)| 14 | 4939— 50 5 49 52 49°51’ 50 14 
p:q (110):(011)/ 2» | 4120— 4136 41 29 ~— 41 38 
p:q (110):(011)| 29 138 24 —i38 41 138 31 138 31 138 22 
p:e (110):(001); 12 89 52— 90 6 90 0 90 0 90 0 
qir’(011):(102)} 4 | 702—708 | 705 | 70 8 69 56 
qr (011) : (102) 4 | 10951—110 1 | 10954 | 10952 110 4 
e:r’(001):(102)| 15 | 86 5— 3634 36 17 36 17 36 2 
r’: 7’ (102) : (102) 7 | 10717 —107 31 107 26 107 26 107 56 
a@:r’(100):(102)| 2 | 5331— 53 46 53 38 53 43 53 38 
r:r’(101):(102)} 2 | 1927— 1940 19 33 19 27 19 28 
a:7 (100) :(101) | ae 34° 6’ 34 6 34 16 34 30 
p:r (110 :(101);} 1 | 62 17 62 17 62 15 62 17 
q:7 (011):(101)|} 3 | 76° 8’— 76°20’ | 7615 76 16 76 5 
q:7 (011) :(101) 2 103 30 —103 47 103 38 103 44 103 55 
| 


Optica? properties.—The plane of the optic axes is (010), the axis of 
a is the acute bisectrix, and the optic axial angle is large. An optic 
axis is seen emerging through each of the faces of the form r’{102}. 

The crystals exhibit a very striking similarity to those of Baa’-di- 
bromochlorocamphors (Trans., 1898, '73, 585), as may be seen on com- 
paring the axial ratios and also the angular measurements in the last 
two columns of the above table. 


C, >H,,O,.NSBr, 1°4659 : 1: 21519 =1 : 0°6821 : 1:4680. 
C,)H,,0CIBr,, 1°4661 : 1: 2°13832=1: 0°6821 : 1°4550. © 


The resemblance is far closer than that which exists between com- 
pounds so closely related as aa’-dibromocamphor and aa-bromochloro- 
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camphor, and is all the more remarkable because there is no similarity | 
of structure apparent in the compounds. The chief difference between 

the crystals is one of habit: the dibromochlorocamphors usually erys- 

tallise in prisms elongated along the 6-axis, whilst the anhydramide is 

usually developed along the a-axis. 

It may also be pointed out that in these crystals the ratios a: 6 and 
c:a@are almost identical, and that the c:a ratio agrees closely with 
that of the dichloranhydramide described on p. 1457, although the latter 
differs widely in the a:b ratio. 


C,,H,,O,NSBr, a:6=1°4659: 1. 
c:a=1°4680:1. 
C,)H,,0CIBr,, a:b=1°4661:1. 
c:a=1°4550:1. 
C,,H,,0,NSCl,, ¢:a=1°4510: 1. 


a’- Bromocamphorsulphonanhydramide.—On one occasion, in attempt- 
ing to prepare the compound just described by brominating camphorsul- 
phonamide, a product was obtained melting at 166° and of considerably 
lower rotatory power, [a |} +40°5° (Solv. — acetone, c—5 grams per 
100 c.c.). A similar product was obtained by subjecting a-bromo- 
camphorsulphonamide to the action of bromhydric acid. The values 
obtained on analysing these products showed them to be identical in 
composition with the a-anhydramide, and there can be little doubt 
that it is the stereoisomeride, Usually, when the second method is 
adopted, a mixture is obtained the melting point of which is near to 
166°, although the compound melting at 186°may be its chief constituent. 
The character of the product is easily ascertained by determining its 
rotatory power. 

a-Chlorocamphorsulphonanhydramide, ©,).H,,O,NSCl, was first ob- 
tained on attempting to chlorinate chlorocamphorsulphonamide. It is 
readily formed on heating a-chlorocamphorsulphonamide either with 
acetic anhydride or with chlorhydric acid. It crystallises from spirit 
or acetic acid in long, silky needles which are often several centimetres 
in length ; it is more soluble in acetone than the bromo-compound, and 
crystallises from this solvent in large, orthorhombic tablets. 


Constants.—M. p. 167°. [a]}° +59°5° (Solv. — acetone ; c—5 grams 
per 100 c.c.) and 61:2%. The latter value is that found in the case of 
the substance prepared by the acid method, the former that of the 
product obtained on attempting to chlorinate the amide. 


The action of chlorine on camphorsulphonamide was not studied so 
fully as that of bromine, owing to the great difficulty of regulating 
the degree of chlorination, In almost every case, the dichloranhydr- 
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amide was produced ; but on one occasion a substance was separated 
by fractional crystallisation, melting at 147°, of low rotatory power, 
[a] +16-9°, which was probably an isomeride of the a-anhydramide. 

The crystals of a-chlorocamphorsulphonanhydramide were examined 
with the following results. Owing to the small number of measure- 
ments made, the axial ratios may be incorrect to the extent of a few 
units in the third decimal place. 


System.—Orthorhombic. 
Axial ratios.—a:b:c=1:589 : 1: 1°022. 
Forms present.—a{100}, b{010}, c{001}, r{101}, p{110}. 


Calculated. 


| 
| Number of 
| observations. 


Angles observed. 


Optical properties.—There is a good cleavage parallel to the form 
a{100}, and an optic axial figure can be seen through the cleavage 
face. The optic axial plane is parallel to 5{010}, and the acute 
bisectrix is parallel to the axis of a. The optic axial angle is small 
and the double refraction positive. 

No very close relationship exists between the axial ratios of the 
chloro- and bromo-compounds. Most probably the value taken for the 
c-axis of the bromo-compound should be halved to render the measure- 
ments comparable, thus : 


a-Bromanhydramide ......... 1°4659:1: 1-076 
a-Chloranhydramide 1589 :1:1:022 
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Of the four anhydramides containing two halogen atoms, two are ob- 
tained as isomorphous mixtures, two of the products appear to be 
single substances. . 

aa’=Dichlorocamphorsulphonanhydramide may be prepared by chlorin- 
ating either camphorsulphonamide, or a-chlorocamphorsulphonamide, 
or a-chlorocamphorsulphonanhydramide: the amide is dissolved in 
acetic acid and the liquid heated on a water-bath while an excess of 
chlorine is passed into it; on allowing the solution to cool, the di- 
chloranhydramide separates in large, transparent prisms or needles, and 
when recrystallised from spirit or acetic acid forms long, silky needles 
melting at 172°. When the substance is repeatedly recrystallised, the 
melting point rises to 176°, but the rotatory power remains constant 
at [a], +6°; the product is therefore to be regarded as a single 
substance and not as an isomorphous mixture. The compound is reduced 
by zinc dust and acetic acid to camphorsulphonanhydramide (m. p. 223°). 

The following measurements were made of crystals of the dichlor- 
anhydramide deposited from acetone. 

System.—Orthorhombic. 

Axial ratios.—a :b:c=1:1096 : 1: 1°6097. 

Forms present.—a{100}, c{001}, r{101}, {102}, g= {011}. 

Habit.—Prisms elongated along the b-axis. 


Angles observed. Number of Limits. | Mean. | Calculated. 
observations. | 

a:r100:101 | 27 34°19’— 34°53’ 34°34°5’ pa, 
r:7 101:101 13 63 40 — 69 31 69 12 69° 9’ 
r:7101:102 | 15 1913 — 19381 1925 | 1928 
ez’ 001 : 102 11 35 48— 36 3 3554 | 36 1 
e:r 001:101 21 55 9— 55 45 5525 | 5525 
r:r 101: 101 8 110 36 —110 53 11046 =| 11061 
a:c 100:001 19 8925— 9024 | 900 | 90 

‘ a:r’100:102 9 53 49 — 54 6 | 6858 53 59 
q:q 011:011 12 6334— 6849 | 6840 63 42 
e:q 001:011 | 24 5759— 5826 | 581¢ 58 9 
q:7 011:101 | 30 | 107 18 —107 41 10727 | 10726 
q:r 011:101 | 30 | 72 6—7253 | 7284 | — 
q:7’011:102 | 10 | 6438— 6454 | 6445 | 6444 
q:r’ 011: 102 11 | 115 0—11521 | 11514 115 16 
a@:q 100:011 | 14 | 89 48— 90 8 | 90 v 90 0 


' 
iq 
il 
: 
; 
' 
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Optical properties.—An optic axial figure can be seen through the 
faces of the form c{001}. The optic axial plane is (010) and the axis 
of c is the acute bisectrix ; the optic axial angle is small, the disper- 
sion is strong, v>p, and the double refraction is negative. 

aa’-Dibromocamphorsulphonanhydramide, C,,H,,0,NSBr,, is best 
prepared by adding an excess of bromine to a solution of cam- 
phorsulphonamide in acetic acid, and heating during several hours 
on the water-bath ; it can also be prepared in a similar manner from 
a-bromocamphorsulphonamide and from the two isomeric brom- 
anhydramides. 

It crystallises from acetic acid or spirit in long, silky needles. 
When reduced, it yields camphorsulphonanhydramide. As specimens 
prepared by different methods had the same rotatory power, it is 
probable that a single substance, not an isomorphous mixture, is 


produced. 


Constants.—M. p. 195°. [a|>°-7:2° (Solv.-acetone; c-5 grams 
per 100 c.c). 


Dibromocamphorsulphonanhydramide crystallises from acetone in 
transparent prisms. The following results were obtained in measur- 


ing the crystals. 


System.— Orthorhombic. 

Axial ratios.—a :b:¢c=1°8981 : 1: 1°8202 =1:0428 : 05494: 1. 

Forms present.—a{100}, c{001}, g{011}, g’{012}, {110}, o{111}, r{101}, 
r'{102}. The form o{111}, which is not shown in the figure, truncates 
the corners formed by the faces p q r. : 

Habit.— Usually prisms elongated along the 6 axis, but also tabular 
erystals in which the form a{100} predominates. 
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Number of so 
Angles observed. | 5) orvati hate Limits. Mean. | Calculated. 


a:r (100) :(101) 30 30° 1’— 46°29 46°12’ — 

e:r (001) :(101) 23 43 83— 44 2 43 48 43°48" 
r: (101) : (101) 14 92 5— 92 44 92 28 92 24 
a: 7’ (100) : (102) 35 64 8— 6437 64 24 64 23 
e:9’ (001): (102) 25 25 24— 25 51 25 37 25 37 
v's 7’ (102) : (102) 15 bl 4— 5124 5113 51 14 
r:1’ (101) : (102) 30 17 58 — 18 26 18 10 18 11 
a:e (100) :(001) 26 89 48 — 9011 90 0 90 0 
e:q (001): (011) 25 61 5— 6117 6112 61 13 
q:q (011): (011) 12 57 832 — 57 41 57 36 57 34 
cq (001) : (012) 27 42 10 — 42 25 42 18 ff 

q':¢ (012) : (012) 11 84 28 — 84 42 84 36 84 36 
q:q' (011) : (012) 14 18 47 — 18 59 18 54 18 55 
a@:p (100) : (110) 16 62 5— 6219 62 13 62 13 
p:p (110) : (110) . 55 81— 55 40 55 35 55 34 
p:p (110): (110) 5 124 16 —124 32 124 26 124 26 
a@:q (100) :(011) 4 89 55— 90 6 90 0 90 0 
a: (100) :(012) 4 89 59— 90 8 90 0 90 0 
zp (001) : (110) 4 90 0— 90 1 90 0 90 0 
p:o (110) :(111) 1 25°56’ 25 56 25 55 
¢:0 (001) :(111) 1 64 4 64 4 | * 64 5 
q:r (011) :(101) . 6 69°30’— 69°40’ 69 35 69 40 
q:p (011) :(110) 4 39 12 — 39 21 39 15 39 10 
p:r (110): (101) 4 71 7— 7115 7111 . 7110 
#’:q (102) :(011) 4 64 10— 6415 64 13 64 16 
q:0 (011):(111) 2 54 52— 54 56 54 54 54 51 
0:9 (111) :(102) 2 60 54 — 60 59 60 56 60 53 
p:q (110) : (012) 4 53 23 — 58 27 53 25 53 27 
r’: q’ (102) : (012) 4 48 6— 4817 48 11 48 10 
or’: p (102) : (110) 4 78 19 — 78 30 78 24 78 23 
q’:r (012) : (101) 2 57 44 — 57 46 57 45 57 44 
0:4 (110) : (012) 2 30 44— 30 51 30 48 30 49 
o:r (111):(101) 2 91 34 — 91 37 91 36 91 37 
0:9’ (111) :(102) 1 77°85’ 77 35 77 42 
o: 7’ (111) : (102) 1 102 23 102 23 102 18 


Optical properties.—An optic axial figure can be seen through the 
faces of the form a{100}. The optic axial plane is (010) and the axis 
of a is the acute bisectrix; the optic axial angle is large, the dis- 
persion small, and the double refraction positive. 

aa’-Chlorobromocamphorsulphonanhydramides were prepared by the 
action of bromine on a-chlorocamphorsulphonamide and of chlorine 
on a-bromocamphorsulphonamide. The product obtained by the former 
method separated in crystals from the acetic acid used as solvent in 
the bromination process, and when recrystallised from acetic acid was 
obtained in long, silky needles, which melted at 172°; [a] +7°8° 
(Solv.—acetone ; c -5 grams per 100 c.c.). After it had been reerys- 
tallised seven times, the melting point rose to 173°, [a]p falling to 
+4°3°, and after thirteen crystallisations the melting point was 174°, 
[la}p +2°4°. 

The product obtained by the action of chlorine on a-bromocamphor- 
sulphonamide crystallised well from the acetic acid, and when recrys- 
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tallised from acetic acid was obtained in white needles, which melted 
at 192°, the value of [a] being —38°3°; after six crystallisations, 
the melting point was 194°, and [a], — 42°2°. 

It will be noticed that the products obtained in the two ways differ 
very considerably in their properties, and to a far greater extent than 
is observed in the case of the corresponding chlorobromocamphors. 
This may be accounted for on the assumption that as the anhydramides 
no longer contain the CO group, they are less liable to undergo 
stereoisomeric change than are the compounds in which this group is 
present. On this assumption, the product in each case consists mainly 
of the compound formed by direct substitution. , A similar explanation 
may be given of the stability of the isomeric bromocamphorsulphon- 
anhydramides. 

The following results were obtained on measuring crystals of the 
bromochloranhydramide prepared by the action of bromine on 
a-chlorocamphorsulphonamide : 


System.—Orthorhombic. 

Axial ratios.—a :b:¢=1-9014: 1: 1:8369 =1:0351 :0°5444: 1. 

Forms present.—a{100}, c{001}, 7{101}, {102}, g{011}, g’{012}, p{110}. 

Habit.—From acetone prisms elongated along the 6 axis or stout 
tablets in which a{100} is the dominant form. 


| | 
Angles observed. | B wrt dl | Limits. Mean. | Calculated. 
| | 
| 
@:r100:101 | 4 45°49’—46° 1’ 45°58’ 45°59’ 
a:7’ 100:102 21 64 1—64 30 64 13 64 13 
e:7001:102 *{ 20 25 36 —25 37 25 47 ~ 
r:7 101:102 5 17 55 —18 41 | 1811 18 14 
q:g O11: 011 11 57 85721 | 5718 57° 8 
Cs q 001 : 012 26 42 17 —42 55 42 34 — 
qi 011: 012 22 | 1896-19 1 18 48 18 52 
@:p100:110 | 18 62 5—62 29 62 16 62 16 
p:p110:110 | 9 55 21 —55 37 55 29 55 29 
| 
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Optical properties.—An optic axial figure can be seen through the 
form a{100}, the acute bisectrix being parallel to the axis of a, and 
the optic axial plane perpendicular to the axis of 5. The optic axial 
angle is very large, and the dispersion is too slight to be noticeable. 
The double refraction is positive in sign. 

The results obtained on measuring crystals of the isomeric chloro- 
bromanhydramide prepared by the action of chlorine on a-bromocamphor- 
sulphonamide were as follows : 


System.—Orthorhombic. 

Axial ratios.—a : b: c= 1+8873 : 1 : 1:8099 = 10506 : 05521: 1. 
Forms present.—a{100}, c{001}, 7’{102}, p{110}, {011}, g’{012}. 
Habit.—From acetone brilliant prisms, elongated along the axis of 5. 


=> 
ica 2 


Angles observed. ic ceed | Limits. Mean. Calculated. 
a:7’100:102 26 64°12’—64°31’ 64°22’ — 
e:7' 001: 102 22 25 26 —25 48 25 38 25°38’ 
q:q 011: 011 3 | 5749—58 2 57 54 57 48 
c:q 001:012 12 | 42 1—4214 42 6 4210 
q:q'011:012 9 18 45—19 0 18 54 18 56 
a:p 100:110 21 61 55 —62 30 62 6 — 
p:p 110:110 12 55 88 —55 57 55 50 55 50 


Optical properties.—An optic axis can be seen emerging through the 
faces of the form r’{102}, the optic axial plane being perpendicular to 
the axis of 6. The optic axial angle is very large, and a complete 
optic axial figure was not observed ; the position of the acute bisectrix 
and the sign of the double refraction were therefore not determined. 
The optic axial dispersion is very slight. 

The properties of the four disubstituted anhydramides are summar- 
ised in the following table, a pair of values indicating the effects of 
fractional recrystallisation : 
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s Anhydramide. M. p. | [a] (Acetone). Axial ratios. 
Dibromo- ............... 195° -7°2° 1°8981 : 1 : 1°8202 
Chlorinated bromo- ...| 192° to 194° —38°3° to —42°2°| 1°8873:1:1°8090 
Brominated chloro- ...| 172 to 174 +7°8° to +2°4° 1°9014 : 1: 1°8369 
oe 172 to 176 | +6° 1°1096 : 1 : 1°6097 


It will be seen that the chlorination product melts at about the 
same temperature as the dibromanhydramide, whilst the bromination 
product resembles the dichloranhydramide. The rotatory powers of the 
chlorobromanhydramides lie outside the limits of the dichlor- and 
dibrom-anhydramides, an effect which may be ascribed to the asymmetry 
of the a-carbon atom when linked to two different radicles. The 
crystallographic data are somewhat striking: the first three members 
form a very close isomorphous series, the axial ratios of the dibrom- 
being intermediate between those of the chlorobrom-anhydramides, but 
the constants of the dichloranhydramide belong to an altogether 
different series, approaching somewhat to the monochlor- and mono- 
brom-anhydramides. It is not improbable that in this case we are dealing 
with an isodimorphous series, 


CXLIII.—Studies of the Terpenesand Allied Compounds. 
The Sulphonation of Camphor. II. 8-Bromo- 


camyphor and its Derivatives. B-Bromocamphoric 
Acid. 


By Henry E. Armstrone and T, Martin Lowry. 


In seeking to determine the constitution of the Reychler camphor- 
sulphonic acid and of the other acids described in the previous 
communication, we naturally availed ourselves of the method used with 
such brilliant success in our laboratory by Kipping and Pope, which 
led them to discover the z-series of derivatives of camphor. It was to 
be expected that if the Reychler acid were an a-derivative, its sulpho- 
chloride and sulphobromide would be decomposed by heat and give rise 
to ordinary a-chloro- and a-bromo-camphor respectively. The earlier 
experiments made from this point of view were unsatisfactory, and 
later experiments have shown that the decomposition takes place in a 
normal manner only under certain conditions. 

No difficulty was experienced in preparing a dibromocamphor from 
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the bromide of the a-bromocamphorsulphonic acid prepared by 
Reychler’s method (p. 1451); the compound so produced, however, 
was not the ordinary a-derivative but the 8-compound which was first 
prepared by Swarts and subsequently investigated by Kachler and 
Spitzer. 

Kachler and Spitzer had found that the B-compound gave rise to a 
dibromonitrocamphor when nitrated, so that there could be little 
doubt that only one of its bromine atoms was present in the a-position ; 
but as Swarts had shown that a-dibromocamphor was converted into 
the isomeride by merely heating it with hydrogen bromide, it was not 
improbable that the somewhat drastic treatment to which the sulpho- 
bromide was subjected had led to the transfer of a bromine atom, and 
the production of 8-dibromocamphor in such a manner could not be 
regarded as final proof that the sulphonic group was not in the 
a-position. 

As the constitution of 8-dibromocamphor had not been determined, 
we undertook the further investigation of this compound, and succeeded 
in obtaining from it a B-bromocamphoric acid isomeric with the w-acid 
investigated by Wreden, in which bromine displaces the tertiary hydro- 
gen atom in camphor, and also with the isomeric 7-acid discovered by 
Kipping, in which bromine displaces hydrogen in one of the median 
methyl groups. The discovery led us to persevere in the attempt 
to prepare B-bromocamphor from the Reychler acid, and it was soon 
found that a “normal” decomposition of the sulphobromide could be 
effected by heating it rapidly, in quantities of 10 grams at a time, in 
test-tubes over the bare flame, but that if heated slowly it gave rise 
only to “ condensation” compounds. Thus 30 grams of sulphobromide 
decomposed with great care by simply heating it under reduced 
pressure at 130°, gave no trace of bromocamphor. The amount formed, 
however, was small under all conditions. The bromocamphor obtained 
from the sulphobromide melted at about the same temperature as the 
ordinary compound, but a mixed melting point at once revealed a 
difference, a mixture of the two substances melting below 70° instead 
of at 76°; as it gave B-bromocamphoric acid on oxidation, there was 
no doubt that the new product was the hitherto unknown f-bromo- 
camphor. A great improvement in the method of preparing this 
8-compound was ultimately effected by carrying out the decomposition 
of the sulphobromide in a solvent. 

The discovery of 8-bromocamphor must be credited, however, not 
only to us, but also to Dr. Forster, who obtained it by the direct action 
of bromine on the compound which he originally described as hydroxy- 
camphene (compare Proc., 1901, 17, 245). Although his method is a 
more tedious one than ours, and gives a smaller yield, it has the 
advantage of being applicable to the preparation of #-chlorocamphor, 
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which we have not yet succeeded in preparing from camphorsulpho- 
chloride. 


B-Bromocamphor(n. sp.).—In preparing this substance, the formation 
of condensation products can be very largely avoided by carrying out the 
decomposition of camphor sulphobromide in a solvent of high boiling 
point, especially if a large quantity of solvent be used. Commercial 
xylene has proved to be an eminently suitable liquid, as its boiling 
point (137°) is just above the temperature (130°) at which the 
decomposition takes place, and it may readily be separated by means 
of steam. ‘The following method allows of the preparation of B-bromo- 
camphor in quantities of 50 grams at a time and with relatively little 
trouble ; the operation lasts two days, but it is not difficult to obtain 
about 50 grams of product each day. Four quantities of 40 grams 
of dry potassium camphorsulphonate are each ground in a mortar with 
63 grams of phosphorus pentabromide; the liquid is left until it 
becomes a firm solid. Finely divided ice is then carefully added, 
together with a little sulphite to remove bromine ; the white, powdery 
sulphobromide is ultimately drained on the filter-pump and then 
dissolved in xylene. The xylene, of which about 500 grams are 
required for 160 grams of potassium salt, is separated from water and 
the solution is left overnight in contact with calcium chloride. To 
effect the decomposition, the dry solution is boiled in a Jena flask over 
a small flame during about 20 minutes, and the hydrocarbon is then 
distilled off by passing a current of steam into the liquid. The xylene 
distils off very rapidly and is carried over with about its own weight 
of water; when most of the xylene has been removed, the rate of 
distillation is somewhat checked in order that the solid bromocamphor 
may be held back in the condenser, whilst a certain amount of xylene 
is still carried forward by the water. When the whole of the xylene 
has been removed, the receiver is changed and the distillation carried 
out rapidly; 1 gram of bromocamphor is carried over by about 50 
grams of water, The yield of 8-bromocamphor is usually about one- 
third of the weight of potassium salt used or about 40 per cent. of 
the theoretical quantity ; under the conditions described, the weight 
of non-voiatile condensation product is only about 20 per cent. of the 
weight of 8-bromocamphor produced. Loss of material occurs almost 
entirely in preparing and handling the very unstable sulphobromide ; 
probably the weight of sulphobromide in the dried xylene solution is 
only 50 per cent. of the theoretical quantity, and of this 80 per-cent. 
is converted into 8-bromocamphor and 20 per cent. into condensation 
products. A smaller yield is obtained on the first occasion, as some 
10 or 20 grams of bromocamphor are carried over with the xylene, but 
the full yield is obtained in subsequent experiments if the xylene be 
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used repeatedly. The properties of @-bromocamphor are in some 
respects very like those of the a-compound. Its melting point is only 
two degrees higher than that of the isomeride, but it has a much 
lower rotatory power. Bromine converts it into a8-dibromocamphor. 


Constants.—M. p. 78°. [ai +19:2° (Solv. — acetone ; c— 3°33 grams 
per 100 c.c.). 


We are indebted to Dr. Perkin, sen., for determinations of the 
magnetic rotatory power and refractive power. 

Magnetic rotatory power.—The substance was dissolved in ethylene 
chloride ; the solution contained 43°75 per cent. of the bromocamphor 
and its composition may be represented by the formula 

C,,H,,OBr + 3C,H,Cl,. 

Relative density of solution: d 15°/15°, 1°3082; d 25°/25°, 1:2984. 
The relative density of a similar solution of a-bromocamphor was 
d 15°/15°, 12993, or 0°0089 less (this vol., 310). 

Magnetic rotation (twice determined) : 

t Sp. rot. Mol. rot. 
15°3° 1:2887 28°903 
Less 3 mol. C,H,Cl, 16°455 


Mol. rot. C,,H,,OBr 12-448 


This value is lower than that of a-bromocamphor, which is 12-761, 
the difference amounting to —0°313. A similar kind of difference 
was found to exist between aa- and af-dibromocamphor, although in 
this case the difference only amounted to about 0°100 (this vol., 
311). 

Refractive power.—This was determined with the aid of the solution 
in ethylene chioride. 


p-Bromocamphor. a-Bromocamphor. Diff. 
Beg cernscosocedece 87°756 88-083 0°327 
Fg ccc ccccsevecves 89-480 89-872 0°391 
ey, aveawceteewnaed 90°517 90°919 0°398 


In both cases, the B-compound gives the inferior values; the 
superiority of the a-compound may be ascribed to the cooperative 
influence exercised by the bromine atom and the ketonic group in 
contiguity. 


B-Bromocamphor separates from light petroleum in well-formed 
crystals, of which the following measurements were made : 
VOL, LXXXI. 5 F 
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System.—Orthorhombic. 
Axial ratios.—a : b:c=1:062: 1: 0°822. 
Forms present.—a{100}, {010}, p{110}, r{101}. The form p{101} is 
always small and frequently absent. . 


a p |b 


eedtee eee ieee heiete ott 


’ r 


Habit.—Stout prisms, elongated along the axis of 6, and often 
flattened into plates in which a{100} is the dominant form. 


Angles observed. N umber of. Limits. Mean. Calculated. 
observations. 

a@:r (100) :(101) 18 56°37’— 52° 1’ 51°49’ ~- 
r:7 (101): (101) 10 7613— 76 32 76 23 76°22’ 
a:b (100): (010) 14 89 50 — 9015 90 0 90 0 
@:p (100):(110) 11 46 34— 46 55 46 43 46 44 
p:6 (110) : (010) 11 43 6— 43 26 43 16 —_ 
b:r (010) : (101) 4 89 56— 90 7, 90 0 90 0 
p:7r (110): (101) 2 64 50 — 64 57 64 53 64 42 
p:7 (110) : (101) 2 114 58 —115 °0 114 59 115 18 


Optical properties.—An optic axis emerges almost perpendicularly to 
the faces of the form r{101} ; the optic axial plane is therefore parallel 
to the form 5{010}, the acuté bisectrix is parallel to the c axis, and the 
optic axial angle is about 76°. The double refraction is positive 
in sign. 

The crystalline symmetry of 8-bromocamphor is intermediate be- 
tween that of its isomerides; thus +-bromocamphor crystallises in 
forms belonging to the tetragonal system, B-bromocamphor is ortho. 
rhombic, and a-bromocamphor is monosymmetric. 


aB-Dibromo-a’-nitrocamphor.—As Kachler and Spitzer have shown, 
this compound is the chief product obtained on heating af-dibromo- 
camphor with nitric acid. The substance we prepared in this manner 
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. crystallised from acetic acid in brilliant, transparent needles or prisms, 
but it was necessary to recrystallise it eight times from acetic acid to 
free it from admixed tribromocamphor, and to raise the melting point 
to that given by Kachler and Spitzer (129°). 

A very considerable amount of dibromonitrocamphor—apparently 
unmixed with tribromocamphor—is obtained on oxidising -bromo- 
camphor with nitric acid. In this case, the liberation of the necessary 
bromine must be due to the oxidation of the bromocamphor beyond 
the bromocamphoric acid stage. 


Constants.—[ aj)” — 25-7° (Solv. — acetone ; c — 4°74 grams per 100 c.c.). 


aa B-Tribromocamphor.—This substance was.separated from the im- 
pure once-crystallised dibromonitrocamphor above referred to by reduc- 
ing the nitro-compound with absolute alcohol and the calculated 
amount of caustic potash. It remained as an insoluble residue, which 
was easily purified by recrystallisation from dilute spirit, from which 
it separated in long, white needles. The compound prepared by 
Swarts, by heating a8-dibromocamphor with phosphorus pentabromide, 
was doubtless this substance. To judge from the evidence afforded by 
a mixed melting point, it is isomorphous with the dibromochlorocam- 
phors obtained on brominating a-chlorocamphor. (Lowry, Trans., 1898, 
73, 731). 


Constants.—M. p. 66°. [a]} +2° (Solv. -—acetone ; c— 2°42 grams 
per 100 c.c.). 


B-Bromocamphoric Acid, C,H,,Br(CO,H), (n. sp.).—This acid is ob- 
tained on oxidising either B-bromo- or af-dibromo-camphor with nitric 
acid (d. 1°4). On evaporating the acid, it separates as a crystalline 
powder, indistinguishable in appearance from camphoric acid. 

B-Bromocamphoric acid dissolves much more readily in nitric acid 
than in water, in which it is only slightly soluble ; it does not crystal- 
lise well from organic solvents. The acid may be freed from neutral 
impurities, either by washing the crude substance with chloroform, or 
by dissolving it in dilute ammonia and precipitating with nitric acid. 
When heated, it softens at about 205° and melts at 208—210°, 
liberating gas. In its physical properties, the acid and its anhydride 
present a remarkably close resemblance to 7-bromocamphoric acid, but 
the two acids differ considerably in chemical properties. A solution of 
the ammonium salt is not precipitated by calcium chloride. A number 
of attempts were made to convert the acid into a camphanic or hydroxy- 
camphoric acid by heating its alkaline solution, but in fo case was 
a product free from halogen obtained ; the bromine atom appears to be 
far less readily displaced than is that in 7-bromocamphoric acid, 
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Constants.—[a ]}” +39°3° (Solv. —aleohol ; c—5 grams per 100 c.c.) 

B-Bromocamphoric Anhydride (n. sp.).—This may be prepared by 
boiling a solution of the acid in acetic anhydride during two or three 
minutes ; it crystallises magnificently from hot dilute acetone in long, 
glistening, flat needles. The anhydride has no acid action, and does 
not dissolve in a solution of sodium carbonate even when this is 
boiled for a few seconds. 


Constants.—M. p. 142°. [a]f -2°8° (Solv. - acetone; c—5 grams 


per 100 c.c.). 
a-Bromocamphoric anhydride [a] —37°4° (Solv. —acetone ; ¢ - 43 


* grams per 100 c.c.). 


Monomethyl Bromocamphorate.—Hydrogen chloride was passed into 
a solution of the acid in methyl alcohol, and the liquid was then allowed 
to evaporate ; a stiff and sticky mass remained which was redissolved 
in methyl alcohol. The salt separated slowly in a crystalline form as 
the liquid evaporated. It was recrystallised twice from dilute methyl 
alcohol, and was then obtained in glistening, white flakes. 


Constants.—M. p. 140°. [a]) +53°6° (Solv.—acetone ; c — 4°79 grams 
per 100 c.c.). 


isoCamphoronic Acid.—This acid was obtained on boiling #-bromo- 
camphor with nitric acid and silver nitrate until silver bromide 
was no longer produced ; as we have not been able to prepare it by 
oxidising B-bromocamphoric acid in a similar way, it is probable 
that the latter acid is not the intermediate product of oxidation 
when silver nitrate is used. Our product formed beautiful, trans- 
parent prisms melting at 166°. The identity of the acid from bromo- 
camphor with isocamphoronic acid was directly proved by a com- 
parison of the angular measurements with the values given by 
Zepharovich (Wien. Akad. Ber., 1876, 73, i, 19) : 
Zepharovich. * A. and L. 
011:100 75°25’ 75°25’ 
011: 100 74°57’ 74°56’ 
011:100 67°6' 67°11 
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CXLIV.—Studies of the Terpenes and Allied Compounds. 
The Sulphonation of Camphor. III. The Optical 
Inversion of Camphor and the Mechanism of 
Hetero- and Meso- sulphonation, of Homo- and 
Hetero-bromination, and of Dehydration. 


By Henry E. Armstrone and Martin T. Lowry. 


THE formation of isocamphoronic acid, CH,X-CH(CMe,X)-CH,X 
(X=CO,H), on oxidising B-bromocamphor, would appear to be 
almost conclusive proof that the bromine atom is not present in a methyl 
group; consequently, of the two formule which, as Forster has 
pointed out (this vol., 267), account for the conversion of B-bromo- 
camphor into campholenic acid by the action of alcoholic potash, that 
which he preferred is to be regarded as highly probable, namely : 


CH,—CH—CH, 
CMe, - 
CH Br-CMe—CO 


It is improbable that both of the “pentaphane” rings (Armstrong, 
Proc., 1890, 6, 227) in B-bromocamphor would be broken if the bromine 
were present in a methyl group—especially in view of the results 
obtained by Kipping on oxidising the z-derivative. 


Until proof to the contrary be given, it may therefore be assumed 
that, of the three series of derivatives of camphor now known : 


the a- or homo-ketonic series is that in which hydrogen is displaced in © 
the methylene group next the CO group ; 

the B- or hetero-ketonic series, that in which hydrogen is displaced in 
the methylene group next the “ mono-methylated ” carbon atom ; 

and the z-or meso-series, that in which hydrogen is displaced in one 
of the median methyl groups. 


There can be little doubt that the Reychler sulphonic acid belongs 
to the B- or hetero-ketonic series ; were it an a-compound, it can 
scarcely be doubted that it would yield some camphoric acid on 
oxidation. 

The manner in which, the B- and z-derivatives are formed merits 
special consideration. 

As we have previously remarked, the ketonic group is probably in 
all cases the ‘‘centre of attraction,” the point of departure of all 
changes. The formation of the homo-ketonic a-derivatives—alpha- 
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bromination, for example—may be pictured as taking place in the 
following manner : 


H, CH, CH CHBr 
Be ins = 
Xo >  Oo-Br, GoBr ~ © 


In discussing the conversion of aa’-dibromocamphor into af-dibromo- 
camphor, and similar changes, under the influence of hydrogen bromide 
(Swarts), it is important to take into account the evidence recently 
brought forward by Forster favouring the conclusion that the carbon 
atoms in camphor are so situated that a trimethylene ring or triphane 
is easily formed by the union of the two carbon atoms on either side of 
the monomethylated carbon atom in camphor. 

The introduction of the bromine into the B-position, in fact, may be 
pictured as involving the following changes in the CH-CHMe:CO group: 


CH,-CMe-C(OH)Br —> OMe en 
OMe<jen + Br, —> CHBrCMeCO + HBr. 


-A similar explanation may be given of the formation of the 
B-sulphonic acid. The sulphonating agent is apparently an acetyl- 
sulphuric acid which on combining with the ketonic group would 
give rise to a compound containing the group 

CH,"CMe-C(OAc)(0-S0,H), 
convertible by loss of sulphuric acid into the triphane derivative: 


C-OAc 
CM . 
ne 


By a reversible process, the latter might pass over into the f-acid, 
becoming first CH(SO,H)*CMe-C(OAc), and then CH(SO,H)-CMe-CO. 

In undergoing conversion into af-dibromocamphor, aa’-dibromo- 
camphor must obviously be reduced by the hydrogen bromide at some 
stage in the process and the CBr, group converted into the CHBr 
group of a-bromocamphor ; the change may be pictured as taking place 
“-in the following manner : 


Br, CBr, CBr, H er 
8 +HBr —> ((OH)Br ((oH)Br * Br —p 0 + Br, + HBr. 
Whether this change occurs initally or whether—and to what 
extent—tribromination precedes reduction is open to question, but 
the latter is perhaps the more probable, inasmuch as camphor cannot 
be directly tribrominated in any complete manner although tribromo- 
camphor is readily formed as a bye-product on oxidising af-dibromo- 
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camphor with nitric acid, and a-chlorocamphor is convertible into a 
mixture of stereoisomeric Baa’-chlorodibromocamphors. 

The process of z-sulphonation must involve the -opening of one of 
the rings at an early stage. If the rupture occur between the two 
methylated carbon atoms, everything is accounted for—including the 
optical inversion to which Kipping and Pope have directed attention 
as being so remarkable, and which, it is to be remembered, also 
takes place to a slight extent when bromocamphor is sulphonated 
(Kipping, Trans., 1901, '79, 370). That such a rupture actually takes 
place, under certain conditions, follows necessarily from Bredt’s proof 
(Annalen, 1901, 314, 369) that one of the products of the action of 
sulphuric acid on camphor is carvenone, which he regards as formed 
from dihydrocarvone : 


HMe, MeO-CH, 
CH,-C——-CH CH,-CH—CH, 
CH,*CHMe-CO CH,*CHMe-CO 

Carvenone. . Dihydrocarvone. 


The production of the latter compound is proof, not only that the 
ring is broken, but also that one of the methyls is attacked. This 
might well happen if, in the first instance, the ketonic group were to 
combine with sulphuric acid, and then, by a reversal of the process, 
acid were to separate in such a manner that an atom of hydrogen 
would be withdrawn from the contiguous methyl group, giving rise 
momentarily to a compound containing the group represented by the 
formula : 


| I 
CH,‘C-CH, CH, 


VY . 
CMe——C-0H 
ae 


Owing to the presence of two unsaturated carbon atoms, the 
molecule thus produced would be subjected to strains in two directions, 
both of which would tend—as shown by the arrows—to weaken the 
hold upon each other of the two methylated carbon atoms, and there- 
fore might well cause their separation, directly giving rise to the 
dihydrocarvone postulated by Bredt. By combination with sulphuric 
acid, a compound might then be formed which, on being deprived of 
the elements of a molecule of water, would, by a reversal of the 
process, give rise to camphorsulphonic acid. 

The process may be represented by the following scheme: 


H,C—CH—CH, MeC:CH, 
MeCMe | = oH,cCH—CH, = 
H,C-——OMe—CO OH,*CHMe-0O 
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OH 
Me(-CH,SO,H _» H,C—OH CH, 
CH,: -CH— CH, - | MeC-CH sone 1% 
OH,-CHMe-CO H,C-——CMe 


But an acid thus produced would be optically active like camphor. 
To account for the racemisation, it is necessary to postulate the 
occurrence of changes affecting both the asymmetric carbon atoms in 
camphor. 

The asymmetry .of the carbon atom next the ketonic group might 
readily be reversed in sign by “ enolisation,” owing to the presence of 
the hydrogen introduced in breaking the ring; but the “reversed ” 
compound could not take part in the re-formation of camphorsulphonic 
acid. On this account, and because the product of sulphonation is 
mainly racemic, it is necessary to suppose that a further change takes 
place involving the reversal of the asymmetry of the second carbon atom. 
This may be accounted for by supposing that, under the influence of 
the acid, dihydroeucarvone—or, more probably, the isodynamic dihydro- 
eucarvenol—is produced, and that equilibrium is established, not only 
between this compound and dihydrocarvone, but also with camphor, as 
shown in the following scheme : 


ant y CH, Mo je Me Fas 
v ¢-0°S0,H 
C)H H C 

—" => Pt =? Q Fad J 
ad+l, F ‘ Y 

H.C CH, H,¢ CH, H.C he 

H,C CO H,C CO H,C ‘OH 
ea \Z 
C)HMe C)HMe CMe 
(d+7.) (d+1.) (Inactive.) . - 


Both the forms of dihydrocarvone required to give the two forms of 
camphor would then be present. 

In justification of this argument, Butlerow’s experiments (Annalen, 
1877, 189, 44) on the oxidation of isodibutylene may be quoted, in 
which it was shown that under the influence of sulphuric acid iso- 
dibutylene is converted into an isomeride, an equilibrium being estab- 
lished between the two compounds, so that products of oxidation are 
obtained which are derived, not,merely from the hydrocarbon taken, 
but also from an isomeride. And not only was this the case, but evidence 
was also obtained of the presence of two alcohols in equilibrium 
with the hydrocarbons : 
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CH, /CH,OH CH, ,CH, CH, CH, CH 
dF if ae cnr ers 
OH Br — GOH 
CH, nail be CH, = fe 
OMe, éMe, OMe, Me, 


Leading, as it does, to a highly racemised product, the sulphonation 
of camphor must therefore be regarded as a process involving a com- 
plex series of changes in which equilibrium is established between no 
less than three isomeric ketones, and the proportion of dihydroeucar- 
vone present must be the determining factor in regulating the extent 
to which racemisation takes place. It is of interest to note to 
how great an extent the presence of bromine in the a-position deter- 
mines the equilibrium in one direction, so that scarcely any racemisa- 
tion is effected when bromocamphor is sulphonated. 

The formation of acetyl-o-xylene (together with carvenone) by the 
action of sulphuric acid on camphor (Armstrong and Kipping) may 
almost be regarded as proof that the rupture of the median ring is 
accomplished through the intervention of the ketonic group. Whilst 
we did not think it necessary to postulate the formation of a direct 
linkage between the ketonic carbon and a median methyl, such a 
linkage must evidently arise if the transference of a methyl group 
from the one position to the other is to be explained. The following 
scheme may serve in a measure to indicate the course of change : 


COMe 
H,c——CH——CH, H,C——CH—CH, CH 
Puss | “Ny 
| MeO. MeC-OH H.C OH, 
On, | HO OMe(OH) 
H,U——CMe—C-O0H H,0C——OMe—UMe(OH) © *\_/ 
CHMe 


It is well known that by the action of “dehydrating” agents on 
camphor, a variety of benzenes are formed (compare Armstrong and 
Miller, Ber., 1883, 16, 2255), and that when care is taken to carry outthe 
decomposition at as low a temperature as possible, the products appear 
to be practically all C,, derivatives—of which four are formed: 
cymene, metacymene, | : 2; 4-dimethylethylbenzene, and 1:2:3:5- 
tetramethylbenzene ; higher and lower benzenes are only formed when 
the conditions are such as to favour the occurrence of secondary 
changes. It is therefore probable that the transference of methyl 
groups involved in the production of several of the hydrocarbons may 
be conditioned by reversible intramolecular changes such as are con- 
templated above, rather than by a succession of analytic and synthetic 
operations of the type determined by aluminium chloride, for example, 
VOL. LXXXI. 5G 
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The production of metacymene by means of phosphorus pentasul- 
phide and of zinc chloride may be accounted for if it be supposed that 
a triphane ring is first formed by the interaction of the ketonic group 
and the (ortho) methyl group attached to the contiguous carbon atom ; 
and that this ring is subsequently broken in such a manner that 
methyl becomes attached to the carbon atom of the ketonic group, meta 
to the propyl group formed by scission of the linkage across the hexa- 
phane system. This argument is equally applicable in explanation of 
the oxidation of the ortho-methyl group which is involved in the 
formation of ketopinic acid from chlorocamphane (turpentine hydri- 
chloride), and of camphoic acid from camphene. 

To explain the formation of tetramethylbenzene, one of the chief 
products of the action of iodine, and which is also formed by the 
action of zine chloride and of phosphorus pentasulphide on 
camphor, it is necessary to suppose that both the meso-methyls 
may be brought into connection with the hexaphane system. 
Assuming that one of the methyls were transferred to the “ keto- 
position” in the manner shown above, in discussing the formation of 
acetyl-o-xylene, a compound would be formed from which the ele- 
ments of a molecule of water might be withdrawn in two ways: either 


in such a way as to give rise to the formation of the group CH,:C 


from the median -C-OH group, or in such a way as to involve the 


coupling of the ketonic group with the B-carbon atom. If, in either case, 
the change were to be reversed, hydroxy-compounds would be formed 
(either z’ or 8), which would give rise, if deprived of the elements of 
water, to a (z'8)-tetraphane derivative, corresponding to the 7$-com- 
pound formulated on page 1473. If the tetraphane ring thus formed 
were subsequently broken, so as to sever the connection between the 
median carbon atom of camphor and that which had previously been 
associated with it in the form of methyl, the methyl group would be 
transferred to the B-position ; three methyl groups would then be con- 
tiguous. 

The production of benzenes from camphor in the manner contem- 
plated involves the withdrawal of hydrogen at some stage in the pro- 
cess ; it is unnecessary to discuss the manner in which this may take 
place, but it may be pointed out that, however carefully the operation 
be conducted, a large proportion of resinous matter is always formed, 
and it may be that the withdrawal of hydrogen is in some way con- 
nected with the formation of this; it is noteworthy that even zinc 
chloride gives rise to the production of a not inconsiderable amount of 
the saturated hydrocarbon, C,,H,). 

Lastly, it is of interest to note, as a further illustration of the influ- 
ence of bromine as a depressant of activity, that bromocamphor does 
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not give rise to hydrocarbons under the influence of dehydrating 
agents, 


We are inclined to think that the views advanced in this communi- 
cation may be of some value in arriving at the synthesis of camphor 
and that the recognition of reversible changes as playing a part in 
the formation of camphor and terpene derivatives generally may be 
of importance. 

CuEmicaL DEPARTMENT, 


City AND GuILDs oF LonpDoN INSTITUTE, 
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CXLV.—The Action of Nitric Acid on Bromophenolic 
Compounds. 


By Witu1am Rosertson, A.R.C.S. 


In the course of the work on 2: 6-dibromo-4-nitrosophenol (Forster 
and Robertson, Trans., 1901, 79, 686), attention was drawn to the 
simultaneous replacement of bromine by nitroxyl and oxidation of 
the nitroso-derivative to bromodinitrophenol by means of nitric acid. 
It seemed desirable to determine, if possible, the conditions under 
which the bromine was liberated from benzenoid substances, as, 
although observations had been made, no extensive study of this 
subject had been undertaken. It is known that when tribromophenol 
is gently heated with nitric acid, the bromine atom in the para-position 
is first replaced and subsequently that in the ortho-position. If, how- 
ever, 2: 6-dibromo-4-acetylaminophenol be treated with nitric acid, 
the operation must be carried out in an acetic acid solution and close 
to its freezing point, 2-bromo-6-nitro-4-acetylaminophenol being obtained. 
The presence of the acetylamino-group in the para-position relatively 
to the hydroxyl causes the bromine to be very easily replaced. 
Armstrong and Lewis have shown (Proc., 1900, 16, 157) that benzoyl 
exerts a very remarkable inhibiting effect on certain reactions with 
phenols. The corresponding benzoylamino-compound was therefore 
prepared and nitrated, but the action of the nitric acid was found to 
be only very slightly slower than with the dibromoacetylaminophenol, 
2-bromo-6-nitro-4-benzoylaminophenol being the resulting product. 
Auwers has pointed out (Ser., 1902, 35, 457) that 2:6-dibromo- 
4-methylnitro-1-ketodihydrobenzene in contact with water passes into 
3-bromo-5-nitro-p-cresol, that is, the nitro-group appears to wander 
5 G2 
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into the meta-position, replacing the bromine atom. Now in the case 
of dibromoacetylaminophenol, the replaceable bromine occupies the 
meta-position relatively to the acetylamino-group, and it might be 
supposed, arguing from Auwers’ work, that the first substance formed 
would be a nitroketone which would immediately change into the 
benzenoid compound thus : 


AN 
NHAc NHAc NO, 


Orton (this vol., 490, 806), in nitrating s-trihalogen anilines, found 
that bromine in the para-position, but never in the ortho-position, 
was replaced by a nitro-group, and that the nitroamine which could 
be isolated as an intermediate compound yields the same product 
on standing in an acetic acid solution containing a drop of sulphuric 
acid as was obtained in the direct nitration. As Orton points 
out, it is not necessarily correct to assume that the nitroamines occur 
as intermediate products, and, as in the case of phenols, there is no 
experimental evidence in favour of the view that nitrates are formed, 
the nitric acid would appear to act directly on the quinonoid tauto- 
meric form. 

If the hydrogen of the hydroxyl were replaced by other groupings, 
it might be supposed therefore that no liberation of bromine would 
occur, or at all events that the action would be much slower. 
Accordingly, the acetyl derivatives of tribromophenol and 2: 6-di- 
bromo-4-nitrophenol, 2:4:6-tribromoanisole, 2 :6-dibromo-4-nitro- 
anisole, and 2 : 6-dibromo-4-anisidine, and its acetyl and benzoyl deriva- 
tives were prepared, and it is of interest that in no case when the ex- 
periments were carried out on these substances under similar conditions 
was replacement of bromine by nitroxyl observed. 

Inasmuch as 2:3:4:6-tetrabromo-5-nitrobenzoic acid can be 
prepared by the nitration of the bromo-acid (Meyer and Sudborough, 
Ber., 1894, 2'7, 1584), the conclusion that a quinonoid form is essential 
for the liberation of bromine is strengthened. The investigation was 
accordingly extended tothe hydroxybenzoic acids. When the dibromo- 
derivatives of salicylic and p-hydroxybenzoic acids are treated with 
nitric acid, the carboxyl group as well as a bromine atom is displaced, 
and in both cases 2-bromo-4 : 6-dinitrophenol results. When, however, 
tribromo-m-hydroxybenzoic acid is treated in the same way, two 
bromine atoms are replaced by the nitro-group, but the carboxyl group 
is not affected, and the resulting product in all probability is 2-bromo- 
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4 : 6-dinitro-3-hydroxybenzoic acid. The acetyl and methoxy-derivatives 
of the o- and p-hydroxy-acids behaved in the same way as the simple 
bromophenols. 


EXPERIMENTAL. 


p-Nitrosophenol, prepared according to the directions of Bridge 
(Annalen, 1893, 2'77, 85), was oxidised by nitric acid in the hope that 
the yield would be a much better one than is the case by the direct 
nitration of phenol. Baeyer and Caro used well cooled concentrated 
nitric acid to obtain the nitrophenol, but when the experiment was 
conducted at 0° with nitric acid of sp. gr. 1°42, I found 2: 4-dinitro- 
phenol to be the product. The method finally employed wasas follows : 
400 c.c. of dilute nitric acid (50 c.c. of acid of sp. gr. 1°42 to 150 e.c. 
of water) were heated to 40° and 50 grams of nitrosophenol gradually 
added in small portions. The reaction proceeded smoothly, and after 
all the nitrosophenol had been added, a dark red solution was formed 
which suddenly became a pasty mass of light brown needles. After 
one recrystallisation from water (with the aid of animal charcoal), the 
needles melted at 114° and were almost white. The yield of 
recrystallised product was 60 per cent. of the phenol taken, the yield 
by direct nitration of phenol amounting to 15 per cent at most. 


Derivatives of 2: 6-Dibromo-4-aminophenol. 


2 : 6-Dibromo-4-acetylaminophenol.—Fifty grams of p-nitrophenol 
were dissolved in glacial acetic acid and two molecular proportions of 
bromine added to the cold solution. There is considerable develop- 
ment of heat, the temperature rising to 45—60°. The whole was 
allowed to stand for 12 hours, poured into water, filtered, and washed. 
In this way, a theoretical yield of 2: 6-dibromo-4-nitrophenol (m. p. 142°) 
was obtained. The reduction of this compound to the corresponding 
amino-derivative was effected by tin and hydrochloric acid. The best 
yield is obtained by using only a very small quantity of hydrochloric 
acid, as in excess of that reagent the stannochloride of the base is 
insoluble. The mass became warm on covering the amine (m. p. 190°) 
with acetic anhydride, solution occurred accompanied with a violet 
coloration (compare Meldola, Woolcott, and Wray, Trans., 1896, 
69, 1324), and finally the whole solidified to a white paste. It may 
here be remarked that the violet colour, although noticeable in the 
large majority of cases, was not always observed. Meldola and his. 
pupils ascribed the colour to an oxidising effect of acetyl peroxide ; 
here, at all events, it would seem to be due to some impurity in the base. 
The product is sparingly soluble in hot water, but dissolves easily 
in alcohol, acetic acid, or alkali, and the needles melt at 185—186°. 
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The crystals from acetic acid contain acetic acid of crystallisation and 
melt at 178—179°. On exposure to the air, they effloresce and then 
melt at 185°. Holz (J. pr. Chem., 1886, [ii], 32, 68) states that the 
substance forms small, glistening plates melting at 173—174°, whereas 
Friedlander and Stange (Ber., 1893, 26, 2262) describe it as crys- 
tallising in needles soluble in alkali and melting at 185°: 


0°1751 gave 0°2140 AgBr. Br=52°01. 
C,H,O,NBr, requires Br =51°78 per cent. 


Action of Nitric Acid.—The acetyl compound suspended in glacial 
acetic acid and cooled to near the freezing point of the solution was 
treated with 1} mols. of nitric acid. Bromine wasimmediately liberated. 
The yellow product obtained on pouring the solution into ice water, 
after being washed and dried, was crystallised twice from methyl 
alcohol. The melting point of 6-bromo-2-nitro-4-acetylaminophenol is 
230° : 

0°1532 gave 12°8 c.c. nitrogen at 14° and 766 mm. N=9°91. 

01316 ,, 0:0902 AgBr. Br=29-23. 

C,H,O,N,Br requires N=10'18. Br=29-09 per cent. 


The substance is very soluble in the usual organic solvents. All 
atterupts to hydrolyse the compound proved futile. 

2 : 6-Dibromo-4-benzoylaminophenol.—This compound was prepared 
from the corresponding aminophenol (Forster and Robertson, Joc. cit.) 
in order to compare the influence of the benzoyl and acetyl radicles : 


0°1211 gave 0:1227 AgBr. Br=43°12. 
C,,H,O,NBr, requires Br= 43°13 per cent. 


It gives the nitro-derivative with nitric acid in precisely the same 
way as the acetylamino-compound, but the temperature required for 
the nitration is 18—20°. The product, 2-bromo-6-nitro-4-benzoylamino- 
phenol, easily dissolves in organic solvents and crystallises in small, 
yellow needles from methyl alcohol. After several crystallisations, it 
melts at 247°: 


0°1341 gave 0:0729 AgBr. Br=23°14, 
C,,H,O,N.Br requires Br= 23°74 per cent. 


2:3: 6-Zribromo-4-ccetylaminophenol.—Eighty grams of dibromo- 
acetylaminophenol were dissolved in glacial acetic acid, and while the 
solution was still warm one molecular proportion of bromine was 
added. After standing for twelve hours, the red prisms which had 
deposited were filtered off on the pump, washed, and dried. When 
dried, the crystals gradually became of a light brown colour and the 
mass weighed 77 grams. From the mother liquor, by addition of 
water, a yellow precipitate was obtained weighing 3 grams, which 
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consisted chiefly of bromoanil (m. p. 299—300°). The tribromoacetyl- 
aminophenol, after three recrystallisations from alcohol, formed white 
needles which melted at 224° with decomposition : 


01141 gave 01653 AgBr. Br=61°66. 
C,H,O,N Br, requires Br= 61°85 per cent. 


When nitric acid was poured into an acetic acid solution of tri- 
bromoacetylaminophenol at the ordinary temperature, only a tar, 
small in amount, was obtained. On heating, the only recognisable 
products were oxalic acid, dibromodinitromethane, and probably 
bromoanil. 

Action of Nitric Acid on the Acetyl Derivatives of 2 : 6-Dibromo-4-nitro- 
phenol and Tribromophenol.—When nitric acid of sp. gr. 1°5 is poured 
on either of these acetyl compounds, bromine and nitrous fumes are 
liberated, but on dilution with water the original substance only is 
obtained, the action of the acid being apparently destructive. The 
melting point of tribromophenylacetate is 84°, Schunck and March- 
lewski (Annalen, 1894, 2'78, 347) give 82°. 


Anisole Derivatives. 


2 : 6-Dibromo-4-nitroanisole.—An attempt to prepare this compound 
from the corresponding silver phenate and methyl iodide giving only 
a meagre yield, it was thought that the yield might be improved by the 
employment of Lander’s method of etherification (Trans., 1900, ‘77, 
729). The dibromonitrophenol was dissolved in absolute alcohol and 
the silver oxide and methyl iodide added in Lander’s proportions. 
After heating for three hours, the filtered solution was poured into 
dilute alkali, filtered, and dried. In this way, a 60—65 per cent. yield 
was obtained, and the unaltered phenol was recovered from the 
alkaline filtrate. Heating for four hours did not materially increase 
the yield. The white needles from alcohol melted at 123°; Korner 
(Gazzetta, 1874, 4, 390) gives 122°6°. 

2 : 6-Dibromo-4-anisidine.—The reduction of the nitroanisole by tin 
and hydrochloric acid is slow owing to the insolubility of the compound 
in the acid. The amine is very easily soluble in the usual organic 
solvents, and crystallises best from light petroleum in small, white, 
glistening leaflets melting at 66°. Stiidel (Annalen, 1883, 21'7, 70) ob- 
tained this compound, but does not give its melting point : 


0°1537 gave 0°2054 AgBr. Br=56°87. 
C,H,ONBr, requires Br= 56°94 per cent. 
The acetyl derivative, prepared in the same way as the dibromo- 


acetylaminophenol, forms long, slender needles from methylated spirit, 
and melts at 206°. It is sparingly soluble in boiling water or petroleum, 
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moderately so in benzene, and easily so in alcohol, methyl] alcohol, ethyl 
acetate, acetic acid, or chloroform : 


01860 gave 0:2178 AgBr. Br= 49°83. 
C,H,O,NBr, requires Br=49'53 per cent. 


The benzoyl derivative, prepared by means of the Schotten-Baumann 
reaction, crystallises from alcohol in needles which soften at 174° and 
melt at 180°. It is easily soluble in methyl alcohol, acetic acid, or 
alcohol, and moderately so in benzene, but almost insoluble in hot 
water : 


01553 gave 0°1524 AgBr. Br=41°76. 
C,,H,,0,NBr, requires Br = 41°99 per cent. 


It is noteworthy that tribromoanisole and the above anisole derivatives 
do not liberate bromine when treated with nitric acid in the cold or at 
30—40°. 


3 :5-Dibromosalicylie Acid. 


According to Lellmann and Grothmann (Ber., 1884, 177, 2728), this 
acid can be most easily prepared by dissolving salicylic acid in 
glacial acetic acid in the cold and adding five atomic proportions of 
bromine. The liquid, after being allowed to stand for one hour, is 
poured into water and afterwards digested for some time with water 
to get rid of a volatile impurity. The product is finally converted into 
the barium salt, from which the pure acid is liberated. These direc- 
tions were carried out up to the prolonged digestion with water, and 
as the acid melted at 216° (compared with 221° for the pure acid) it 
was regarded as comparatively pure. This, however, is by no means 
the case, as on attempting to prepare the acetyl derivative from the 
product melting at 216°, the substance obtained in a state of 
purity was the acetyl derivative of tribromophenol: it melted at 84°, 
and a mixture of it with a specimen of tribremophenyl acetate also 
melted at 84°; further, it contained Br=64°51 per cent. (calc. 
Br = 61°34 per cent.), was insoluble in caustic soda, and when hydro- 
lysed gave a product melting at 94°, tribromophenol melting at 
92—95°. 

In order to ascertain the relative proportion of dibromosalicylic 
acid to tribromophenol, the crude brominated product (m. p. 202°) was 
submitted to steam distillation; tribromophenol passed over slowly 
(m. p. 92°), and the liquid remaining in the flask after filtration and 
cooling deposited white needles melting at 220—221° In this 
experiment, 28 grams of tribromophenol and 14 grams of the dibromo- 
acid were obtained. 

Bromination in chloroform leads to the formation of 5-bromosalicylic 
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acid (m. p. 164°), and as, in a subsequent experiment conducted 
according to Lellmann and Grothmann’s directions it was observed 
that gas was evolved after pouring the acetic acid solution into water, 
the excess of bromine was destroyed by the addition of sodium 
bisulphite, 5-bromosalicylic acid being again obtained, but no tribromo- 
phenol. Finally, the bromination was found to proceed easily in 
the presence of iodine. Ten grams of salicylic acid were dissolved in 
glacial acetic acid and 9°7 c.c. of bromine (2°5 mols.) and one gram 
of iodine were added while the solution was hot. After being allowed to 
stand for one hour, the solution was heated for a short time, and when 
cold poured into a concentrated solution of sodium bisulphite, when 
the acid separated out as a white, crystalline precipitate. This proved 
to be a mixture of the dibromo- with the mono-salicylic acid, the 
dibromo-compound largely predominating. The two compounds can, 
however, be easily separated by fractional crystallisation from glacial 
acetic acid in which the dibromo-acid is the less soluble. From 
25 grams of salicylic acid, 40 grams of pure 3: 5-dibromosalicylic acid 
were obtained, together with 5 grams of an acid melting at 163°, and 
therefore probably 5-bromosalicylic acid. This is a 75 per cent. yield 
compared with 30—35 per cent. which can be obtained by Lellmann 
and Grothmann’s method. The melting point of the acid is 221° ; 
Lellmann and Grothmann found 223° (Joc. cit.) : 


0°2284 gave 0'2919 AgBr. Br=54°39. 
C,H,0,Br, requires Br = 54:05 per cent. 


A noteworthy point about this acid is that it decomposes carbonates 
with difficulty. 

Action of Nitric Actd.—On addition of dibromosalicylic acid to nitric 
acid of sp. gr. 1°42, there is no liberation of bromine in the cold, but 
on very gently warming, the mass goes into golution with evolution of 
gas and bromine. After heating for two minutes on a water-bath, the 
liquid was poured on to ice and the yellow solid, after being collected 
and washed, crystallised from water. The resulting yellow needles 
melted at 117° and a mixture of this substance with bromodinitro- 
phenol also melted at 117°, thus identifying the product. The needles 
were recrystallised from alcohol and analysed : 


0:2530 gave 0°1827 AgBr. Br=30°73. 
C,H,0;N,Br requires Br= 30°41 per cent. 


In this experiment, therefore, the carboxyl group in addition to a 
bromine atom has been replaced by the nitro-group. From 10 grams 
of dibromosalicylic acid, 7°5 grams of 6-bromo-2 : 4-dinitrophenol were 
obtained. 

Acetyl-3 : 5-dibromosalicylic acid, prepared in the usual way, melts 
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at 156° and crystallises from dilute alcohol in needles or leaflets. It 
is sparingly soluble in water or light petroleum but easily so in the 
other solvents : 


0°1820 gave 0:2025 AgBr. Br=47:35, 
C,H,O,Br, requires Br = 47°34 per cent. 


Nitric acid of sp. gr. 1°42 to which a few drops of concentrated acid 
of sp. gr. 1°5 had been added liberated only a trace of bromine at 60°. 

Methyl dibromo-o-methoxybenzoate was prepared from dibromo- 
salicylic acid by Lander’s method, alcohol again being used as solvent. 
It crystallises from petroleum in beautiful, long prisms which melt at 
52° (compare Peratoner, Gazzetta, 1886, 16, 417). Dibromo-o-methoxy- 
benzoic acid, prepared from the ester, melts at 194° (Joc. cit). Neither 
of these compounds liberates bromine when treated with nitric acid 
of sp. gr. 1:42 at 60°. 

The acetyl derivative of 5-bromosalicylic acid does not seem to have 
been prepared hitherto; it melts at 168° when crystallised from 
alcohol : 


02274 gave 0'1658 AgBr. Br=31:03. 
C,H,O,Br requires Br = 30°89 per cent. 


3: 5-Dibromo-4-hydroxybenzoic Acid. 


Hlasiwetz and Barth (Annalen, 1865, 134, 276) found that by the 
action of bromine water on p-hydroxybenzoic acid they obtained tri- 
bromophenol. Beilstein makes the statement, evidently founded on 
this observation, that bromo-p-hydroxybenzoic acid cannot be obtained 
by direct bromination. Hihle (D.R.-P. 60637) obtained the mono- 
bromo-acid, but on attempting further bromination tribromophenol was 
the sole product. After the experience gained in the bromination of 
salicylic acid, it seemed advisable to re-examine the behaviour of p-hydr- 
oxybenzoic acid towards bromine. It was found that dibromo-p-hydr- 
oxybenzoic acid can be easily and readily obtained by carrying out the 
bromination in acetic acid in the presence of iodine and pouring the 
product into sodium bisulphite solution in the same way as with sali- 
cylic acid. The yield is 80 per cent. of the theoretical, and the melting 
point 267—268°. Methyl dibromo-p-methoxybenzoic acid was found to 
melt at 90—91°; Balbiano (Gazzetta, 1883, 13, 66) records 91:5—92° 
(corr.) as the melting point. On analysis: 


0:2285 gave 0:'2897 AgBr. Br=53:95. 
C,H,0,Br, requires Br = 54°05 per cent. 


On nitration, this acid yielded 2-bromo-4 : 6-dinitrophenol, just as in 
the case of dibromosalicylic acid. 
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The acetyl derivative crystallises from alcohol in needles melting at 
207°. Nitric acid of sp. gr. 1°42 did not liberate bromine from it 
at 60° : 


02527 gave 0'2810 AgBr. Br=47°32. 
C,H,O0,Br, requires Br = 47°34 per cent. 


Balbiano (Gazzetta, 1884, 14, 10) records that 2 : 6-dibromo-4-nitro- 
anisole results from the action of fuming nitric acid on dibromoanisic 
acid. In this case, therefore, the carboxyl group but not the bromine 
atom has been replaced by the nitro-group. 

The ethyl ester was prepared by Fischer and Speier’s method (Ber., 
1895, 28, 3252). It melts at 99° and crystallises in needles from 
alcohol : 


0°2556 gave 0'2969 AgBr. Br=49-43. 
C,H,0,Br, requires Br = 49°38 per cent. 


3-Bromo-4-hydroxybenzoic acid has been prepared by Hihle (loc. cit.), 
who does not give its melting point, and by Paal (Ber., 1895, 28, 2411), 
who obtained it as white needles melting at 148°, by the oxidation of 
the corresponding aldehyde. It may be obtained by brominating 
p-hydroxybenzoic acid in acetic acid solution in the absence of iodine, 
and purified by the method recommended by Paal, namely, crystallisa- 
tion from ethyl acetate and petroleum : 


0°1575 gave 0:1377 AgBr. Br=37°21. 
C,H,O0,Br requires Br = 36°87 per cent. 


The acetyl derivative, melting at 155°, crystallises from alcohol in 
needles : 


0°1839 gave 0°1347 AgBr. Br=31:17. 
C,H,O,Br requires Br = 30°89 per cent. 


Bromination of m-Hydroxybenzoic Acid. 


Ten grams of m-hydroxybenzoic acid were dissolved in glacial acetic 
acid, gently warmed, and three molecular proportions of bromine 
added. After the expiration of one hour, the crystals “A” which had 
deposited were filtered off, and the mother liquor was evaporated, when 
an oil ‘* B,” which quickly solidified, was obtained. 

Product “.A”.—It was soon found that this was a mixture. By 
repeated fractional crystallisation from hot water, a product consisting 
of small tufts of glistening needles, which melted at 201—202°, was 
ultimately obtained. This proved on analysis to be a dibromo-m-hydr- 
oxybenzoic acid crystallising with one mol. of water ; 
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0°1282 lost 0°0076 H,O. H,O=5°93. 
0°1983, dried for 4 hours at 110°, gave 0°2504 AgBr. Br=53°74. 
C,H,0,Br,,H,O requires H,O=5°75 per cent. 
C,H,O0,Br, requires Br =54°05 per cent. 


As the determination of the constitution of this acid lay outside the 
scope of this inquiry, and the amount of m-hydroxybenzoic acid at my 
disposal was small, the further investigation of the substance was not 
attempted. It is probably 4 : 6-dibromo-3-hydroaybenzoic acid, 

A substance melting at 212° and consisting of hair-like needles was 
also obtained, but was too small in amount for examination. Product 
“ B” consisted mainly of tribromo-m-hydroxybenzoic acid and melted 
at 144°. 

Tribromo-m-hydroxybenzoic Acid.—Werner (Bull, Soc. Chim., 1886, 
[i], 46, 276) obtained this acid from m-hydroxybenzoic acid by using 
bromine water, but it was thought better to adopt the following 
method of preparation. Five grams of m-hydroxybenzoic acid were 
made into a paste with glacial acetic acid and three mols. of bromine 
were added. Heat was developed, and after allowing the mixture to 
stand for two hours water was added and the mass filtered off, 
washed, and dried on porous earthenware. On recrystallisation from 
water, the needles melted at 146—147°, which is the melting point 
recorded by Werner. 

Action of Nitric Acid.—The experiment on tribromo-m-hydroxy- 
benzoic acid was carried out precisely in the same way as with dibromo- 
salicylic acid. On pouring the product into water and filtering, a 
yellow solution was obtained which deposited a yellowish powder on 
concentration. It was recrystallised twice from water, in which it is 
freely soluble, and melted at 217—218° with decomposition. The cal- 
cium salt is somewhat explosive. Determination of bromine in the 
substance shows that two atoms of that element have been replaced by 
nitroxyl, the resulting acid being a bromodinitro-m-hydroxybenzoic 
acid, and probably the 2-bromo-4 : 6-dinitro-acid : 


0°1928 gave 01192 AgBr. Br=26°31. 
C,H,0,N,Br requires Br = 26°06 per cent. 


The acetyl and methoxy-derivatives of this acid were not prepared 
owing to lack of material. 


In conclusion, the author wishes to record his indebtedness to Pro- 
fessors Tilden and Wynne for valuable suggestions and help given to 
him in the course of this inquiry. 


Roya CoLuEGE oF ScIENCE, LONDON. 
Soutu KeEnsineron, 8.W. 
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CXLVI.—Derwatives of Normal and iso-Butyrylpyruve 
Acids. 


By Artaur Lapworta and A. C. Osporn Hann. 


THE compounds described in the present communication were prepared 
during the course of an investigation on theaction of sodium ethoxide and 
ethyl oxalate on the benzylidene derivatives of certain ketones, a reaction 
which, in the case of benzylidenemesityl oxide, appeared to result in the 
formation of benzaldehyde and oxalyl derivatives, probably of acetone 
or the original mesityl oxide. In order to obtain further evidence on 
the point, the interaction of ethyl oxalate and the benzylidene 
derivatives of some saturated ketones containing the acetyl group was 
studied, but the experiments did not lead to the results which were 
anticipated. The formation of esters of acetylpyruvic acids by the 
condensation of ketones, containing the acetyl group, with ethyl oxalate 
has been studied by Claisen and his pupils in the case of acetone, 
acetophenone, mesityl oxide, d&c. (Ber., 1888, 20, 2184, 2189 ; Annalen, 
291, 132), and oxalyl derivatives of numerous ketones, esters, and 
nitriles have been isolated by other chemists. 

The free ay-diketonic acids obtainable from the ketones of lower 
molecular weight do not appear to have been prepared, a fact which is 
perhaps accounted for by the instability of the acids under the 
conditions which lead to their formation from the esters, namely, 
alkaline hydrolysis, as this may result in condensation (Ber., 1890, 22, 
3271) or the usual decompositions to which B-diketones are prone. 

On endeavouring to prepare the free acid from ethyl tsobutyryl- 
pyruvate, we were much struck by the properties of a sparingly 
soluble compound which was obtained on acidifying the liquid which 
is formed when the ester is treated with strong potassium hydroxide 
under certain conditions. Analysis of the compound showed that it 
contained a small quantity of potassium, and it was at first supposed to 
be a condensation product, but further investigation has shown that 
it is an acid potassium salt containing 1 mol. of potassium isobutyryl- 
pyruvic acid and 3 mols. of the acid itself. Sodium hydroxide does 
not yield a similar compound. 

With normal butyrylpyruvic acid, a sparingly soluble potassium salt 
is also obtained, but this contains invariably a larger proportion of 
potassium than in the former instance, and we conclude that it is 
formed from 1 mol. of the normal salt and 2 mols. of the acid ; as in 
the first case, the corresponding sodium compound could not be 
obtained. The properties of these compounds recall the peculiarities 
of the quadroxalates, and their existence is interesting in the light of 
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the views expressed by Abegg and Bodlinder (Zeit. anorg. Chem., 1899, 
20, 481) as to the nature of such acid salts. 

The free acids, obtained by treating solutions of these salts with 
mineral acids, are very difficult to extract with ether unless the 
aqueous liquid is first treated with a very considerable proportion of 
strong sulphuric acid. They could only be isolated as oils, but had 
all the properties of ay-diketonic acids, whilst the two butyrylpyruvic 
esters doubtless exist as a mixture of the ketonic and enolic modifi- 
cations. We have not yet been able to determine whether ethyl 
n-butyrylpyruvate is to be represented by the structure 

CH,Et-CO-CH,:CO-CO,Et, 
or the alternative one, CH,-CO-CHEt-CO-CO,Et, although we believe 
the former to be the more probable, having regard to the exceptional 
readiness with which ketones containing the acetyl group afford 
oxalyl derivatives. 


EXPERIMENTAL, 
Ethyl isoButyrylpyruvate, (CH,),CH-CO-CH,°CO-CO,°C,H;. 


A mixture of 20 grams of methyl isopropyl ketone and 40 grams of 
ethyl oxalate is gradually added to a solution of 5°7 grams of sodium 
in 70 c.c. of anhydrous alcohol. Ordinary “absolute alcohol” is not 
sufficiently dry for use in this condensation. The liquid becomes 
bright yellow in a few moments, and at the end of two or three hours 
sets to a mass of crystals of the sodium derivative of ethyl isobutyryl- 
pyruvate. The crystals are removed by filtration, washed with a little 
alcohol, and recrystallised from a mixture of alcohol and ether. The 
free ester is easily obtained by shaking the sodium compound with 
dilute hydrochloric acid, and a further quantity may be recovered from 
the alcoholic mother liquors by shaking these with acidified copper 
acetate solution and decomposing the resulting crystalline copper 
derivative. 

The ester forms a fairly mobile liquid with a faint yellow colour, 
and may be purified by distillation in a vacuum. It boils with some 
decomposition at 230—232° under atmospheric pressure. On analysis: 


0°2842 gave 0°6067 CO, and 0°1954 H,O. C=583; H=7°6. 
C,H, ,0, requires C=58:1; H=7°'5 per cent. 


The substance shows no signs of crystallising at -10°. Like other 
ay-diketonic esters, it dissolves readily in dilute alkalis, yielding solu- 
tions of a light yellow colour, and forms a number of sparingly soluble 
metallic derivatives. 

Dissolved in alcohol, it gives a brilliant, claret-coloured solution on 
addition of a drop of ferric chloride. It condenses readily with 
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hydrazines, affording sparingly soluble compounds which have not 
been closely examined. When a drop of piperidine is added to a 
mixture of the ester and a fatty aldehyde condensation ensues, the 
temperature rapidly rises, and water separates in a few minutes. 

The sodium derivative, C,H,,0,Na, separates from a mixture of 
alcohol and ether in fine needles. It is somewhat readily soluble in 
water, but less readily so in alcohol, ethyl acetate, acetone, or benzene, 
and is decomposed by acetic acid forming the free ester. Its solution 
in water affords characteristic precipitates with solutions of most 
metallic salts. The crystals probably belong to the monoclinic system ; 
in plane polarised light, most of them show oblique extinction ; in 
convergent polarised light, some are seen to have an optic axis emerging 
perpendicularly through the large faces, and the axial plane is 
identical with the plane of symmetry. On analysis: 


0°1730 gave 0°0588 Na,SO, Na=11°0. 
C,H,,0,Na requires Na= 11-0 per cent. 


The copper derivative, (C,H,,0,),Cu, may be obtained from the 
sodium compound or by shaking the free ester with a saturated 
solution of copper acetate. It separates from alcohol in bluish-green 
needles and is soluble in all the usual media with the exception of 
water. On analysis: 


0°2524 gave 0°0468 CuO. Cu=14°7. 
(C,H,,0,),Cu requires Cu=14°5 per cent. 


The calcium derivative, (C,H,,0,),Ca, is precipitated in an amorphous 
form on mixing aqueous solutions of the sodium derivative and calcium 
chloride. It is practically insoluble in water, but dissolves very 
readily in ether, ethyl acetate, acetone, or hot alcohol. It separates 
from the last-named solvent in fine needles, On analysis: 


0°3708 gave 0°1272 CaSO,. Ca=10°0. 
(C,H,,0,),Ca requires Ca = 9°7 per cent. 
The bariwm compound, (C,H,,0,),Ba, closely resembles the calcium 
derivative in appearance and solubility. On analysis: 
02909 gave 0'1344 BaSO,. Ba=27:2. 
(C,H,,0,).Ba requires Ba = 26°9 per cent. 


The cobalt derivative, (C,H,,0,),Co, is highly characteristic and is 
formed as a very sparingly soluble yellow precipitate consisting 
usually of miuute needles. It dissolves fairly readily in the usual 
organic media, and separates in well-formed needles from hot alcohol : 


0°3106 gave 00594 Co,0,. Co=14:1. 
(C,H, ,0,),Co requires Co= 13-7 per cent. 
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The zinc, magnesium, nickel, lead, and aluminium compounds are all 
sparingly soluble in water, and for the most part crystalline. 

Hydrolysis.—W hen ethyl isobutyrylpyruvate is dissolved in excess 
of somewhat dilute alkali, it is slowly hydrolysed and in the course of a 
few hours addition of a mineral acid causes no precipitate, thus indicat- 
ing complete hydrolysis ; the liquid almost invariably emits an odour 
of methy] isopropyl ketone, so that the acid formed evidently undergoes 
further decomposition to a small extent. Extraction of the acidified 
liquid with organic solvents does not afford any crystalline material, 
and only a small amount of acid residue is left on evaporating the 
extracting agent; this may be increased in amount, however, by 
adding a large excess of strong sulphuric acid to the well-cooled 
liquid before extraction. 

Finally, the following method of hydrolysis was employed. The 
dry sodium derivative of the ester, in amount not exceeding 5 grams, 
is placed in a mortar, and a 50 per cent. potassium hydroxide solution 
is added drop by drop while the whole is triturated, until the mixture 
forms a thick, opaque paste. It is then allowed to remain for not 
more than one minute (by which time the material has usually 
assumed the form of a nearly colourless, transparent liquid), diluted 
with water, and acidified with hydrochloric acid. The liquid deposits 
a mass of colourless crystals which may be purified by crystallisation 
from ethyl acetate or by solution in dilute potassium hydroxide and 
reprecipitation from the filtered liquid by means of hydrochloric 
acid. 

The substance melts sharply at 111—112°; it is sparingly soluble 
in cold water, but dissolves readily in dilute alkalis or ammonia. Its 
aqueous solution is strongly acid and expels carbon dioxide from 
carbonates. When warmed with water, it is rapidly decomposed, an 
odour of methyl isopropyl ketone becomes perceptible, and oxalic acid 
may be detected in the liquid. Its liquid in dilute alkalis has a 
distinct yellow colour. 

The crystals of the substance are flat, rhomboidal plates ; in con- 
vergent polarised light,an optic axis of a biaxial figure is seen to 
emerge obliquely through the large faces.~ 

Three specimens prepared on different occasions were analysed : 


0°4476 gave 0:0594K,S0,. K=5°9. 0°2651 gave 00351 K,SO,. K=5'9. 
0°6482 ,, 0°0856K,S0,. K=5'8. 
C,H,O,K,(C,H,,0,), requires K = 5'8 per cent. 


After admixture with dried and finely divided silica for the purpose 
of decomposing any potassium carbonate, 
0°1496 gave 0:2771 CO, and 0:0801 H,O. C=50°5; H=6-0. 
C,H,0,K,(C,H,,0,), requires C=50:2 ; H=5°8 per cent. 
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Attempts were made to determine the equivalent of the compound 
by titration against standard sodium hydroxide solution in presence of 
phenolphthalein ; the end reaction, however, was so indefinite as to 
render the result worthless. 

The aqueous solution of the substance gives, on addition of ferric 
chloride, a deep claret-coloured solution exactly resembling that which 
the original ester affords. With copper sulphate, a bright green 
solution is formed. 

After neutralisation with cold ammonia, the solution gives no pre- 
cipitate with calcium chloride until it is boiled, when a copious deposit 
of calcium oxalate is produced. 

Benzylidenemethyl isoPropyl Ketone, (CH,),CH-CO-CH:CH’C,H,.— 
A mixture of methyl] isopropyl ketone and benzaldehyde in molecular pro- 
portion, suspended in a 2 per cent. sodium hydroxide solution, is shaken 
at intervals during a week, and the product afterwards extracted with 
ether and isolated by fractional distillation under diminished pressure. 
It boiled with slight decomposition at 284—-286° under atmospheric 
pressure, was an oil with a characteristic odour and showed no 
tendency to crystallise at — 15°. On analysis: 


0:2476 gave 0°7470 CO, and 0:1770 H,O. C=82:3; H=7°9. 
C,,H,,0 requires C=82°7 ; H=8:0 per cent. 


The oxime, C,,H,,ON, was prepared by warming the ketone with 
dilute alcoholic solution of hydroxylamine hydrochloride and caustic 
soda, and was precipitated on addition of water as a semi-crystalline 
mass which was purified by crystallisation from light petroleum. It 
dissolves somewhat readily in the ordinary media with the exception 
of water, and separates from light petroleum in curved, tooth-shaped 
crystals which melt at 131—132°. When warmed with dilute hydro- 
chloric acid, it is rapidly hydrolysed, affording the original benzyl- 
idene compound boiling at 274—276°. On analysis: 


0°2268 gave 0°6355 CO, and 0:1690 H,O. C=76:4; H=8-2. 
C,.H,,ON requires C=76'2; H =7°9 per cent. 


The semicarbazone, C,.H,,:N*NH:CO:NH,, dissolves readily in hot 
alcohol, acetone, ethyl acetate, benzene, or chloroform, but much less 
readily in the cold liquids, and is very sparingly soluble in light petrol- 
eum. It separates from a hot solution in ethyl acetate in the form 
of rectangular plates or prisms which melt and decompose at 166—167°. 
The substance is easily hydrolysed by means of hot dilute hydrochloric 
acid. On analysis: 


0°1787 gave 0°4427 CO, and 0:1182 H,O. C=675; H=7-4. 
C,,H,,ON, requires C=67°6 ; H=7°4 per cent. 


VOL. LXXXI. 


1499 DERIVATIVES OF NORMAL AND ISO-BUTYRYLPYRUVIC ACIDS. 


Ethyl n-Butyrylpyruvate, CH,*CH,*CH,°CO-CH,°CO-CO,°C,H, (2). 


This substance was prepared from methyl n-propyl ketone by a 
process exactly similar to that previously employed in making the 
isomeric ester, but the condensation appears to proceed more slowly 
than in the latter instance. 

The ester forms a nearly colourless liquid, which boils and decom- 
poses at 228—-232° under ordinary pressure, and in general exhibits 
properties which resemble very closely those of the corresponding 
isobutyryl compound. On analysis: 

0°2721 gave 0°5787 CO, and 0:1876 H,O. C=58:0; H=7°6. 

C,H,,0, requires C=58'1; H=7°5 per cent. 

The sodium derivative, C,H,,0,Na, separates from alcohol in long, 
yellowish needles, and is somewhat readily soluble in water and in 
most of the ordinary media with the exception of light petroleum. On 
analysis : 

0:2821 gave 0:0980 Na,SO,. Na=11°3. 

C,H,,0,Na requires Na= 11-0 per cent. 

The copper derivative, (C)H,,0,),Cu, dissolves in the usual solvents 
with the exception of water, and forms small, greenish-blue, flattened 
prisms. A specimen crystallised from ethyl acetate was analysed : 


0:'2705 gave 0:0485 CuO. Cu=14°3, 
(C,H,,0,),Cu requires Cu=14°5 per cent. 


The calcium and bariwm derivatives. crystallise in white needles 
from ethyl alcohol. The nickel compound forms pale green needles 
soluble in ethyl acetate or alcohol ; the cobalt derivative is yellow and 
erystallises from alcohol. The ferrous compound is bluish-purple. 

Hydrolysis—When ethyl n-butyrylpyruvate is hydrolysed with 
strong potassium hydroxide in the mode previously described (p. 1488) 
and the alkaline liquid is strongly acidified, a sparingly soluble 
potassium salt is obtained which may be purified by crystallisation from 
cold ethyl acetate. Unlike the potassium salt of isobutyrylpyruvic 
acid, however, it forms asbestos-like needles ; these, in polarised light, 
are seen to have oblique extinction, the angles varying widely accord- 
ing to the orientation of the crystals. Three distinct specimens were 
analysed : 


0-7239 gave 01188 K,SO,. K=7-4. 03493 gave 00593 K,SO,. K=7°6. 
03647 ,, 0:°0640 K,SO,. K=7°8. 
C,H,0,K,(C,H,,0,). requires K =7°6 per cent. 
0°2052 gave 0°3676 CO, and 01034 H,O. C=48°9; H=5°6. 
C,H,0,K ,(C,H,,0,), requires K=7°6 ; C= 49-2; H=5°6 per cent.’ 
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The aqueous solution of the compound, even after neutralisation 
with ammonia, affords no precipitate with calcium salts until the 
solution is boiled, when calcium oxalate is precipitated. On addition 
of p-nitrophenylhydrazine acetate, a light yellow, microcrystalline 
precipitate is produced. In general, the chemical properties of this 
salt closely resemble those of acid potassium isobutyrylpyruvate. 


CHEMICAL DEPARTMENT, 
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CXLVII.—Optically Active Esters of B-Ketonic and 
B-Aldehydic Acids. Part I. Menthyl Formyl- 
phenylacetate. 


By ArtHur Lapworts and A, C. Osporn Hann. 


Ir is well known that the desmotropic forms of such substances as 
B-diketones and nitroparaffins differ markedly in many physical 
properties, such as density, refractive, absorptive, and dispersive 
power, and magnetic rotation, and that by means of these properties 
it is frequently possible to determine to which of two possible forms 
a compound may be referred under given conditions, and, in many 
cases, to follow the change of one form into another. In these cases, 
however, it is not easy to follow the changes rapidly in dilute 
solution. 

When the compounds themselves are optically active, however, 
observations on dilute solutions may be very rapidly made, and, as 
Lowry has shown (Trans., 1899, '75, 224), may sometimes afford an 
accurate method of estimating the relative amounts of the two forms 
present at any time. 

In spite of the value which Lowry’s method of investigation by 
the observation of mutarotation may certainly possess, as shown by 
his own experiments on nitro- and z-bromonitro-camphor, and by those 
of Forster on nitrocamphane (Trans., 1900, 77, 260) and benzoyl- 
camphor (Trans., 1901, '79, 987), the principle has not yet been 
widely applied, the reason being, no doubt, that the number of active 
labile compounds of the kind which may be prepared in a perfectly 
straightforward way is limited. 

In order that the method may be employed to the greatest advantage, 
it is, of course, necessary that both desmotropic forms should be isolable. 
Nevertheless, even when only one of the two forms can be isolated in 

5 H 2 


1492 LAPWORTH AND HANN: OPTICALLY ACTIVE ESTERS OF 


the pure state, but the other exists in solution and has a different 
rotatory power, as in the case of nitrocamphor, mutarotation may be 
observable and the effect of agents on the velocity of change studied 
with advantage, especially since it is clear that when the two forms 
exist in equilibrium in solution a trace of an agent which affects the 
velocity of the change in one direction should affect that of the 
reverse change in a similar manner. 

Some of the most interesting and most debated cases of tauto- 
merism exist among the esters of B-ketonic and f-aldehydic acids, 
such as acetoacetic, formylphenylacetic, and acetoneoxalic acids, and it 
occurred to us that among the esters formed from these and active 
alcohols of high molecular weight, one or both of the two forms might 
be crystalline, and therefore capable of complete purification ; 
moreover, it seemed that by observations of the mutarotation, the 
question of the nature of the agents which accelerate or retard the 
change might be easily investigated. 

It might appear, at first sight, very improbable that the two forms 
of such esters would differ sufficiently in rotatory power, as the 
position in the molecule at which the desmotropic change occurs is 
somewhat remote from the centre of asymmetry. Nevertheless, the 
well-known large divergencies which exist between the rotatory powers 
as calculated by Guye’s method and those actually observed, as well as 
the very marked effect which is produced on the rotatory power of 
many compounds by varying the concentration and solvent, made it 
seem quite possible that the differences between the properties of the 
two forms might in some cases be sufficiently large for the purpose. 

The first optically active ester of the type which we succeeded in 
preparing was menthyl formylphenylacetate; the same compound 
has been independently prepared by Cohen and Briggs (Proc., 1902, 
18, 172), and for the same purpose, and the results of these workers 
serve in the main to confirm our own. The corresponding ethyl ester 
was prepared by Wislicenus (Ber., 1895, 28, 767; 1896, 29, 742; 
Annalen, 1896, 291, 147; 1900, 312, 34) by the action of metallic 
sodium on a mixture of ethyl phenylacetate and ethyl formate, and we 
have found that a similar process, in which the corresponding menthyl 
esters are used, affords a fairly good yield of menthyl formylphenyl- 
acetate. 

The ethyl ester appears to be capable of existing in two modifica- 
tions. One of these is oily at the ordinary temperature and: generally 
exhibits the properties of a true hydroxymethylene or enolic com- 
pound, both in its chemical and in its physical characters ; thus, its 
solutions are rapidly coloured violet by ferric chloride, it dissolves 
readily in alkalis, and gives a copper derivative at once when its 
alcoholic solution is treated with copper acetate solution ; its specific 
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refractive power (Briihl, Annalen, 1896, 291, 217) and its absorptive 
power with regard to rapidly oscillating electrical vibrations (Wis- 
licenus, Annalen, 1900, 312, 32), are also in agreement with the 
formula OH*C:CPh:CO,Et. The second modification has the chemical 
and physical characters of an aldehydic acid of the formula 
CHO-CHPh:CO,Et. The two forms are produced when solutions of 
the sodium derivative are acidified; precipitation by carbon dioxide 
usually leads to the production of the enolic form, whilst strong 
mineral acids in excess produce the aldehydic modification. The two 
forms are found to be interconvertible, both at high and at the 
ordinary temperatures, and also in solution. It was found, moreover, 
that there are two stereoisomeric forms of the enolic modification, and 
isomeric copper and benzoyl derivatives were prepared. 

In the case of the menthyl ester we have not been able to detect 
any tendency to persist in the ketonic form. Under all conditions in 
which Wislicenus found that the oily ethyl ester is produced, we have 
invariably obtained one and the same compound, and this we believe 
to be the aldehydic form of the ester for the reasons stated on 
p. 1495. 

On the other hand, we have indications that equilibrium between the 
two forms is attained extremely readily in alcohol, and the importance 
of the non-production of a coloration with ferric chloride in benzene 
or chloroform solution may perhaps be over-estimated, as ethyl aceto- 
acetate or phenol gives only a faint coloration under these conditions, 
Further, we have found that, unlike the aldehydic ethyl ester, the 
substance reacts rapidly with cold phenylcarbimide, interaction being 
complete in less than three days. 

From the description given by Wislicenus of the properties of the 
two ethyl esters, we are led to think that the rapidity of change of 
the aldehydic into the enolic form and vice versé must be far greater 
in the case of the menthyl ester, a difference which is very difficult 
to understand. 

We have also failed to observe any indication of stereoisomerism in 
the metallic derivatives of the menthy] ester. 

Satisfactory evidence that we had been dealing with the menthyl 
ester of formylphenylacetic acid was afforded by the fact that when 
the substance is warmed with solutions of phenylhydrazine it afforded 
diphenylpyrazolone, which is also obtained when Wislicenus’ ethyl 
ester is treated in a similar way. 

With regard to the point which is held to be of the greatest 
importance in this investigation, namely, that of the mutarotation, the 
results were very disappointing. In the first place, the amount of the 
mutarotation is very small, and this is the case in chloroform. In the 
cases of oxygenated solvents such as alcohol, acetone, or ethyl acetate, 
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little or no mutarotation could be observed, and we believe this 
indicates that equilibrium between the two forms is attained too 
rapidly for observation, although it is impossible to decide this point 
satisfactorily. Moreover, the mutarotation in chloroform was so small 
that we do not feel justified in attaching any importance to the results 
of the experiments which were made on the influence of agents on 
the change, and it may merely be stated that acceleration appeared 
to be caused both by acids and by bases. 


Ex PERIMENTAL. 


Preparation of Menthyl Formylphenylacetate, 
CHO:CH(C,H,)°CO,°C,)Hy9. 

—The menthyl phenylacetate required for these experiments was made 
by heating a mixture of 50 grams each of phenylacetic acid and 
menthol and 5 c.c. of sulphuric acid on the water-bath for six hours, 
dissolving the product in ether, washing repeatedly with sodium 
carbonate, drying with potassium carbonate, and distilling in a 
vacuum. The fraction employed boiled at 210—215° under 34 mm, 
pressure, had a sp. gr. 0°99, and a rotation [a], — 68°15° at 16°5°, and 
was found to be pure enough for the purpose for which it was required. 
In the first attempt to convert it into the hydroxymethylene deriva- 
tive, sodium and amy] formate in absolute ethereal solution were used. 
The product appeared to consist of a mixture of the amyl and menthyl 
esters and did not crystallise. Menthyl formate was therefore pre- 
pared ; it boiled at 215—-217° under atmospheric pressure. 

The following process was found to afford the best yield of the 
desired product. Sodium (2°3 grams) in thin shavings was placed 
with 200 c.c. of dry ether in a dry flask cooled by a stream of 
water. A mixture of 30 grams of menthyl phenylacetate and 20 
grams of menthyl formate was then added in small quantities at a 
time ; the sodium dissolved fairly readily and the liquid acquired an 
orange-yellow colour. After the operation was completed, the whole 
was allowed to remain for several hours, when it was poured into 
about 500 c.c. of cold water and well shaken with it. The light 
yellow, aqueous layer was then run off, extracted twice with pure 
ether, and finally freed from the ether which remained dissolved by 
means of a stream of air. On adding a few drops of dilute acetic 
acid, an immediate precipitation of an oil occurred ; on stirring, this 
rapidly became converted into a white, pulverulent solid, and the 
addition of acid was then proceeded with. The product was col- 
lected on a filter, allowed to dry in the air, and crystallised from 
hot light petroleum, from which it separated at once in a nearly pure 
form. On analysis: 
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0°2773 gave 0°7680 CO, and 02116 H,O. C=755; H=85. 
C,9H.,0, requires C=75-7 ; H =8°6 per cent. 


Menthyl formylphenylacetate is readily soluble in almost all the 
usual organic media ; it dissolves readily also in hot light petroleum 
and separates on cooling in the form of magnificent, transparent 
pyramids or prisms, which are sometimes nearly a centimetre in 
thickness. During the crystallisation, flashes of light are usually 
observable, even in daylight ; this is the result of the property of tribo- 
luminescence, which the compound possesses in a remarkable degree, 
and appears to be caused by the cracking of the crystals owing to the 
change of temperature ; the phenomenon is rendered more obvious by 
warming the vessel to which the crystals are adhering. The crystals 
lose some of their transparency when kept, sometimes slowly, at other 
times rapidly, and it is interesting to note that the power to exhibit 
triboluminescence diminishes with the transparency. 

The crystals are tetragonal prisms and show the forms {110} and 
{101}. They are frequently elongated in the direction of the c-axis. 
The double refraction is strong and positive in sign. 

The compound melts quite sharply at 82—83° and exhibits very 
little tendency to persist in the liquid condition, even after it has been 
kept in the fused state for more than an hour ; after solidification, it 
melts at the same temperature as at first. It seems likely, therefore, 
either that the tendency for the compound to become converted into 
the tautomeric form is slight, or that the change occurs with great 
rapidity ; the latter view appears to us to be the more probable. 

When the solid is dissolved in benzene, chloroform, or light 
petroleum and a drop of an ethereal solution of ferric chloride is 
added, no coloration is developed at first. On standing, however, the 
liquid slowly becomes a faint reddish-violet, a change which is brought 
about rapidly by heating the solution to its boiling point. Again, if 
the solution in benzene is boiled for a few minutes and then cooled 
before the ferric chloride is added, a faint coloration is observable as 
soon as the reagent is added. A much more striking effect is produced 
if a trace of a base such as pyridine is introduced before or after the 
addition of the ferric chloride, when a deep violet coloration is at once 
developed. The development of the colour in alcoholic solution is 
much more rapid. If some of the powdered substance is placed in a 
test-tube, dissolved in alcohol, and at once treated with ferric chloride, 
a reddish-violet coloration is produced, and the intensity of this 
increases in a few seconds to a maximum. If an alcoholic solution 
which has been kept for some minutes or has been previously boiled 
and cooled is used, the maximum coloration appears to be developed 
instantaneously. These facts, as well as the circumstance that the 
solid and more stable form of the corresponding ethyl ester has the 
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aldehydic constitution, lead us to believe that, in the present case, the 
solid is the aldehydic form of the ester. 

We have made many attempts to obtain a second form of the ester, 
but without success. By adding a solution of the sodium derivative 
of the ethyl ester to excess of acid, an oily modification may be 
isolated, but under similar conditions we have always obtained the 
solid form of the menthyl ester ; it is true that, for a few moments 
after precipitation, the material forms an oil, but it invariably solidifies 
within twenty seconds, unless the sodium derivative has been pre- 
pared by using alcoholic sodium ethoxide ; in this case, however, it is 
largely the presence of alcohol as an impurity which accounts for the 
smaller tendency to solidify, as may be shown by adding a little 
alcohol to water containing a small quantity of the finely-powdered 
solid in suspension, when the compound sometimes becomes oily, but 
solidifies once more if washed with water two or three times. There 
is, moreover, no reason to suppose that the oily character which the 
material sometimes assumes under such conditions is connected with 
conversion into another form. 

In order to determine whether the compound exhibited mutarotation, 
which would serve to indicate a tendency to undergo change into its 
desmotropic form, its rotatory power in various solvents was measured 
immediately after solution, and again after the solutions had been kept 
for various periods. In 2 per cent. solution in absolute alcohol, it had 
[a], —64°9°, and no alteration was observed after two days. To 
hasten any very slow change which might have been going on, a trace 
of piperidine was added, when the rotation fell to —63°9° immed‘ately 
and did not alter appreciably with time, so that the effect was probably 
not due to mutarotation at all. 

In chloroform solution (2 per cent.), the initial specific rotation was 
[a]p —74°6° and fell slightly after the lapse of some days to —71°3°. 

Experiments were also made with solutions in benzene and petroleum, 
and in both cases a very slight fall of rotation with time occurred. In 
no case, however, was the fall sufficiently great to render it likely that 
we should obtain any really useful results by studying the effect of 
agents on the change, and although several experiments were made 
which appeared to indicate that both acids and bases accelerate the 
change, we do not feel justified in placing any reliance on them. 

The sodium derivative, ONa*CH:CPh:CO,°C,,H,).—The ester is 
rapidly dissolved by alkali hydroxides with the formation of an opal- 
escent liquid, from which the ester is reprecipitated on addition of 
acetic acid. If the alkaline solution is too concentrated, much hydr- 
olysis occurs, and menthol is formed in considerable amount. How- 
ever, it is possible to precipitate the sodium derivative of the ester 
from its aqueous solution by the addition of strong, aqueous, ice-cold 
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sodium hydroxide, when it appears in the form of thin plates with a 
pearly lustre, and may be crystallised from a mixture of benzene and 
absolute alcohol. It may also be obtained by adding sodium in the 
form of thin sheets or wire to an ethereal solution of the ester. On 
analysis : 


0°4168 gave 0°880 Na,SO,. Na=6'8. 
C,,H,,O, Na requires Na =7°1 per cent. 


The copper derivative, Cu(O*°CH:CPh-CO,°C,,H,,),.—This is formed 
when a solution of copper acetate in water is added to a dilute alcoholic 
solution of the ester, and is precipitated in the form of a green oil 
which slowly solidifies. It is readily soluble in light petroleum, benz- 
ene, carbon disulphide, or ethyl acetate, separating from ‘hese on 
evaporation as a gum; it is less readily soluble in methyl or ethyl 
alcohol, and crystallises from the former in green needles or prisms 
which melt and decompose at 92—95°. When the crystals are ex- 
amined in polarised light, they show varying angles of extinction ; 
their double refraction is weak. On analysis: 


19701 gave 0:2410 CuO. Cu=9°7. 
(C,,H,,0,),Cu requires Cu = 9-4 per cent. 


The acetyl derivative, O0Ac*CH:CPh:CO,°C,,H,., made by warming 


the ester with pure acetyl chloride on the water-bath for a short 
time, crystallised slowly from dry ether; these crystals were freed 
from adherent oily matter by being spread on porous earthenware and 
recrystallised from methyl alcohol. On analysis: 


0:2122 gave 0°5687 CO, and 0:1591 H,O. C=73:1; H=8°3. 
C,,H,,0, requires C= 73'2; H=8'1 per cent. 


The compound is readily soluble in most of the usual organic media 
with the exception of light petroleum, in which it is rather more 
sparingly dissolved. It separates from methyl alcohol in fine needles 
melting at 51—52°; it solidifies very slowly on cooling to a mass of 
long needles. 

The crystals, in polarised light, show straight extinction ; the double 
refraction is strong, and the directions of greatest elasticity and length 
are coincident. The compound is insoluble in dilute alkalis and is 
slowly hydrolysed by these on boiling; when it is heated with strong 
sulphuric acid, the odours of acetic acid and menthene are given off. 

The benzoyl derivative, OBz-CH:CPh:CO,°C,,H,o, is precipitated as 
an oil when the aqueous solution of the sodium derivative of the ester 
is shaken with benzoyl chloride. It showed no tendency to solidify, 
even when left for several weeks or when distilled in a vacuum, and 
then differs from the corresponding ethyl ester, which solidifies when 
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subjected to this treatment. It gave the following results on 
analysis : 


0°3132 gave 0°8794 CO, and 0:2161 H,O. C=765; H=7°6. 
C.,H 3,0, requires C=76'8; H=7°4 per cent. 


The phenylcarbamate, NHPh*CO-:O-CH:CPh°CO,°C,,H,).—When 
phenylcarbimide is added to the finely powdered ester, no noticeable 
development of heat occurs ; the solid slowly dissolves, and in a few 
hours a clear liquid is obtained if excess of the reagent is employed. 
If molecular proportions of the two materials are used, the whole 
finally sets to a semi-solid mass, which may be washed with a little 
light petroleum, spread on porous earthenware, and finally crystallised 
several times from ethyl acetate. On analysis: 


0:2825 gave 0°7658 CO, and 0°1872 H,O. C=739; H=7°4. 
C,,H,,0,N requires C=74°1 ; H=7-4 per cent. 


The compound is sparingly soluble in chloroform, carbon tetra- 
chloride, benzene, or light petroleum, and somewhat sparingly so in 
methyl alcohol ; it dissolves readily, however, in ethyl acetate or 
warm ethyl alcohol. It crystallises fairly well from ethyl acetate 
and melts somewhat indefinitely at 235—-237° when slowly heated. 
The crystals are small needles and in polarised light show straight 


extinction ; the directions of greatest elasticity and length are at 
right angles. When melted on a glass slip beneath a cover glass, it 
solidifies completely to masses of long needles making up broad patches 
with aggregate extinction. 

Action of Hydroxylamine and of Hydrazine on Menthyl Formylphenyl- 
acetate—Numerous attempts to prepare the pure oxime were made. 
When an alcoholic solution of the ester is mixed with a strong 
aqueous solution of hydroxylamine, or when aqueous solutions of the 
sodium derivative of the ester and hydroxylamine hydrochloride are 
mixed, a viscid, colourless oil separates at once; this oil has the 
general properties of an oxime, being somewhat soluble both in dilute 
acid and dilute alkali, but all attempts to obtain it in a crystalline 
form were unsuccessful. Efforts to prepare crystalline hydrazones of 
the ester were equally unsuccessful ; when solutions of the ester in 
either alcohol or acetic acid were mixed with the acetate of hydrazine, 
phenylhydrazine, or p-nitrophenylhydrazine, or with the two latter in 
the free state, no precipitation occurred even when the mixtures were 
allowed to remain for some weeks. If the solutions containing phenyl- 
hydrazine were heated, a crystalline material separated which was 
collected ; it crystallised from acetic acid in small plates and melted 
at 196—198°, 

On heating the compound with strong alkalis or acids, no menthol 
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or menthene was liberated, and further investigation proved that 
the substance was identical with the dipherylpyrazolone which 
had been previously obtained by similar treatment of ethyl formyl- 
phenylacetate. 


Our thanks are due to the Research Fund Committee of the Chemical 
Society for a grant defraying most of the expense of this work. 
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CXLVII].—Optically Active Esters of B-Ketone and 
B-Aldehydic Acids. Part II. Menthyl Acetoacetate. 


By A. LapworrH and A. C. OsBorn Hann. 


In continuation of researches on the tautomerism of P-ketonic 
esters, the study of an optically active ester of acetoacetic acid was 
undertaken, as little is yet known as to the mode in which intercon- 
version of the enolic and ketonic forms of ethyl acetoacetate is brought 
about, for although it is already well established that bases in small 
quantities are effective in establishing equilibrium, the effect of acids 
has not been properly investigated. 

After a number of attempts had been made to obtain the menthyl 
ester from menthyl acetate by the action of metallic sodium—a 
method which was found to afford the desired compound only in small 
quantity—the action of menthol on the ethyl ester in presence of 
hydrogen chloride was tried. A preliminary experiment indicated 
that alcohol was evolved in considerable amount before the hydrogen 
chloride was introduced, and we afterwards prepared some quantity of 
menthyl acetoacetate by the action of heat on a mixture of meathol 
and ethyl acetoacetate, a method which afforded excellent results. 
Shortly afterwards, we found that Cuhn had obtained the compound 
by this process (Monatsh., 1900, 21, 200), but as he shortly after- 
wards notified that he had abandoned the work (Ber., 1900, 33, 734), 
with his concurrence we proceeded with the investigation. 

The ease with which the ester is prepared renders it possible to 
produce large quantities of it in a short time, and we propose to employ 
the compound as the starting point in the preparation of a number 
of other active compounds which may possess interest from various 
standpoints. 
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Cohn does not state that he had formed any definite opinion as to 
the constitution of the solid ester which is obtained by this process. 
We are disposed to believe that it must be the ketonic form, and for 
the following reasons, which, it must be admitted, are not altogether 
conclusive. 

The greater proportion of ethyl acetoacetate at the ordinary tempera- 
ture exists as the ketonic form’ (Trans., 1892, 61, 808). As a rule, 
compounds are stable in the enolic condition when they exhibit 
strongly acid properties, whereas the acidic properties of menthyl 
acetoacetate are exceeding weak, as is shown by the fact that it 
dissolves only very sparingly in cold alkalis, although these bring 
about equilibrium between the two forms very rapidly. Again, in the 
case of substituted acetoacetic esters, in which the substituent is not 
an acyl group, it is invariably the ketonic form which is the stable 
one. Lastly, there may be mentioned the behaviour of the compound 
towards ferric chloride, which indicates that the maximum quantity 
of enolic ester is not present at the first moment of dissolution in a 
solvent. 

Menthyl acetoacetate exhibits mutarotation in non-oxygenated 
solvents, the change occurring with a speed which renders it easy 
to study the effects of agents with advantage. 

It is interesting to observe that hitherto only those types of com- 
pounds which have been shown by independent chemical or physical 
methods to exhibit desmotropy or isodynamic isomerism possess the 
property of mutarotation, a fact which serves to support Lowry’s con- 
clusion (Trans., 1899, '75, 213) that the two phenomena are very 
closely related. Thus the compounds in which mutarotation has 
hitherto been observed with certainty are the aldoses and pentoses, 
nitro- and z-bromonitro-camphor, nitrocamphane, a-benzoylcamphor, 
camphorquinonephenylhydrazone, and menthyl acetoacetate, and in all 
these cases there is every reason to believe that isodynamic change 
is the cause. In the case of many other active menthy] esters obtained 
from the formylacetate and acetoacetate, no observable change of 
rotation occurs, and this was to be expected, as there is no sufficient 
reason to suppose them capable of desmotropic change, although in 
some instances their constitutions are capable of two modes of 
representation, differing only in the position of a hydrogen atom. 

The most striking feature of the mutarotation of menthyl aceto- 
acetate is the fact that traces of acids as well as of bases accelerate 
the change. The significance of this observation is referred to else- 
where (p. 1513) and need not again be discussed. 

Menthyl acetoacetate has apparently all the chemical characters of 
the ethyl ester, but exhibits certain qualitative differences, inasmuch as 
its reactions are more sluggish, requiring in most cases much longer 
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Cohn does not state that he had formed any definite opinion as to 
the constitution of the solid ester which is obtained by this process. 
We are disposed to believe that it must be the ketonic form, and for 
the following reasons, which, it must be admitted, are not altogether 
conclusive. 

The greater proportion of ethyl acetoacetate at the ordinary tempera- 
ture exists as the ketonic form’ (Trans., 1892, 61, 808). As a rule, 
compounds are stable in the enolic condition when they exhibit 
strongly acid properties, whereas the acidic properties of menthyl 
acetoacetate are exceeding weak, as is shown by the fact that it 
dissolves only very sparingly in cold alkalis, although these bring 
about equilibrium between the two forms very rapidly. Again, in the 
case of substituted acetoacetic esters, in which the substituent is not 
an acyl group, it is invariably the ketonic form which is the stable 
one. Lastly, there may be mentioned the behaviour of the compound 
towards ferric chloride, which indicates that the maximum quantity 
of enolic ester is not present at the first moment of dissolution in a 
solvent. 

Menthyl acetoacetate exhibits mutarotation in non-oxygenated 
solvents, the change occurring with a speed which renders it easy 
to study the effects of agents with advantage. 

It is interesting to observe that hitherto only those types of com- 
pounds which have been shown by independent chemical or physical 
methods to exhibit desmotropy or isodynamic isomerism possess the 
property of mutarotation, a fact which serves to support Lowry’s con- 
clusion (Trans., 1899, '75, 213) that the two phenomena are very 
closely related. Thus the compounds in which mutarotation has 
hitherto been observed with certainty are the aldoses and pentoses, 
nitro- and z-bromonitro-camphor, nitrocamphane, a-benzoylcamphor, 
camphorquinonephenylhydrazone, and menthy] acetoacetate, and in all 
these cases there is every reason to believe that isodynamic change 
is the cause. In the case of many other active menthy] esters obtained 
from the formylacetate and acetoacetate, no observable change of 
rotation occurs, and this was to be expected, as there is no sufficient 
reason to suppose them capable of desmotropic change, although in 
some instances their constitutions are capable of two modes of 
representation, differing only in the position of a hydrogen atom. 

The most striking feature of the mutarotation of menthyl aceto- 
acetate is the fact that traces of acids as well as of bases accelerate 
the change. The significance of this observation is referred to else- 
where (p. 1513) and need not again be discussed. 

Menthy] acetoacetate has apparently all the chemical characters of 
the ethyl ester, but exhibits certain qualitative differences, inasmuch as 
its reactions are more sluggish, requiring in most cases much longer 
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periods for their completion. A similar sluggishness is observed in the 
crystallising power of the higher substituted menthyl acetoacetates 
which we have recently obtained, for where the ethyl esters crystallise 
very readily, the menthyl esters tend to form jellies, or remain liquid 
for many weeks. 


EXPERIMENTAL. 


Preparation and Properties of Menthyl Acetoacetate.—Cohn (Monatsh., 
1900, 21, 200) heated ethyl acetoacetate with menthol in a reflux 
apparatus at about 150° for 5 hours, and finally fractionated the pro- 
duct by distillation under diminished pressure. We prefer to heat the 
materials in a Wurtz flask over an Argand burner, allowing the alcohol 
produced to distil off as soon as it is formed, and, when the action be- 
comes very slow, to boil off the unaltered menthol and ethyl acetoacetate 
under a pressure of about 15 mm., the distillation being interrupted 
when a thermometer immersed in the vapour indicates a temperature 
of about 160°. The residue is poured into a beaker, and on cooling it 
slowly sets to a nearly solid mass, which is ground into a paste, freed 
from most of the oily matter by the aid of the pump, and finally 
washed in the funnel with a very small quantity of ether. The pro- 
duct so obtained forms a white, crystalline mass. It may be recrystal- 
lised by dissolving it in dry ether and cooling the solution by a freezing 
mixture. A further quantity of the substance may be obtained from 
the lower boiling portions of the distillate and the attendant oil by 
refractionation or by conversion into the copper derivative. 

By very slow crystallisation, the ester may be obtained in the form 
of large, transparent prisms, in which, however, there is very little 
tendency to the development of good end faces. Through some of the 
larger faces, which are usually very bright, a biaxial figure of very 
small angle may be observed in convergent polarised light, emerging 
obliquely to the field ; the crystals appear to belong to the monoclinic 
system, in which case the bisectrix is in the plane of symmetry. The 
double refraction is positive in sign and weak. 

The melting point of the compound is given by Cohn as 30—32°, 
which is the melting point we have usually observed, but on one or 
two occasions we have noticed that a small quantity of the material in 
a thin-walled capillary tube remained for a considerable time at 
38—40° without melting, and if the temperature were raised somewhat 
rapidly, fusion did not occur until a temperature of 43—45° was 
reached. On cooling, no matter how long the material had been kept 
in the fused condition, rapid solidification always occurred, the whol 
setting to a mass of flat needles identical in crystalline character with 
the large prisms above described. 

The solid substance is probably the ketonic form of the ester, for 
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when it is dissolved in anhydrous ether, benzene, or chloroform, and a 
drop of an ethereal solution of ferric chloride is added, no marked 
coloration is developed unless the liquid is boiled or is allowed 
to remain for some time ; a coloration is at once developed in the cold, 
however, if a trace of an organic base, such as pyridine, is previously 
added. 

Solutions in alcohol, immediately after preparation, gave with ferric 
chloride a faint coloration which rapidly deepened, whilst if the 
solution had been allowed to remain for a few minutes in the cold the 
maximum colour appeared to be produced at once. A violet coloration 
is also produced when a drop of alcohol is added to the nearly 
colourless solution of the ester in benzene or ether containing ferric 
chloride. In fact, the phenomena observed were very similar to those 
which we had noticed in the case of menthyl formylphenylacetate, and, 
as in that case, all attempts to prepare the desmotropic form of the 
ester were unsuccessful. 

The specific rotation of the compound was determined in several 
solvents. In 1:5 per cent. solution in absolute alcohol, it had [a], 
-—68°5°. In ethyl acetate, its rotation at 1:5 per cent. concentration 
was [a], —59°8°, and remained constant. In these liquids, no very 
marked alteration of the specific rotation with time was noticed. 

Menthyl acetoacetate exhibits the phenomenon of mutarotation in 
non-oxygenated solvents in a much more marked manner than does the 
formylphenylacetate. The change, moreover, appears to be much more 
rapid, and the velocity is greatly affected by the presence of catalytic 
agents, and varies considerably with the degree of purity of the 
solvent. In the cases cited below, we have employed media which 
have been subjected to careful purification. 

In chloroform, an initial rotation of about [a]p) — 68°5° was observed, 
and in the course of some hours this had attained a constant value of 
—70°7°. In light petroleum, the rotation was initially [a], 65:1°, and 
rapidly reached a maximum value of —74°4°. In benzene, with which 
we have made most of our experiments, the rotation changed from 
about [a], —61°5° to —67:4° or —68°4° for concentrations between 1 
and 2 per cent., the duration of measurable change varying from 20 
minutes to 2 hours, depending, no doubt, on the purity of the 
specimen of solvent used. 

The effect of catalytic agents on the change could be conveniently 
studied in this instance, and we made numerous experiments on the 
point. The mode of procedure was similar to that adopted in the case 
of camphorquinonehydrazone (this vol., p. 1517), a series of readings 
with three or more tubes containing the same solution being made 
simultaneously in every case. 

It was observed that, as usual, traces of all bases, including even 
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weak tertiary bases, increase the velocity of change, and that traces of 
acids produce a similar effect. The acids tried included acetic, trichloro- 
acetic, benzoic, salicyclic, and crotonic acids, and were found to be 
effective even in minute quantities, particularly so in the case of the 
strongest one—trichloroacetic acid. 

In this instance, too, it was found that marked acceleration was 
produced even by such weak bases as the monobromo- and mononitro- 
anilines, although the effect was distinctly smaller than when more 
powerful bases were used in equivalent quantities. The effects of 
various other substances soluble in benzene were also examined, but 
hitherto only those compounds the effect of which might be ascribed 
to acidic or basic properties have been found effective when added in 
minute amount: certain compounds, such as alcohol, produce very 
marked acceleration, but only when present in comparatively large 
quantities, 

As an instance of the sensitiveness of the compound toward acids, 
it may be mentioned that in one experiment four tubes were filled 
with the same solution of the ester in benzene; the initial rates of 
change of rotation in each were measured and found to be nearly the 
same. Into two of these tubes traces of trichloroacetic acid were 
introduced by touching a moist crystal of the acid with a platinum wire 
which was then dipped into the solutions. In the case of the two 
unopened tubes, the mutarotation continued to be observable for more 
than an hour, whilst in the two others the maximum rotation was 
reached in less than ten minutes. 


Derivatives of Menthyl Acetoacetate. 


With the exception of the copper compound, the metallic derivatives 
of the ester have not been obtained in characteristic forms. The com- 
pounds obtained by the action of amines and hydrazines on menthyl 
acetoacetate are, as a rule, easily isolated in a crystalline form. 
The phenylhydrazide has already been described by Cohn (Ber., 1900, 
33, 735.) 

The copper derivative, (C,,H,,0,),Cu, is precipitated as an oil on 
adding copper acetate dissolved in twenty times its weight of water 
to an alcoholic solution of the ester. When left in contact with the 
alccholic liquid, it slowly becomes crystalline, and was purified by 
crystallisation from hot alcohol. It separates almost completely from 
cold 90 per cent. ethyl alcohol in dark green, transparent prisms, 
which contain alcohol of crystallisation ; the latter is gradually lost 
when the substance is exposed to the air, the compound then forming 
a bluish-green powder. When heated rapidly, the crystals soften at 
78—80°, but do not melt below 106°; the dry substance, on the 


1504 LAPWORTH AND HANN: OPTICALLY ACTIVE ESTERS OF 


other hand, melts sharply at 117—118° and slowly decomposes. On 
analysis : 


0°8139 gave 0:1173 CuO. Cu=11°5. 
(C,,H.,0,),Cu requires Cu=11 6 per cent. 


The semicarbazide, NH,*CO-N,H,*C(CH,):CH-CO,°C,,H,,, was made 
by adding semicarbazide hydrochloride dissolved in a little water to a 
solution of the ester in alcohol; on warming gently, the product 
separated rapidly asa paste of glistening, flat needles, and was crystal- 
lised from hot alcohol. On analysis: 


0:1985 gave 0:4423 CO, and 01635 H,O. C=60-'7; H=9'1. 
C,,H,,0O,N, requires C=60°6 ; H=9-0 per cent. 


It dissolves readily in benzene, acetone, ethyl acetate, or hot alcohol, 
somewhat less readily in ether, and is nearly insoluble in light petrol- 
eum. Itcrystallises from alcohol in small, flat needles, from ether in 
elongated plates, and melts at 143—-144°. A 1°5 per cent. solution in 
benzene had the rotation [a], — 56°1° and no mutarotation was 
observed. 

The crystals from ether are usually four-sided, rhomboidal plates, 
and on these the extinction directions in polarised light are inclined 
at varying angles to the longer sides ; they frequently show a biaxial 
interference figure, the optic axis emerging nearly perpendicular to 
the field. 

The p-nitrophenylhydrazide, NO,.*CgH,°*N,H,°C(CH,):CH:CO,°C,,H,,, 
was prepared by heating together the requisite quantities of the ester 
and p-nitrophenylhydrazine in alcoholic solution for several hours on 
the water-bath and precipitating the product with water. The oily 
product, which did not show any sign of crystallising after some days, 
was fractionally extracted with cold light petroleum, when a consider- 
able proportion was obtained, on evaporation of the solvent, in a 
crystalline form. It was purified by recrystallisation from alcohol: 


0:2275 gave 0°5320 CO, and 0:1626 H,O. C=63:°8; H=7°9. 
CoH. 0,N, requires C= 64:0; H=7°7 per cent. 


The hydrazide is readily soluble in warm alcohol and most of the 
usual media, but is only sparingly dissolved by light petroleum and 
is insoluble in water. It melts at 105—106°. 

A solution of 0°3533 gram in 25 c.c. of benzene gave [a], — 42°5°, 
no mutarotation being observable, even after addition of an acid or 
a base. 

The crystals from alcohol are transparent, brownish-yellow prisms 
or pyramids. When melted on a microscope slide beneath a cover- 
glass, the substance solidifies very slowly on cooling, forming small, 
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flat, isolated, four-sided plates, in which the extinction in polarised 
light is parallel to the smaller pair of sides. When the crystals are 
crushed and examined in convergent polarised light, many fragments 
show a biaxial interference figure of wide angle. The double refraction 
is unusually strong. 

Menthyl B-Aminoecrotonate, NH,*O(CH,):CH:CO,°C,,H,..— When 
ammonia is passed into menthyl acetoacetate at a temperature slightly 
above the melting point of the ester, it is only very slowly absorbed, 
and even after some days the action does not appear to be complete. 
If, however, a small quantity of ammonium acetate is introduced into 
the liquid, reaction occurs much more quickly, globules of water 
separate, and the whole finally sets to a semi-solid mass. In order to 
purify the product, it was spread on porous earthenware and then 
erystallised from hot alcohol. On analysis : 


02006 gave 0°5179 CO, and 01906 H,O. C=704; H=10°6, 
C,,H,,0,N, requires C= 70°3 ; H=10°5 per cent. © 


The compound dissolves fairly readily in most of the usual organic 
media and separates from alcohol on spontaneous evaporation in large, 
brilliant, transparent prisms, with one good plane of cleavage. It 
melts at 88—89°, and after solidification melts once more at the same 
temperature. 

A benzene solution containing 0°3895 gram of the substance in 25 
c.c. of benzene was examined ; this gave [a], — 105°2°, and no altera- 
tion of this value was observed. 

Small, elongated crystals of the compound are sometimes obtained ; 
these have straight extinction in polarised light, the directions of 
greatest length and elasticity being parallel, Crushed fragments of 
the crystals examined in convergent light frequently show a biaxial 
interference figure of moderate angle ; this figure is probably that 
corresponding with the acute bisectrix ; the dispersion is strong, the 
angle for red light being greater than that for blue. 

Menthyl B-Benzylaminocrotonate, 

C,H,°CH,*NH°O(CH,):CH’C0,°C,, Ho. 

—A mixture of menthyl acetoacetate and benzylamine in molecular pro- 
portion was warmed gently until the solid had disappeared and was 
then allowed to remain at the ordinary temperature for some time. 
A milkiness, due to separation of water, soon became noticeable and 
at the end of six hours the whole was solid. The mass was dissolved 
in a little hot absolute alcohol and the crystalline separation purified 
by recrystallisation from absolute alcohol. On analysis: 


02006 gave 0°5638 CO, and 0:1732 H,O. C=76'7; H=9°6 
C,,H,,0,N requires C= 76°6 ; H=%4 per cent. 
VOL. LXXXI. 5 I 
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The substance dissolves readily in benzene, chloroform, carbon tetra- 
chloride, ethyl acetate, acetone, or light petroleum, but is less readily 
dissolved by methyl or ethyl alcohol. It separates from hot absolute 
alcohol in flat needles and melts at 85—86°. <A solution containing 
0°4032 gram in 25 c.c, of benzene gave [a]) —59°8° and this value 
remained constant. 

The crystals are elongated rectangular plates or flat needles, which 
show straight extinction in polarised light ; the directions of greatest 
length and elasticity are parallel. 

Menthyl B-Anilinocrotonate, O,H,*NH*C(CH,):CH:CO,'C,,Hy9.— 
This compound was made by the interaction of aniline and menthyl 
acetoacetate in molecular proportion in the cold; the action is 
complete in 24 hours, and the product, which is somewhat oily, may 
be drained on porous earthenware and finally crystallised several times 
from methyl alcohol. On analysis: 


02022 gave 0:5670 CO, and 01679 H,O. C=765; H=9°2. 
C,,H,,0,N requires C= 76°2; H=9-2 per cent. 


It dissolves somewhat readily in most of the usual organic media 
and separates from methyl alcohol or absolute ethyl alcohol in thin 
plates or flat needles. It melts sharply at 89—90°, and after solidifica- 
tion fuses once more at the same temperature. A solution containing 
0:4045 gram in 25 .c. in benzene gave [a], —98'2°, and this value 


> aan Ae 


remained constant. 
The crystals from absolute alcohol are usually flat, rectangular plates 
which probably belong to the monoclinic system ; in polarised light, the I 
extinction is straight and the directions of greatest length and elasticity U 
are parallel. In convergent polarised light, the obtuse bisectrix of a d 
bixial interference figure emerges through the larger face at an angle t 
inclined to the perpendicular; the axial plane is coincident with the u 
plane of symmetry and the double refraction is moderately strong and t) 
negative in sign. When the substance is melted on a glass slide 
| beneath the cover-slip, it solidifies very slowly as the temperature falls, 
to masses of large, irregular plates identical in character with those 
| above described. 
Action of Acid Chlorides on Menthyl Acetoacetate and its Metallic | p 
Derivatives.—Acetyl chloride acts slowly on the ester, hydrogen | oe 
chloride being evolved, but nothing of definite character could be tl 


isolated from the product ; when, instead of the ester, the sodium or 
copper derivative is used, very rapid action occurs, but from the pro- th 
duct nothing but the copper compound of the unaltered ester could be 
isolated. Unsatisfactory results were also obtained when attempts 
were made to prepare the O-acetyl derivative from the ester by treat- 
ment with a mixture of acetyl chloride and pyridine by Claisen’s method. 
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More definite results were obtained by acting with benzoyl chloride 
on the sodium derivative of the ester suspended in ether. The action, 
which was apparently a slow one, was completed by the aid of heat and 
it should be mentioned that, even after several days’ heating on the 
water-bath, no deposit of sodium chloride was observed, although the 
odour of the benzoyl chloride had entirely disappeared ; we are un- 
able to offer any explanation of the fact. The ethereal solution was 
finally shaken with ice-cold water to remove sodium chloride and was 
then extracted repeatedly with a solution of sodium carbonate. On 
evaporation, the residual ethereal solution gave an oil which resisted 
all attempts at purification. From the sodium carbonate solution, 
however, an oil was deposited on acidification ; this was dissolved in 
alcohol and the solution treated with aqueous copper acetate, when a 
copious deposit of an insoluble copper derivative was obtained. 

The copper compound crystallised from hot ethyl acetate in slender 
needles of a greenish-blue colour. On analysis : 


0°5053 gave 0°0527 CuO. Cu=8r4. 
(C,,H,,0,), Cu requires Cu= 8-4 per cent. 


The substance is sparingly soluble in alcohol or cold ethyl acetate 
or acetone, but dissolves somewhat readily in cold chloroform or 
benzene. When heated slowly, it darkens at 210--215° and melts and 
decomposes at 226°, but if heated suddenly to 230° it melts some 
degrees above this point. 

In order to obtain the free ester, the copper compound was sus- 
pended in purified ether and shaken with dilute hydrochloric acid 
until the crystals had disappeared ; on evaporation of the washed and 
dried ethereal solution, a substance, which formed a very thick oil at 
the ordinary temperature was obtained. This decomposed when distilled 
under the lowest pressures which we were able to obtain, and was 
therefore dried at 100° and analysed : 


0°2375 gave 0°6358 CO, and 0°1802 H,O. C=73°0; H=8°4. 
C,,H,,0, requires C= 73°2 ; H =8:1 per cent. 


The compound has therefore the composition, as well as the general 
properties of menthyl benzoylacetoacetate, COMe*CHBz:CO,°C,,H,9, 
and is, in all probability, a mixture of the enolic and ketonic forms of 
that substance ; its alcoholic solution gave a deep brownish-purple 
solution with ethereal ferric chloride. A 25 per cent. solution of 
the compound in benzene gave [a], —44'3° and this value remained 
constant during a week. 

In order to prove that a benzoyl group was present in the substance, 
it was oxidised with boiling alkaline permanganate solution and a con- 
siderable quantity of benzoic acid was obtained ; during the oxidation, a 
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powerful odour of menthol was observed. That the acetyl group was 
still present as well as the benzoyl group was evident from the strongly 
acidic properties of the compound, which dissolved readily in sodium 
carbonate solution. 

Menthyl acetoacetate reacts only slowly, if at all, with phenyl- 
carbimide ; a mixture of 1 mol. of the latter with 2 mols. of the 
former remained unaltered in appearance during several months, and 
even after further heating on the water-bath retained the odour of 
the carbimide. 

The bromo-derivatives of the ester do not crystallise readily, nor do 
they appear to afford crystalline copper derivatives. The products 
obtained by the action of 1, 2 or 3 mols. of bromine on the ester 
were carefully examined, but in all cases they remained oily and 
afforded oily copper derivatives ; no better results were obtained on 
attempting to prepare the y-bromo-deriyatives. 

The products obtained by the action of aldehydes and of diazonium 
compounds on the ester are at present under examination. We pro- 
pose also to extend this study of optically active esters to active esters 
of other B-ketonic and f-aldehydic acids, and also to derivatives of 
menthy! cyanoacetate. 


In conclusion, we desire to express our thanks to the Research Fund 
Committee of the Chemical Society for a grant defraying much of the 
cost of this work. 
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CXLIX.—The Mutarotation of Camphorquinonehydr- 


azone and Mechanism of Simple Desmotropic Change. 


By Artur LapwortH and A. ©. Osporn Hann. 


Or the various types of isomeric change, that which involves a 
change of position of one hydrogen atom only, as in a simple desmo- 
tropic change, would, for various reasons, appear to be the most 
simple, and probably the most easy to investigate. . 

We do not intend to review the many important contributions 
already made to this subject, in particular since such a course would 
involve, for the most part, a repetition of much with which Lowry has 
somewhat recently dealt in his suggestive paper on mutarotation and 
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reversible isodynamic change (Trans., 1899, '75, 211), but a brief 
reference to some views which have already been advanced appears 
desirable. 

Perhaps the theory most commonly used with regard to the mechan- 
ism of reversible desmotropic transformations is that which assumes 
an alternate addition and elimination of the elements of water or of 
some other hydrogen compound in the following way : 


OH 
OH 
NHMe, + :0=C-0H <> :CH -C<SN® <> :0H - G=0+NHMe,. 


H,0+:0=C-0H <> :CH-O<5 <> :CH-C0=0+H,0 or 


Lowry (Trans., 1899, '75, 221) has assumed that in the acceleration 
which is almost invariably effected by bases the first change con- 
sists in the formation, in the case of a nitro-compound, of a salt of 
the zso-form, in this way : 


NaOEt + :-CH:-NO, —> ‘C:NO-ONa + HOEt, 


and that the interaction of this compound with water or alcohol leads, 
on the one hand, to the free iso-form, and on the other, to the free 
normal form of the nitro-compound. This view possesses distinct ad- 
vantages over the foregoing one, but appears to disregard certain very 
important points. 

Laar’s theory (Ber., 1885, 18, 648), which involves the conception 
of a free hydrogen atom vibrating continuously between the two 
different positions of attachment, was not put forward to explain the 
occurrence of desmotropic change, and, in fact, the reasons for its 
advancement can no longer be said to exist. It need not, therefore, 
be taken into consideration at present, although it bears a superficial 
resemblance to certain views which appear later in this paper. 

An altogether different view of the change of enols into ketones 
has been advanced by Briihl (5er., 1899, 32,2329), who has found 
that the velocity of the conversion of ethyl mesityloxideoxalate from 
the enolic into the ketonic form is closely related to the dielectric 
constant of the medium, and in such a manner as to support his 
prediction that the influence of the medium would be found to be a 
function of its ionising power. Briihl’s view of the change may be 
expressed briefly as follows, The enols are hydroxylic substances, 
weak acids, and electrolytes, and dissociate into hydrogen ions and a 


residue !C:C-O-; these residues have a tendency to reunite with 
hydrogen ions to form a non-ionised compound of a ketonie type, 
:CH-0=0. 

This view, if correct, contains, we venture to believe, the elements 
of a real explanation, lending itself to experiment and development in 
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a way which the others can scarcely be said to do, and provides, more- 
over, a2 means of ascertaining what is the probable part played by 
traces of catalytic agents in accelerating the velocity of change. 

Although it may always remain a matter of opinion whether the 
presence of catalytic agents is absolutely essential in effecting changes 
which, in their absence, do not progress with measurable velocities, 
it is generally recognised that it is difficult to overestimate the im- 
portance which may be attached to their influence, as Armstrong in 
particular has repeatedly insisted. It appears, therefore, not unlikely 
that a study of the influence of traces of different agents in accelerat- 
ing or retarding a change may be found to serve as one of the most 
satisfactory bases on which to form useful views of the mechanism of 
the change. 

Briihl’s view, as above stated, is, however, by no means complete, 
as in many cases the enolic forms do not become completely converted 
into the ketonic forms, although the latter have no measurable 
conductivity, but in solution a state of equilibrium between measurable 
amounts of the two forms is finally reached. 

From the standpoint of a theory of isomeric change which involves 
the assumption of ionisation, there can scarcely be chosen a more 
suitable case of change for investigation than that in which the 
migrating part is a hydrogen atom, since there can be little or no 
doubt with regard to the charge of the migratory ion, whereas in 
the majority of other cases this difficulty is a very real one. 

Assuming, then, the broad principles of Briihl’s suggestion as 
altogether reasonable, it is at least worth while endeavouring to 
discover to what they may lead. 

With respect to the transformation of the ketone to the enol, the 
condition of equilibrium between isodynamic forms is not disturbed 
-by the presence of traces of impurities, a statement which is supported 
both by thermodynamic principles and by direct experiment, even 
though the impurities may be present in amount sufficient to acceler- 
ate very greatly the velocity with which the position of equilibrium 
is attained (compare Lowry, loc. cit., 222, 243). Hence any agent 
which affects the velocity of either change must affect the reverse 
one in the same manner, and in the case under consideration it 
seems difficult to avoid the conclusion that in the change of ketone 
to enol the same type of process must go on under any set of 
conditions as in the reverse one, that is to say that these compounds 
are also ionised to a minute, although quite immeasurable, extent, 
affording hydrogen ions. We thus arrive at a view similar in a 
sense to those of Thiele (Annalen, 1899, 306, 114), Henrich (Ber., 
1898, 31, 2103), and others who regard the hydrogen of the group 
X=Y-ZH as “directly replaceable,’ and Vorlainder has pointed 
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out that the grouping mentioned is characteristic of acids (Ber., 
- 1901, 34, 1633). 

It must therefore be inferred from Briihl’s view that the mutual 
and spontaneous interconversion is to be represented as the result of 
the processes 


4- 
X=Y-ZH <> X=Y-Z+H <>» XH-Y=Z; 


but it would appear from this that the velocity of change should be 
simply dependent on the number of times per second that the hydrogen 
ions come in contact with the negative ions or “residues.” This 
would be proportional both to the concentration of the hydrogen ions 
and to that of the negative ions, and therefore to the product of these 
concentrations. 

This product, however, in any solvent, bears a constant ratio 
to the concentration of the undissociated part of the substance, 
hence the addition of a trace of an agent which only altered this 
ratio, as, for example, an acid or a base, should produce no marked 
alteration of the velocity. Or, representing the concentration of the 
individuals in the above scheme in order as ¢,, Cy, ¢g, c, and the 
velocities as k,, k’,, k’,, ka, we have 


, d U 


hence the rate of change from, say, undissociated enol to ketone is 
de , ) 
. — = 09¢g(ko—h,) +0k', — 0k’, , 
that is to say, a velocity which is of the same’order as that of the 
ionisation, and therefore for an enol of measurable conductivity (where 
at least we are probably justified in assuming a practically instantaneous 
ionisation) very great. Again, addition of a small quantity of an acid 
or base does not alter c,c,, and produces no appreciable effect on 
c, or ¢,, the concentration of the undissociated parts of the enol and 
ketone. Further, in equilibrium we should have 


de ’ , t 
= = or CoCaky = ck, and CoC ako = Ck 3 


hence 2 = (E)\(2) = ns, or the ratio of the concentration of 
2 1 


c k 
the two forms wala be equal to the inverse ratio of their dissociation 
constants. Thus, when one form is a conductor and the other is not, 
the former would not be present in appreciable amount, a result which 
is altogether at variance with what is known of the facts, Some 
other time factor must therefore be involved, probably small in com- 


1512 LAPWORTH AND HANN: 


parison with those above considered, and it seems obvious that this 
must be connected with the internal change of structure which the 
molecules undergo during mutual interconversion. In our opinion, 
this velocity is best introduced in accordance with the suggestion 
already made by one of us (Trans., 1901, '79, 1266) that the internal 
change takes place only in the ion, and simply results in a move- 
ment of the position of “free affinity.” Introducing this, we have the 
following scheme to represent the changes occurring : 


X:Y-ZH <> X:Y'Z-+H 
XIY°*Z - <> -X'Y:Z 
-X'Y:Z+H <> XH°Y:Z 
Here the velocity of change will be proportional to the absolute 
concentration of the organic ion and will of course be increased as 
the concentration of the hydrogen ions is diminished and vice versd, 
It is not difficult to show that it will be inversely proportional to the 
concentration of the hydrogen ions, and this is consistent with the 
properties of many organic compounds. 
Indicating the concentration of the second organic ion by c,; and 
the two new velocities introduced as k, and k’, respectively, we 
should have in equilibrium 


Col, 
a 


ky 


C35 , and Cy 
k, Cs 


Co hy _ (Fe ky 

a 
or, the ratio of the concentrations of the two forms is independent of 
the concentration of the hydrogen ions and therefore unaffected by 
catalytic agents, but is inversely proportional to the respective veloci- 
ties of internal rearrangement and also to the dissociation constants. 
It follows from the latter that where a measurable amount of conduct- 
ing enol is in equilibrium with an apparently non-conducting ketone, 
the ion of the latter is transformed into that of the former with a 
velocity which is very great in comparison with the reverse change. 
The conclusions to which the foregoing view leads are in accordance 
with the behaviour of certain isodynamic pairs of this kind. Thus, 
Lowry has found that the conversion of nitrocamphor into the iso- 
nitro-form is accelerated by bases but not by acids (Joc. cit., p. 221) ; 
he has not stated however, whether any retardation was observed, 
whereas we find that in the case of camphorquinonehydrazone it is 
apparently possible to arrest the isomeric change at any stage by the 
introduction of a trace of an acid. Moreover, it appears to be a very 
general rule that bases of all types accelerate the change, so that in 


C4 = 
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most cases the foregoing process may play an important part. Never- 
theless, there are other cases where, on the contrary, acids may 
accelerate the change. Thus, in converting dibenzoylmethane into 
the corresponding enolic form acids are used (Annalen, 1899, 308, 
219), and Forster found that formic acid was the most effective solvent 
in transforming enolic benzoyleamphor into the ketonic form (Trans. 
1901, '79, 997). These facts might possibly be explained rather as the 
result of the retarding influence of the acids on the mixture in a state 
of equilibrium preventing the reversion of the usually more unstable 
form as crystallisation occurred. No such ambiguity, however, exists 
in the case of menthyl acetoacetate which the authors have recently 
had under examination. Here a trace of an acid accelerates the 
change very greatly, hence it appears that in some cases at least a new 
factor must be taken into account. 

One of the authors has already suggested (Proc., 1901, 17, 95) that 
hydrogen ions may themselves cause the change by forming complex 
ions with the compounds: in other words, that the latter may act as 
feeble bases. In this case, as in the previous one, the process involves 
a structural change, and this change, as before, may be conventionally 
introduced by making the assumption that the organic ions in the two 
cases are not identical but are mutually interconvertible by a simple 
internal rearrangement. The imaginary process is easy to understand 


by reference to a model, but it is not so easy to represent as that in the 
previous case. However, it may be expressed as 
XH-Y=Z2+H <~> XH-Y-ZH 
XH -Y-—-ZH <> XH-+Y=ZH, 
XH-~+Y-ZH <> XY-ZH+H 


where the dot indicates the direction in which the “ free affinity ” of Y 
is temporarily disposed. 

Here, as before, the velocity of change will be proportional to the 
concentration of the organic ion if the ionisation velocities are very 
rapid in comparison with the speed of structural change, and there- 
fore proportional to the concentration of the hydrogen ions. 

It is thus possible that a desmotropic or tautomeric change may be 
the result of one or both of two superposed reactions, one due to ion- 
isation in the compound itself, accelerated by bases and retarded by 
acids and the other due to an additive phenomenon, accelerated by 
acids and retarded by bases. Both reactions in compounds which are 
not associated will be unimolecular in type where the concentration 
of the hydrogen ions does not vary, as will also be the velocity 
obtained by their superposition. That the two actions are different in 
kind appears to be shown by the fact that compounds which are not 
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very different in their susceptibility to bases may be altogether different 
in their behaviour towards acids. 

How far such views as these may bear the test of further investi- 
gation remains to be seen, but it will certainly be interesting to ascer- 
tain whether some isomeric changes of other types may not be explain- 
able by the aid of similar views. Clearly two types of catalytic 
agents at least may be sought for, one type acting by diminishing the 
concentration of ions representing the labile group without altogether 
removing it, the second increasing the concentration of these ions 
and effecting the change by a process which may be regarded as one 
of addition. 


EXPERIMENTAL. 
Desmotropic Forms of Camphorquinonehydrazone, 


Camphorquinonehydrazone may be prepared by two methods, 
namely, by the action of phenylhydrazine on camphorquinone or by 
the action of diazobenzene on camphorcarboxylic acid. Betti has 
found (Ber., 1899, 32, 1995) that the partially purified material ob- 
tained in the latter process melts indefinitely at temperatures varying 
between 154° and 165°, but when purified by crystallisation from hot 
alcohol or from benzene and petroleum at 178—180°. We have 
obtained exactly similar results when preparing the substance from 


camphorquinone and phenylhydrazine. The melting point of the 
most highly purified material obtained was about 180—181°, a melting 
point practically identical with that given by Betti. On analysis: 


0°2824 gave 0°7790 CO, and 0'2099 H,O. C=75:2; H=8:2. 
©, ,H,,ON, requires C=75°0; H=7°8 per cent. 


The substance obtained from alcohol and melting at 180—181° 
presents all the appearance of a uniform substance to the naked eye, and 
under the microscope is seen to consist entirely of small, well-defined 
plates which are apparently hemihedral in character, being usually 
pointed at one end and truncated at right angles to their length 
at the other; from some other solvents, as, for example, benzene, 
it frequently separates in well-formed, flattened prisms. There is, in 
fact, every reason for regarding the material as a simple substance, 
free from any appreciable quantity of a second compound. 

Under certain conditions specified by Betti (loc. cit., p. 1998), a 
mixture of two compounds is obtained, notably when the material is 
precipitated from alcohol by means of alkalis, or when the substance 
of high melting point is kept for a short time in a fused state. The 
product then usually melts at about 165°, and no longer presents the 
appearance of a pure compound, and the melting point is somewhat 
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indefinite. Similar mixtures are frequently deposited from hot 
benzene. Betti describes a third substance which separated when 
piperidine was added to the solution of the compound in benzene ; he 
states that it separates at once in small crystals and melts at 155°, and 
regards it as a uniform substance as it differs from either of the fore- 
going materials in affording no appreciable coloration with ferric 
chloride in benzene solution. It is in this particular alone that we 
have not been able to confirm Betti’s results, as we have not succeeded 
in isolating a uniform substance other than that melting at 180°, 
although we have obtained specimens of material which melted at 
temperatures not far removed from 155°. For various reasons, which 
will be indicated later, we believe that the process used by Betti and 
based on the mistaken view of Schiff (Ber., 1898, 31, 601), that 
piperidine favours the production of the ketonic form, would actually 
tend to be disastrous so far as the isolation of the usually more elusive 
member of such a desmotropic pair is concerned. 

As the substance meeting at 180°, when dissolved in dry benzene, 
gives a reddish coloration on addition of an ethereal solution of ferric 
chloride which is not noticed when the material of lowest melting 
point is employed, it would appear that there is no fault to be found 
with Betti’s conclusion that it probably represents the pure enolic form 
OEP 
the pure compound is used, although a small quantity of some un- 
known impurity occasionally renders it so; it is, in fact, easily 
masked by the yellow colour of the solution of the pure enol, or by 
that of the ferric chloride when this substance is used in too large 
amount. For these reasons we think that it is possible to attach undue 
importance to the apparent non-production of the coloration with the 
material of low melting point. 


This coloration, however, is never intense when 


Mutarotation of Camphorquinonehydrazone. 


As was to be expected, the hydrazone in certain solvents exhibits 
the phenomenon of mutarotation (Lowry, Trans., 1899, '75, 211), due, 
no doubt, to isodynamic change as in the other cases. It is unfor- 
tunate that many of our experiments lose some of their value as it 
was not possible to extend them to both of the pure desmotropic forms, 
but certain interesting conclusions may be safely drawn from them, 
and they have at least helped to render it certain that piperidine 
assists only in establishing equilibrium between the two forms, and 
does not favour the existence of either form, as Betti’s conclusion 
would appear to assume. 

Observations of the rotatory power of the compound in alcohol 
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showed that mutarotation could not be detected in this solvent, either 
when the pure enolic form or mixtures of low melting point were used; 
in both cases the rotation of | per cent. solutions immediately after 
making up was [a], +436° to +440°, hence it would seem that 
equilibrium is here attained very rapidly. In ethyl acetate, at 1 per 
cent. concentration, the iuitial rotation was [a], +405°, and fell 
rapidly to about + 380°. 

In benzene, which we have found to be the solvent in which the 
mutarotation is most easily followed, the initial rotation of the pure 
enolic form was about | a], + 320° to 325°, and fell slowly to values which 
varied widely with the concentration. When the original rotation ina 
2 dem. tube was 2°81°, it fell in less than two days to a constant value, 
2°62°, whilst when the rotation was initially 0°98° it fell to 0°53° in 
about the same time ; in an extreme case a solution having originally 
a rotation of 0°38° gave finally the number 0°13°. Thus the ratio of the 
initial and final rotation varies from about 11 in 0°5 per cent. solution 
to nearly 3 in 0°1 per cent. solution. 

We have noticed that, when the change is going on, the solution 
usually becomes darker in colour, but this is not invariably the case. 
Lowry has observed a somewhat similareffect with nitrocamphor (Trans, 
1899, '75, 2). It is unfortunate that it cannot be determined whether 
the curves represent uni- or bi-molecular changes, as it is impossible to 
calculate even approximately the actual proportion of ketone and enol 
present. In making up solutions in benzene, we met with considerable 
difficulty in determining the exact initial specific rotations, for owing 
to the fact that the material dissolved very slowly in cold liquids, 
attempts to bring weighed quantities rapidly and completely into 
solution were unsuccessful, so that by the time we were able to observe 
the rotation this had already fallen appreciably. 

We were therefore compelled to resort to the method of shaking the 
substance with the solvent for a short time, filtering from undissolved 
matter, and reading at once, afterwards estimating the amount dissolved 
by evaporating a known volume to dryness. Such a process, how- 
ever, was not very accurate, and also involved waste of carefully 
purified material. 

The somewhat remarkable variations of the final specific rotatory 
power of the solution with dilution would be explained if the enolic 
form were largely polymolecular in benzene solution, or if the specific 
rotatory power of the ketonic form varied greatly with the dilution. 
As a determination of the molecular weight of the enolic form in 
benzene by the cryoscopic method made as soon as possible after 
solution indicated that the solution had a normal molecular weight, 
the second view appeared to be the correct one, and received 
confirmation from the following facts. 
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A strong solution of the enolic form in benzene was left until it 
showed a constant rotation, which required about 40 hours. A 
measured portion of the solution was then diluted to a known bulk 
with benzene and the rotatory power of the resulting solution at once 
measured ; the number obtained was much lower than that calculated 
by multiplying the number for the original solution by the ratio of the 
concentrations in the two cases, and agreed fairly well with the number 
which had been obtained as the final rotatory power in a solution of 
similar concentration ; moreover, no mutarotation was noticed. Several 
experiments of this kind were made, and in every case similar results 
were obtained. It would therefore appear that the ratio of concentra- 
tion of the two forms when in equilibrium in benzene solution is nearly 
independent of the concentration. 

Having prepared various specimens of material of low melting 
point by various methods, including that recommended by Betti as 
leading to the production of the pure ketonic form, it was thought 
that an examination of their behaviour in benzene solution would 
finally decide the question whether they were really composed largely of 
the enolic form, for had this been the case there was every reason to 
believe that their rotation in benzene would have been lower than that 
of material which contained both forms in equilibrium, and that a rise 
with time would be observable. As a matter of fact, it was found in 
every case that in dilute solution a very considerable fall instead of a 
rise occurred, and we conclude that our materials, at least, have always 
contained a considerable proportion of the enolic form. 


Effect of Catalytic Agents on the Mutarotation. 


In determining how traces of catalytic agents affect the speed of 
change, no attempts were made to obtain solutions of known concentra- 
tion ; usually, about a gram of the pure hydrazone melting at 180° 
was shaken for a short time with 100 c.c. of benzene, and the solution 
filtered and distributed between several tubes. The initial velocities of 
mutarotation in the various tubes were determined by a series of 
observations with each. Traces of different materials were then 
introduced into some of the tubes and the subsequent rate of change 
determined as before. By plotting the results graphically, any sudden 
alterations could easily be detected, although this was usually un- 
necessary, the effect of the agents where they were efficient being at 
once obvious. 

(a) Effect of Bases.—It is well known that the hydroxides and 
ethoxides of sodium and potassium, and primary and secondary organic 
bases are usually effective in promoting the attainment of equilibrium 
between tautomeric forms, and in this case also traces of sodium 
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ethoxide, ammonia, aniline, and piperidine accelerate the change of 
rotation in benzene solution in a very marked manner; the nitro- 
anilines, in very small quantities, produced very little effect. When 
solutions in alcohol, which exhibited no mutarotation, were used, the 
agents did not appreciably alter the rotation, so that it seems fairly 
clear that equilibrium is reached almost immediately in this medium. 

It is frequently assumed that these bases act by a process of 
addition in the manner indicated in the introductory part of this 
paper ; experiments with a number of tertiary bases where addition 
in that sense is impossible were therefore undertaken, and it was 
found that these acted precisely as did the others, traces of 
trimethylamine, pyridine, strychnine, and brucine bringing about a 
great acceleration, although the amounts of the two alkaloids used 
were too small to be detected by the polarimeter. 

As was only to be expected, the final rotations of the solutions were 
always independent of the speed with which the change occurred and 
of the catalytic agent, the differences between the rotations of the 
same solution in two or more tubes being of an order which was not 
greater than that probably due to experimental error. 

(6) Effect of Acids.—It does not appear that any careful experiments 
on the influence of acids on the speed of tautomeric change have 
been made. As this point appears to us of the utmost importance in 
connection with the question of the mechanism of the change, we 
have devoted a considerable amount of attention to it. In -all 
instances we have found that the mutarotation is retarded by acids, 
whether these are present in mere traces or fairly large amounts ; 
moreover, there is a certain amount of evidence that the retardation 
is dependent on the strength of the acid: thus a set of tubes were 
filled with the same solution, and the curves of mutarotation traced 
by a number of readings and found to be very similar ; approximately 
equivalent quantities of acetic acid and of trichloroacetic acid were 
introduced into two of these by adding one drop of highly dilute 
equivalent solutions of the two acids in benzene, mixing, and taking a 
new set of readings. A very distinct retardation was noticed with 
the former, but in the case of the trichloroacetic acid the subsequent 
mutarotation was too slow to be detected during the course of ten 
days ; the solution containing acetic acid had by that time fallen to a 
constant value, whilst the solution which did not contain any impurity 
had shown a constant rotation after thirty hours. The apparently 
complete arrest which could be effected by a trace of a strong acid can 
most easily be shown by dipping a platinum wire into trichloroacetic 
acid, and then into a solution of the hydrazone contained in the 
observation tube. Small quantities of benzoic, salicylic, and several 
other acids produced similar effects, 
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It may be noted that by adding a trace of a base to the solution, 
the mutarotation of which has been arrested, it is possible, with care, 
to cause it to proceed slowly once more and to arrest it a second time. 


The final rotation of the solution is of course independent of this 
treatment. 


Conclusion. 


Betti found that the material melting at 155°, and which is supposed 
to be the pure ketonic form, could be recrystallised from benzene 
without change, providing that a trace of piperidine were present, 
Now it is clear from the above observations that bases bring about the 
equilibrium between the two forms, so that, even if Betti’s supposition 
were correct, it would seem that the presence of piperidine in the 
solution would not tend to preserve the ketonic form, but the reverse, 
and the presence of an acid rather than a base would probably be 
desirable. 

However, the following possibility still presents itself. Ina benzene 
solution of the two forms in equilibrium, the solution might be nearly 
concentrated for both, and on cooling a small quantity of either form 
alone might separate, when the equilibrium would be momentarily 
upset. In presence of a sufficient quantity of a base, the result would 
be the immediate formation and separation of more of this form, 
and so on, whilst in the absence of an accelerator, a mixture of both 
would naturally be obtained. The isolation of the pure ketonic form 
might thus depend on the initial accidental presence of a minute 
quantity of that form in the solid state, and it is possible that we 
have been unfortunate in this respect. Nevertheless, on carefully 
reviewing the whole of the evidence, we cannot but regard Betti’s 
conclusion as to the nature of the compound melting at 155° with 
much suspicion. 
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CL.—The Action of Sodamide and of Acyl-substituted 


Sodamides on Organic Esters. 


By Artuur WatsH TiTHertey, D.Se., Ph.D. 


THe marked reactivity of sodamide with most classes of compounds 
and the peculiar nature of the results in many cases has rendered 
the study of its behaviour with organic substances of considerable 
importance. The author has already shown (Trans., 1897, '71, 462) . 
that with substances containing the NH, or NH group, the hydrogen 
atom becomes replaced by sodium on treatment with sodamide if the 
‘neighbouring group possesses even only a very weak negative 
character, ammonia being at the same time produced. Thus all 
amides readily give rise to sodium derivatives of the type R-CO-NHNa 
or (R°CO),NNa, which are conveniently looked upon as substituted 
(acyl) sodamides. The behaviour of the latter, and of sodamide 
itself, with alkyl and acyl haloids, as well as with potassium alkyl 
sulphates, has already been described (loc. cit.). 

The behaviour of sodamide with ester, when first examined, 
presented some anomalous features which made it clear that esters 
of the aliphatic or phenyl aliphatic acids behaved differently from 
those of true aromatic acids like ethyl benzoate. It was found that 
the former, owing to the enolic tendency present in the grouping 
-CH,°CO-, reacted with sodamide, giving rise, with formation of 
ammonia, to condensation products similar to those obtained by means 
of sodium ethoxide. 

When the interaction of sodamide and an ester was carried out 
carefully in the cold in presence of pure, dry benzene, there was at 
first practically no evolution of ammonia; a white, insoluble, flocculent 
powder, however, slowly separated which was very unstable and 
readily evolved the gas. This solid, which appears to be formed as 
an intermediate product in all the ester reactions, is probably an 

JOR 
additive compound containing the group ae es but owing to 
ONa 


its instability, no reliable means of ascertaining its nature could be 
obtained by analysis or otherwise. Such intermediate products were 
formed in the case, for example, of the action of sodamide on esters of 
acetic, oxalic, and benzoic acids, but by allowing the action to proceed 
further, results of a very different kind were obtained in these three 
typical instances. 

Before attempting to elucidate the general nature of the reaction 
between sodamide and the group -CO-OR, the behaviour of this 
substance with simple ketonic compounds was studied. Acetone was 
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selected for the purpose, but, like the aliphatic ketones generally, it was 
found to behave quite differently from purely aromatic ketones; thus 
whilst it reacts with sodamide with great energy in benzene solution, 
benzophenone under similar circumstances is quite unaffected. Here, 
as with aliphatic esters, the enolic tendency in acetone, and not the 
simple CO group, is responsible for the action. The change is almost 
entirely one of condensation, and the ultimate result of whatever 
reactions occur is the withdrawal of the elements of water, which at 
once decomposes more sodamide, liberating ammonia. Mesityl oxide, 
phorone, and isophorone are the chief products formed. 

The interaction of sodamide and ethyl acetate, which was chosen for 
study as a typical ester, was examined under a variety of conditions, 
but in all cases it was evident that the chemical change could not be 
confined to a simple action between the carbethoxyl group and 
sodamide. When the ester is allowed to act in well-diluted benzene 
solution on finely powdered sodamide, the whole being kept cool, a 
white, flocculent precipitate is formed, which is very unstable, readily 
giving off ammonia, and is presumably an additive product as already 
conjectured. If the mixture is allowed to stand, or is warmed, 
a vigorous action sets inand a white or yellowish-white solid separates. 
This. solid is essentially ethyl sodacetoacetate, from which it appears 
that the ultimate action of sodamide is similar to that of sodium 
ethoxide. The action may be expressed thus: 


2CH,*CO,Et + 2NaNH, = CH,*C(ONa):CH-CO,Et + 2NH, + NaOEt. 


A small quantity of sodium acetamide and a considerable quantity 
of sodium acetate are also formed owing to secondary reactions. 

The production of sodium acetate is not easy to explain. With all 
esters the action of which with sodamide has been examined, it has 
been found that the group CO-OR b2comes CO-ONa to a greater or 
less extent (as a bye-product), even when moisture is rigidly excluded. 
There can be no doubt that the sodium ethoxide formed as one of the 
products of all these reactions exerts a saponifying influence, even in 
presence of benzene. Geuther (Jahresber., 1868, 513) has shown that 
sodium ethoxide is readily capable of saponifying ethyl benzoate, 
forming sodium benzoate and ethyl ether, among’ other products, on 
heating. 

By the action of sodamide on esters of formic acid, large quantities 
of sodium formate are produced. This was observed with ethyl, butyl, 
and amyl formates, all of which react vigorously, giving off ammonia 
even when well cooled or diluted with benzene. Sodium formamide 
and formate are formed in large quantities as thick, white, solid 
products. One of the changes which occurs is therefore simply 


HCO-OR + 2NaNH, = HCO-NHNa + NaOR + NH,. 


» 
4 


VOL. LXXXI 5 K 


1522 TITHERLEY: THE ACTION OF SODAMIDE AND OF 


No evidence whatever could be obtained of the replacement of the 
hydrogen atom in these formic esters by sodium giving derivatives of 
the type Na-CO-OR (compare Freer and Sherman, Amer. Chem. J., 
1896, 18, 7). 

As the behaviour of ethyl acetate and other fatty esters threw no 
light on the nature of the action between the carbethoxyl group 
itself and sodamide, ethyl benzoate was selected as a convenient ester 
for this purpose. Its action with sodamide is much less vigorous, and 
in benzene solution in the cold the formation of the white, flocculent 
additive compound is very slow indeed. When the mixture is gently 
warmed, ammonia is gradually disengaged and a white, gelatinous 
solid separates, which slowly turns yellow and consists essentially of 
sodium benzamide and sodium ethoxide, but also contains sodium 
benzoate, the relative proportions of these products varying with the 
proportions of ethyl benzoate and sodamide taken. 

Similar observations, made with other ethyl esters in which there 
was no enolic tendency, serve to show that, under suitable conditions, 
the carbethoxyl group reacts with sodamide, yielding acyl-substituted 
sodamides according to the general equation : 


R:CO-OEt + 2NaNH, = R:CO‘NHNa + NaOEt + NH,. 


Pheny] esters, on the other hand, appear to behave quite differently. 
As yet, only the action of phenyl acetate and of phenyl benzoate on 
sodamide has been studied. The former behaves like the ethyl ester, 
but the latter has an entirely different action, for instead of sodium 
benzamide, which is not formed, sodium dibenzamide is obtained in 
large quantity along with sodium phenoxide and ammonia. The 
action, moreover, is completed more quickly and is attended with 
practically none of the secondary decompositions which occur during 
experiments with the ethyl ester. The change may be expressed 
thus : 


Pi-cO.0Ph + H>NNa = (Ph-CO),NNe + 2PhOH. 


It is far more probable, however, that the reaction occurs in two 
stages ; in the first of these, an intermediate additive compound is 
formed, which in the second is almost immediately acted on by a mol. 
of the ester. The phenol formed at once liberates ammonia from the 
sodamide present : 


NaNH, /OPh 
Ph-CO-OPh > ~~ H, + PhO-CO-Ph —> 
ONa 


Ph*C(ONa):N-COPh + 2PhOH. 


fo. 
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In this equation, the sodium compound, derived from the tautomeric 
form of dibenzamide, is represented as the product, as its stability in 
aqueous solution suggests the hydroxy-structure, free dibenzamide 
being a non-dissociated, perfectly neutral substance, like the pseudo- 
acids of Hantzsch. 

On similar lines, the production of sodium benzamide in the ethyl 
ester experiments probably occurs through the removal of a mol. of 
alcoho! from the additive compound 


/ Okt TH 
Ph:C— NH, —> Ph:C + EtOH, 
Non? <oNa 


in which the sodium derivative of the iminohydroxy-compound results. 
It has, however, not been found possible to prove this (see Trans., 1901, 


79, 407). 


When the action of potassium alkylsulphates on sodium dibenz- 
amide, prepared from sodium ethoxide and dibenzamide in presence 
of alcohol, was examined, the results were found to be anomalous, 
as the expected alkyl derivative, (C;H,-CO),NR, was not obtained. 
Primary acyl sodamides readily allow replacement of sodium by 
an alkyl group under these conditions, as has been already pointed 
out (Trans., 1901, 79, 400). From among the products of the 
reaction between sodium dibenzamide and potassium ethylsulphate, 
three substances were isolated, namely, benzamide, benzethylamide, and 
ethyl benzoate, but no ethyl dibenzamide. A small quantity of 
benzonitrile was also formed, and when the sodium dibenzamide was 
prepared from sodamide (that is, in absence of alcohol), the nitrile and 
ester were the chief products. The reaction in the latter case can be 
expressed by the equation 


0,H,*CO : 
CH § ogo NNa + O,H,;K‘S0, —> 


C,H,*CO-00,H, + O,H,ON + NaKSsOo, 


As this behaviour is very curious, the experiments were repeated under 
varying conditions. In one set, potassium ethylsulphate and sodium 
dibenzamide, in molecular proportion were dissolved in the minimum 
quantity of alcohol, and after removal of the bulk of the latter the 
mixture was carefully heated and distilled, whereby a yellowish oil was 
obtained. From this oil, some needles of dibenzamide separated, and 
after removing these and fractionating, a liquid boiling between 190° 
and 215° came over, from which ethyl benzoate and some benzonitrile 
were isolated. At higher temperatures, an oil came over, boiling 
between 290° and 300°, which, on standing, mostly solidified in the 
form of rectangular plates; these, after recrystallisation, melted at 


5 K 2 
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69:5° and consisted of benzethylamide, O,H,*CO-NH-C,H,. Some benz- 
amide was also isolated. 

On repeating this experiment, without distilling but simply heating 
in a bath at 200°, and afterwards treating the mass with water and 
extracting with ether, a much larger quantity of benzamide was 
obtained. Only a little benzethylamide was apparently formed in 
this case, and in neither experiment could any ethyldibenzamide, 
(C,H,°CO),N-C.H,, be isolated. 

Similar results were obtained in experiments in which potassium 
methylsulphate was used. 

Lastly, the action of potassium ethylsulphate on sodium diacetamide 
was examined, the latter being prepared from sodium ethoxide and 
diacetamide in alcoholic solution. After removal of the alcohol, the 
mixture was gently heated and distilled. The distillate, on fractiona- 
tion, gave essentially two products, one boiling at about 80°, which 
was ethyl acetate (with a little acetonitrile), and the other, boiling at 
222°, as an oil which quickly set to a crystalline mass of acetamide, 
melting after recrystallisation at 81°. There was no indication of the 
formation of ethyldiacetamide. 

The cause of these abnormal] relations was traced to the influence of 
the alcohol present, although, as previously shown (loc. cit.), it does 
not interfere in the action between potassium alkylsulphates and the 
sodium derivatives of primary amides. In the case of secondary 
amides, on the other hand, such as dibenzamide, it appeared on investi- 
gation that their sodium derivatives, although perfectly stable in 
alcoholic, and usually even in aqueous, solution, suffer a change on heat- 
ing with alcohol at about 160°, which may be represented by the 
reversible system : 

C,H,;*CO 


C'H-Cu>NNa+C,H,-OH = 0,H,CO-NHNa+0,H,-C0-00,H,, 


The change is probably much more complex in reality and is 
occasioned by the presence of sodium ethoxide which, to some smull 
extent, must be present in equilibrium with sodium dibenzamide in an 
alcoholic solution of this substance. : 

If sodium ethoxide dissolved in alcohol is treated with dibenzamide 
in about equivalent proportion, the latter dissolves on warming, forming 
a clear solution of the sodium derivative. This solution remains clear 
for some time, but on keeping hot it suddenly gelatinises to a white, 
semi-solid mass, If a portion of the latter be now treated with water, 
benzamide (in very small quantity) remains insoluble, although 
previously the sodium dibenzamide was completely soluble in that 
liquid. At the same time, there is . distinct odour of ethyl benzoate 
noticeable. As yet, however, the action is very incomplete, and at 
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higher temperatures it proceeds sufficiently far to give a large quantity 
of benzamide. At the same time, much undecomposed sodium dibenz- 
amide remains, and if there has been an excess of sodium ethoxide the 
ester formed is mostly saponified, giving sodium benzoate. The change 
may be represented thus: 


(C,H,-CO),NNa + EtOH + EtONa —> 


Et 
O,H,-CO-NHNa + 0,H,-CCOEt. 
Nona 
Jkt 
OsHy-CC OEE —>  0,H,"00-ONa + Et,0. 
a 


These changes at once account for the peculiar observations made in 
the potassium alkylsulphate experiments. The benzethylamide, ob- 
tained in the experiments with sodium dibenzamide, is a product of 
a secondary reaction between the alkylsulphate and the sodium benz- 
amide which is formed. 

The peculiar reversible nature of the reaction between alcohol and 
sodium dibenzamide led to a study of the conditions under which the 
opposite reaction takes place, and in general of the nature of the 
interaction between organic esters and sodium derivatives of primary 
amides. It was found that the reaction 


'. . ", . RC . 
R'-CO-OR + R’-CO-NHNa —> j.co>NNa + R-OH 


is general, except with derivatives containing the radicle -CH,*CO- in 
the groups R’*CO- and R’CO- (for example, aliphatic or phenyl aliphatic 
esters). Thus, in the aromatic series, by -heating an acyl-substituted 
sodamide with an ester, a general change may be brought about between 
the groups -CO-NHNa and -CO-OR, in which R’OH is eliminated 
and a magma obtained consisting largely of the sodium derivative 
-CO:NNa:CO-, from which the secondary amide may be prepared. 
Dibenzamide, for instance, may easily be obtained in this way from 
ethyl benzoate and sodium benzamide, and in a limited sense the 
reaction may be employed as a general method of synthesis of secondary 
amides. Two new mixed derivatives, R*CO-NH-COR’, were thus 
obtained in putting the method to a trial. 

The mechanism of the reaction is apparently very simple and (as- 
suming the sodium compounds to have the tautomeric structure) may 
be represented thus : 


Na 
RCSNH _R-OH 
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To illustrate the difference exercised by the CH,*CO group, reference 
may be made to the action of sodium acetamide on ethyl benzoate, in 
which benzamide and dibenzamide are obtained in molecular proportion. 

This reaction may be expressed : 


20H,*CO-NHNa + 30,H,:CO-OEt = (C,H,*CO),NNa + 
C,H,-CO-NH, + 2CH,°CO,Et + NaOEt, 


but it is difficult to explain why it should take this course. The first 
step is possibly to be represented thus: 


CH,-CO:NHNa + (,H,*CO-OEt — C,H,-CO-NHNa + CH,:CO,Et, 


the formation of sodium dibenzamide being due to a secondary action 
between the ethyl benzoate and sodium benzamide, 


EXPERIMENTAL. 
Sodamide and Acetone.* 


Pure acetone, prepared from the bisulphite compound and dried 
with anhydrous calcium chloride, was used. In one experiment, 10 
grams of finely powdered sodamide were covered with benzene, and 
treated with 20 grams of acetone mixed with 50 grams of benzene, 
this mixture being added in small portions. An immediate reaction 
set in, with steady evolution of ammonia and formation of a gelatinous, 
yellowish solid. This, which rapidly turned red when exposed to air, 
was found to consist mostly of the sodium derivatives of the enolic 
forms of several condensation products. At the close of the reaction, 
which was completed by warming, the mass was treated with water 
and a reddish oil liberated, which was extracted by the benzene 
present and by fractionation resolved into atleast three different 
ketonic condensation products. The oil boiled between 100° and 220°, 
and by repeated fractionation a colourless oil was obtained boiling at 
130°, which was mesityl oxide; another was separated boiling at 
190—200°, which, although it did not solidify, showed the properties of 
phorone ; but the chief portion boiled at 217—220° and came over as 
a pale yellow oil, volatile with steam, and having a strong, camphor- 
like odour. This substance, on analysis, was found to have the 
composition C,H,,0, and therefore is isomeric with phorone : 


0°1357 gave 0°3890 CO, and 0°1247 H,O. C=78:18; H=10°16. 
C,H,,0 requires C= 78:18 ; H=10°14 per cent. 
Further investigation of the oil showed its properties to be identical 


* Since this paper was written, Freund and Speyer (Ber., 1902, 35, 2321) have 
published an account of the action of sodamide on acetone and on ethyl acetate. 
Their observations agree with mine, —A, W.T. 
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with those of isophorone. It was not further examined, since it has 
already been investigated by Knoevenagel (Chem. Centr., 1897, ii, 698), 
Kerp and Miiller (Annalen, 1896, 290, 123), Bredt, and Riibel, and 
others, and its constitution placed beyond doubt. 


Sodamide and Ethyl Acetate. 


Thirty-two grams of ethyl acetate freed from alcohol and acid and 
mixed with 200 grams of benzene were added gradually to 14 grams 
of sodamide in a flask fitted with a reflux condenser. The mixture, 
which soon grew hot, was cooled and well shaken, and when the action 
had moderated, gently heated on the water-bath for about 5 hours, 
during which ammonia was steadily evolved. On subsequent treatment 
with acetic acid, an oil was obtained from the benzene extract which 
boiled at 100—105° under 84 mm., and at 181° under 760 mm. 
pressure, and was identical in every respect with ethyl acetoacetate. 
The yield of the latter is not so great as that obtained in the 
preparation from sodium and ethyl acetate, and this is due to several 
secondary changes occurring, notably those in which sodium acetamide 
and sodium acetate are formed. The gas evolved contained no ethyl- 
amine or ethylene, and was found to consist entirely of ammonia, 


Sodamide and Ethyl Benzoate. 


- As already mentioned, the results obtained in carrying out thig 
reaction varied with the proportion of ester and sodamide used. In 
one set of experiments, 2 mols. of sodamide and 1 mol. of ethyl 
benzoate were taken, the ester being dissolved in twice its weight of 
benzene. The action was allowed to proceed quickly by warming 
gently for about 6 hours. At the end of that time practically all the 
sodamide had disappeared (provided it had been very finely ground) 
and no more ammonia was evolved. The thick, semi-solid mass was 
drained on the pup, washed with benzene to remove small quantities 
of undecomposed ester, and dried in a vacuum, It contained a large 
quantity of sodium benzamide and sodium ethoxide, and when treated 
carefully with ice-cold water, a thick, brownish solid was precipitated, 
consisting of impure benzamide, which after one or two recrystallisa- 
tions was obtained pure and melted at 128°. The yield varied between 
30 and 40 per cent. of that required by theory, the ultimate reaction 
being expressed by the equation : 


0,H,CO-00,H, + 2NaNH, = 0,H,-CO'NHNa + 0,H,-ONa + NH,. 


Sodium benzoate was always obtained as a bye-product in these 
reactions, the relative amount being increased by using large quantities 


1528 TITHERLEY: THE ACTION OF SODAMIDE AND OF 


of sodamide. No sodium dibenzamide was formed in those experiments 
where benzene was present as a menstruum (compare the action of 
phenyl! benzoate on sodamide in presence of benzene, infra) ; but when 
benzene was absent and higher temperatures were employed, it was 
found that sodium dibenzamide was formed by a secondary change 
taking place between the ester and sodium benzamide (p. 1530). 


Sodamide and Phenyl Benzoate. 


In the absence of benzene, the action between sodamide and phenyl 
benzoate is much more energetic than that between sodamide and 
the ethyl ester under similar circumstances; much more dilute 
benzene solutions of the phenyl ester were therefore employed in 
studying its behaviour with sodamide. Under these conditions, in 
the cold, a white, flocculent powder is formed slowly, at first without 
evolution of ammonia, but on allowing the mixture to stand the latter 
commences to be formed, and on warming is rapidly liberated. In 
one experiment, 5 grams of pure phenyl benzoate (m. p. 69°), dissolved in 
20 grams of benzene, and 2 grams of finely powdered sodamide were 
taken. After heating the whole for two hours, the action was 
complete, and the contents of the flask formed a thick, white magma. 
This was found to be a mixture of sodiwm dibenzamide and phenoxide, 
and to contain no sodium benzamide. No trace of aniline was formed. 

The benzene, which was removed by draining hot on the pump, left 
no appreciable residue on evaporation, and the white solid remaining 
after removal of the benzene was completely soluble in water, and in 
alcohol, giving a strongly alkaline solution of a slightly yellow colour. 
The aqueous solution, on exposure to atmospheric carbon dioxide, 
slowly deposited dibenzamide in clusters of long needles. The latter 
was obtained from the aqueous solution by treating it with a current 
of carbon dioxide after diluting it sufficiently to prevent precipitation of 
phenol from the sodium phenoxide present. A thick, semi-solid mass 
of fine, white needles was thrown out, which after recrystallisation 
from alcohol separated in thick prisms melting at fis’. The yield of 
dibenzamide was 64 per cent. of that required by theory. 

The filtrate from the dibenzamide contained only a little sodium 
benzoate and a large quantity of phenol, which was recovered in 
almost theoretical amount. 

An easier method of isolating dibenzamide from the aqueous alkaline 
solution is to acidify with acetic acid, after diluting, and digest the 
crystalline precipitate after washing, with aqueous sodium carbonate 
to remove the benzoic acid present. 
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Sodamide and Ethyl Oxalate. 


The necessary precautions were taken to ensure freedom of the ester 
from traces of acid and alcohol. When mixed with sodamide in the 
absence of a diluent, the action is very vigorous. If the sodamide is 
moistened with a little benzene and the two are mixed in a mortar 
and triturated together, there is an energetic evolution of ammonia, 
the whole grows very hot, and a yellowish-grey, friable solid is formed. 
If, on the other hand, the ester is well diluted with benzene, there is 
no reaction until the flask is gently warmed, and then a thick, white, 
flocculent powder begins to separate, without any appreciable evolu- 
tion of ammonia, until towards the end of the reaction if the tempera- 
ture is well regulated. The change which occurs is very similar to 
that observed in the case of ethyl benzoate so far as one carbethoxyl 
group is concerned, inasmuch as it ultimately becomes the amide group- 
ing. The second group becomes CO-ONa, thus resembling the formation 
of sodium benzoate. The final product obtainable, after treatment with 
water, is sodium oxamate, but a small quantity of oxamide is also 
formed as might be expected. 

In one experiment, equivalent quantities of sodamide (2 mols.) and 
ester (1 mol.) were taken, the latter being dissolved in ten times its 
weight of benzene, and after heating on the water-bath until ammonia 
ceased to be evolved, the greyish-white, gelatinous solid was filtered off 
hot. The benzene filtrate, on cooling, deposited a jelly identical with 
the undissolved solid, which (as the author has frequently observed 
among many sodamide derivatives) is quite appreciably soluble in 
benzene, The gelatinous solid was only sparingly soluble in alcohol, 
although readily so in water, except for a small quantity of undis- 
solved oxamide. A portion which had been dissolved in alcohol gave, 
with alcoholic silver nitrate, a deep orange precipitate darkening on 
standing, characteristic of amides in which a hydrogen atom is replaced 
by sodium (compare Trans., 1901, '79, 409). Treatment with water im- 
mediately converted the gelatinous solid into sodium oxamate, and on 
adding to the filtered strong aqueous solution one and a half volumes 
of alcohol the pure sodium salt was precipitated as a thick, white, 
gelatinous mass. The yield of oxamate was very satisfactory. No 
oxamethane could be isolated. 


The action of sodamide on benzimino-ethyl ether was examined 
concurrently with that on esters. In presence of benzene, no action 
occurs at first, but after a short time the mixture grows warm and 
the sodamide rapidly disappears, while ammonia is steadily evolved 
and sodium ethoxide separates as a white, gelatinous solid. If this is 
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filtered off on the pump and the benzene distilled off from the filtrate, 
benzonitrile remains as a pale yellow oil. Apparently an additive 
compound is not formed, the elements of ethyl alcohol being simply 
removed from the ether thus: Ph:O(NH)-OEt = Ph:CN + EtOH. 


Sodium Benzamide and Ethyl Benzoate. 


Several attempts were made to bring about condensation between 
free benzamide and ethyl benzoate: that is, to eliminate alcohol and 
form dibenzamide, but the results were negative. On the other hand, 
in presence of sodium or sodium ethoxide in sufficient quantity, 
condensation at once takes place at about 180°; or if sodium ben;z- 
amide (separately prepared from benzamide and sodamide) is heated 
with the ester, condensation takes place similarly and sodium 
dibenzamide results. 

The conditions necessary are best indicated by the following de- 
scription of an experiment. Powdered sodamide (1 mol.) was 
suspended in benzene and treated with benzamide (1 mol.) and ethyl 
benzoate (about 1} mols.), and the mixture heated until a thick, white 
mass of sodium benzamide was formed and most of the ammonia 
expelled. The benzene was then driven off and the mixture heated 
at 200—215° in a flask provided with an air condenser. The contents, 
which liquefied and boiled, were kept at this temperature for 15 minutes, 
whereby a viscid liquid was obtained, which, on cooling, set to a trans- 
lucent solid. This consisted of sodium dibenzamide with unchanged 
ester and sodium benzamide. It was treated with warm water, and 
when completely disintegrated was made ice cold, and filtered from 
the soft mixture of ester and benzamide. The filtrate, which was 
turbid and strongly alkaline and contained sodium dibenzamide, 
was now carefully treated with acetic acid until nearly neutral 
and a white turbidity began to form. The acid was then added 
cautiously drop by drop, with shaking between each addition, until 
all the dibenzamide was precipitated. In this way, it came down as 
fine needles, in the form of a very bulky precipitate making a white, 
semi-solid froth. (If the neutralisation is not carefully performed, the 
dibenzamide comes down impure as an oily precipitate, solidifying and 
clogging into lumps.) In order to remove ‘benzoic acid, which was 
usually present, the whole was rendered just alkaline with sodium 
carbonate, allowed to stand for half-an-hour, filtered, and washed 
on the pump. The product was white, melted at 145—147°, and 
after once recrystallising from alcohol was pure, melting at 149°. The 
yield (on the benzamide taken and using an excess of ester) was only 
a little short of the theoretical, but in experiments where less ethyl 
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benzoate was taken, or other conditions were not carefully regulated, 
it was much smaller : 


0°1235 gave 6:9 c.c. moist nitrogen at 19° and 768°5 mm. N=6°45. 
C,,H,,0,N requires N = 6°22 per cent. 


Sodium Acetamide and Ethyl Benzoate. 


The result of the change which takes place between these substances 
was quite unexpected, and there was no formation of sodium acetyl- 
benzamide. The action was tried under several conditions, both in 
presence and in absence of alcohol. In the former case, acetamide was 
treated with sodium ethoxide in alcoholic solution and then with ethyl 
benzoate. A jelly formed which was heated first to remove alcohol, 
and then, as in the sodium benzamide experiments, at 200°, at which 
temperature a reaction set in with production of ethyl acetate in large 
quantity. On cooling and treating the product with water, a con- 
siderable bulk remained insoluble, consisting of benzamide (m. p. 127°) 
and unchanged ethyl benzoate. The portion soluble in water contained 
sodium dibenzamide, and gave with acid a large quantity of a white, 
oily precipitate, quickly becoming solid and crystalline. From this, a 
small quantity of benzoic acid was removed with sodium carbonate, 
and the dibenzamide was recrystallised from alcohol. The yield was 


good, and the proportion to benzamide approximately molecular. 

Precisely similar results were obtained when the pure crystalline 
sodium acetamide obtained from sodamide was used, alcohol being 
excluded. 


Sodium Benzamide and Ethyl Acetate. 


Here also there is no formation of sodium acetylbenzamide. The 
experiments were carried out in sealed tubes at fairly high tempera- 
‘tures. The sodium benzamide was first prepared in the tube from 
sodamide and benzamide intimately -mixed while dry and then 
moistened with a little benzene and heated in a water-bath until 
ammonia ceased to be evolved. After cooling, pure ethyl acetate in 
excess (2 mols.) was added, and the tube, after sealing, heated at 170° 
for 3 hours. At the end of this time, the contents, which were 
brownish, were treated with water. A light layer of oil floated on 
top, which contained ethyl acetate, benzamide, and ethyl benzoate. 
The aqueous portion was washed with ether to remove traces of these 
substances, freed from ether, and then acidified with hydrogen 
chloride. A dirty, oily precipitate was obtained which contained 
ethyl acetoacetate and apparently some dibenzamide, but no acetyl- 
benzamide. 

Sodium benzamide and phenyl acetate at 190° gave similar results, 
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The action between fatty esters in general and acyl sodamides is com- 
plicated, owing to the latter exerting a condensing influence, like 
sodium ethoxide, and to secondary changes. 

Similar results were obtained in the reaction between sodium benz- 
amide and ethyl phenylacetate, C,H,*CH,*CO,Et, which was carried out 
at 200—230°. Dibenzamide, and not benzylbenzamide (which was 
looked for), was the chief product obtained, owing to secondary 
changes. The reaction was not further investigated. 

The mixed secondary amides, hippurylbenzamide, and salicylbenz- 
amide, which have not previously been described, were readily obtained 
in the following way. 


Sodium Benzamide and Ethyl Hippurate. Hippurylbenzamide, 
C,H,*CO-NH-CH,:CO-NH-CO-C,H,. 


The reaction proceeds normally, but must be carried out with great 
caution at the lowest possible temperatures. If the mixture of ester and 
sodium benzamide be taken in small quantity only, it may be heated 
at about 150° for a very short time and quickly cooled down again, 
but if larger quantities be used and it is necessary to heat for several 
minutes, the mass slowly becomes yellow and finally dark red. On 
cooling, a hard, brittle, transparent product is obtained, from which 
only a very small quantity, or none, of the mixed amide can be 
isolated, owing to its sodium derivative, which is unstable, having 
suffered decomposition. In several experiments, the results were 
negative even at so low a temperature as 125°. The best results were 
obtained as follows. 

Benzamide and sodamide were converted into sodium benzamide, to 
one molecular equivalent of which 14 mols. of ethyl hippurate were 
added, the two being well mixed in an open glass beaker and just 
moistened with a little benzene. The mixture was heated very’ 
cautiously at a temperature not exceeding 100—110° (at which a re- 
action quickly sets in) for as short a time as possible, and only until 
the semi-liquid mass became homogeneous, this being assisted by 
stirring with a thermometer. No discoloration occurred. The pro- 
duct was cooled, forming a soft magma, which was then treated with 
ice-cold water and extracted once or twice with benzene to remove un- . 
changed amide and ester. The aqueous portion was filtered and 
cautiously acidified with hydrogen chloride, whereby an oily turbidity 
quickly solidifying to a mass of nearly white needles was thrown out. 
These were washed with sodium carbonate to remove any hippuric 
acid present, and recrystallised from alcohol. In this way, hippuryl- 
benzamide was obtained as white clusters of long, silky needles melt- 
ing at 179°: 
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0:0984 gave 8°6 c.c. moist nitrogen at 22° and 762mm. N=9°92. 
C,,H,,0,N, requires N = 9°93 per cent. 


Hippury!benzamide is sparingly soluble in cold, but readily so in hot, 
alcohol. It is insoluble in sodium carbonate solution, but readily 
soluble in sodium hydroxide. This aqueous solution of its sodium 
derivative, on acidifying, at once gives a milkiness, immediately 
changing to a voluminous precipitate of white needles. 


Sodium Benzamide and Methyl Salicylate. Salicylbenzamide, 
OH:C,H,*CO*NH-CO-C,H,. 


The sodium benzamide (1 mol.), prepared from sodamide as usual, 
was mixed with the ester (1} mols.) and heated at about 170° until the 
fused mass became homogeneous. After cooling, the product was 
treated with water, the unchanged amide and ester removed by filtra- 
tion, and the aqueous portion acidified with hydrochloric acid, when a 
thick, white, milky oil was precipitated which quickly solidified to 
crystalline lumps. These were removed, drained on a porous plate, 
and crystallised from alcohol. Fine prisms separated of pure salicyl- 
benzamide melting at 122°: 


01012 gave 5:1 c.c. moist nitrogen at 23° and 759 mm. N=5°67. 
C,,H,,0,N requires N =5°80 per cent. 


Salicylbenzamide is soluble in not water, from which, on cooling and 
long standing, it separates as long, thick prisms. It is slowly soluble 
in aqueous sodium carbonate (compare dibenzamide), but much more 
readily so in sodium hydroxide, forming the disodium derivative, from 
which it is precipitated as needles on the addition of an acid. 
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CLI.—3 : 5-Dichloro-o-xylene and 3 : 5-Dichloro-o- 
phthalic Acid. 


By ArtHur WILLIAM CrossLey and Henry Ronpex Le Sueur. 


In a recent communication to the Society (Trans., 1902, 81, 827), it 
was shown that when phosphorus pentachloride acts on dimethyldi- 
hydroresorcin, there is obtained about 80 per cent. of the theoretical 
quantity of 3:'5-dichloro-1 : 1-dimethyl-A*‘*dihydrobenzene (I), to- 
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gether with a small quantity of a substance of higher boiling point, 
which has since been proved to consist of 3 : 5-dichloro-o-xylene (II). 


H=CCl C(CH,):CCl 
I. (CH,),CH. IL. CH, O< OOH eC o> CH. 

It would appear that this substance is a normal product of the 
action of phosphorus pentachloride on dimethyldihydroresorcin, the 
amount obtainable being influenced, first, by the presence of excess of 
the pentachloride, and second, by the length of time during which the 
mixture is heated. When pure dichlorodimethyldihydrobenzene is 
heated with excess of phosphorus pentachloride in chloroform solution, 
it is almost completely transformed into dichloro-o-xylene. The posi- 
tion of the chlorine atoms in this substance is doubtless the same as in 
dichlorodimethyldihydrobenzene, namely, 3:5, and this is confirmed 
by the numbers obtained for the magnetic rotation; it may also 
be mentioned that when 3 : 5-dichlorodihydrobenzene, 

H=CCl 
CH<on.-ocl7CH, 
is treated with phosphorus pentachloride it is converted into 3: 5-di- 
chlorobenzene (details not yet published). 

The conversion of the hydroaromatic into the aromatic dichloride 
necessitates, however, the wandering of a methyl group, and the main 
point to be decided was the position taken up by this group. This is 
readily shown to be the ortho-position, for on oxidation with nitric 
acid the dichloroxylene is converted into a dichlorophthalic acid, 
C(CO,H)-CCl> py 


CO,HC< oH 0¢) 


which, as it gives the fluorescein reaction and also a characteristic 
anhydride, can only be 3 : 5-dichloro-o-phthalic acid. 


EXPERIMENTAL. 


The accumulated fractions of high boiling point (b. p. above 100° 
under 23 mm. pressure), obtained by the action of phosphorus penta- 
chloride on dimethyldihydroresorcin, were distilled in a vacuum, when 
after the third distillation nearly the whole passed over at 128—129° 
under 23 mm. pressure. This substance gave the following numbers 
on analysis : 


0°1330 gave 0°2648 CO, and 0:0566 H,O, C=54:30; H=4-73. 
0°2266 required 0°4346 AgNO,. Cl=40°05. 
C,H,Cl, requires C=54'85 ; H=4°57 ; Cl=40°57 per cent. 


3 :5-Dichloro-o-aylene is a faintly yellow, highly refractive liquid 
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with a slight aromatic odour. It boils at 129° under 23 mm. or at 
226° under the ordinary pressure, and on cooling solidifies to a mass 
of flaky needles which melt at 3—4°. Unlike dichlorodimethyldi- 
hydrobenzene, which does not solidify on cooling in a freezing mix- 
ture, it does not decolorise a solution of bromine in chloroform, or 
decompose on standing. 

Claus and Kautz (Ber., 1885, 18, 1368) have described a dichloro-o- 
xylene boiling at 227° and melting at 3°, but this substance cannot be 
identical with the above, as on oxidation (Claus and Groneweg, J. pr. 
Chem., 1891, [ii], 48, 252) it yields the entirely different 4 : 5-di- 
chloro-o-phthalic acid. 


Densities, Magnetic Rotation, and Refractive Values of Dichloro-o-xylene. 


The authors desire to express their thanks to Dr. W. H. Perkin, 
sen., for kindly determining the following physical data : 


Densities : d 4°/4° = 1°2472 ; d 15°/15°= 1:2374 ; d 25°/25°=1-°2301. 


Magnetic Rotation. 


t. Sp. rot. Mol. rot. 
15°1° 19614 15°411 


The influence of chlorine displacing hydrogen in this compound may 
be seen as follows : 


Mol. rot. 3 : 5-dichloro-o-xylene ............... 15-411 
ss o-xylene (Trans., 1896, 69, 1241)... 13°345 
Cl, displaces H, ............ 2/ 2-066 

Cl displaces H ............ 1033 


This amount is small, but is due to the position of the chlorine 
atoms (tbid., 1131), and the rotation is therefore confirmatory of the 
conclusion that the dichloro-o-xylene is a 3 : 5-derivative. 


Refractive Values. 


Density : 16°2°/4°= 1'23529. 


p-l 
Line t. Ma wml. er 
Plakecsinceries 16°2° 1°54492 0°44112 77197 
Hy... ..s2s000 16:2 1°56194 0°45491 79°608 
Hy... ..seseeee 16:2 1°57295 0°46380 81°168 


Dispersion: H,-H,=3°971. 


ee 
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Action of Phosphorus Pentachloride on Dichlorodimethyldihydrobenzene. 


Seven grams of dichlorodimethyldihydrobenzene were heated with 
20 grams of phosphorus pentachloride in chloroform solution for 
6 hours, during which time a small amount of hydrogen chloride was 
evolved. On working up the product in the usual way, 4 grams of a 
liquid were obtained boiling between 224° and 228° and possessing all 
the properties of 3 : 5-dichloro-o-xylene. 


Oxidation of 3 : 5-Dichloro-o-xylene to 3 :5-Dichloro-o-phthalic Acid. 


Sixteen grams of dichloroxylene were heated in quantities of 
2 grams at a time with 15 c.c. of dilute nitric acid (35 c.c. of acid in 
100 c.c. of water) in sealed tubes at 190—200° until the whole of the 
oil had disappeared. In some instances, on cooling, slender, white 
needles had separated, but in all cases the contents of the tubes were 
evaporated in a vacuum over caustic potash, when a solid residue of 18 
grams was obtained, which, although purified by repeated crystallisa- 
tion from water saturated with hydrogen chloride, did not melt 
sharply. It contracted slightly about 130°, partially sublimed, and 
finally melted at 164° with evolution of gas. 

The whole was therefore heated with excess of acetyl chloride for 
3 hours, the latter evaporated, and the solid residue purified by crys- 
tallisation from light petroleum and analysed : 


0°1718 gave 0°2768 CO, and 0°0198 H,O. C=43:94; H=1:28. 
0°1382 required 0'2153 AgNO,. Cl=32°53. 
©,H,0,Cl, requires C= 44:24; H=0°92; Cl=32°72 per cent. 


3 :5-Dichloro-o-phthalic anhydride is readily soluble in benzene, 
chloroform, or ether in the cold and crystallises from light petroleum 
(b. p. 80—100°) in radiating clusters of glistening needles melting at 
89°. When heated with resorcinol and a drop of sulphuric acid, and 
the residue dissolved in caustic soda and poured into water, a brilliant 
green, fluorescent solution is obtained. 

3 : 5-Dichloro-o-phthalic Acid.—The anhydride is insoluble in cold 
water, but on boiling it slowly dissolves to form a strongly acid solu- 
tion, which, on evaporation in a vacuum, yields the acid as a white 
solid. It crystallises from water saturated with hydrogen chloride in 
masses of hair-like needles melting at 164° with evolution of gas, and 
many degrees below the melting point there is slight contraction and 
sublimation. The acid is very readily soluble in the cold in water, 
alcohol, acetone, or ether, but not readily so in benzene or chloro- 
form even on boiling. It gives the fluorescein reaction, and, on heat- 
ing, sublimes in needles melting at 89° and consisting of the anhydride. 
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Characteristic is the insolubility of the acid ammonium salt, which is 
precipitated on adding a solution of the acid to a solution of the 
neutral ammonium salt. On heating, the precipitate dissolves, and, 
on cooling, separates in long, slender needles. 

The silver salt, C;H,0,Cl,Ag., is obtained as a white, caseous pre- 
cipitate on adding silver nitrate in excess to a warm solution of the 
neutral ammonium salt. The silver was estimated by dissolving the 
salt in nitric acid and titrating with ammonium thiocyanate : 


0°2228 gave 0'1064 Ag. Ag=47°78. 
C,H,0,Cl,Ag, requires Ag = 48°10 per cent. 


The diethyl ester, C,H,0,Cl,(C,H,)., prepared by treating the silver 
salt with ethyl iodide in dry ethereal solution, is an odourless, oily, 
faintly yellow liquid boiling at 312—313° under 760 mm. pressure : 


01420 gave 0:2582 CO, and 0°0530 H,O. C=49°59; H=4:14. 
C,,H,,0,Cl, requires C = 49°48 ; H = 4°12 per cent. 


The anil, C,,H,O,NCI,, obtained by heating the anhydride and the 
calculated’ amount of aniline at 180° until no more gas was evolved, 
crystallises from alcohol in bunches of silken needles melting at 
150—150°5°. The crystals are insoluble in water, but readily soluble 
in acetone, chloroform, or benzene, and possess a marked yellow 
colour which could not be removed by repeated crystallisation (com- 
pare Graebe and Gourevitz, Ber., 1900, 38, 2024) : 


0-2918 gave 12 c.c. moist nitrogen at 18° and 775 mm. N=4°83. 
C,,H,O,NCl, requires N = 4-79 per cent. 


The imide, C,H,O,NCl,, was prepared by passing dry ammonia gas 
into the molten anhydride. It is insoluble in water, and only sparingly 
soluble in benzene, chloroform, or alcohol on warming, and crystallises 
from the last-named solvent in small, glistening, yellow needles 
melting at 208: . 


02746 gave 16-0 c.c. moist nitrogen at 21°5° and 760 mm. N =6°62 
C,H,O,NCI, requires N = 6°48 per cent. 
The colour of the crystals could not be removed by recrystallisation. 


CHEMICAL LABORATORY, 
St, THomAs’s HospitTat, 8.E. 
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CLII.—Non-existence of the Gaseous Sulphide of 
Carbon described by Deninger. 


By Epwarp Joun Russet and Norman SmIrH. 


In 1895, Deninger (J. pr. Chem., [ii], 51, 346) described a gas 
which he considered to be a new sulphide of carbon having the formula 
CS. He prepared it (1) by heating together in a sealed tube chloroform 
and sodium sulphide ; (2) by subjecting to the same treatment a mixture 
of iodoform and silver sulphide ; (3) by the action of sodium on a mix- 
ture of carbon disulphide and aniline. The gas was collected over 
caustic soda, and, although no analytical figures are given, the formula 
appears to be based on the fact that the sulphur dioxide formed on ex- 
plosion with oxygen has about the same volume as that of the carbon 
dioxide produced. No properties of the gas are mentioned save that 
it burns rapidly and is absorbed by alcohol and aniline. 

Although no further paper has been published dealing with the gas, 
descriptions.of it are given in two or three of the newer text-books, 
which do not, however, add anything to what Deninger has already 
stated. 

During the last two years, we have made many attempts to prepare 
this compound, but without success, and we are forced to the conclusion 
that no gas of the formula CS is obtained by any of the methods 
described by Deninger ; the gases produced are invariably mixtures of 
known substances. 

It is known that during the combustion of any gaseous compound of 
sulphur some of this element almost always burns to sulphur trioxide, 
and only rarely is the whole of it converted into sulphur dioxide. 
When, for example, carbon disulphide is exploded with oxygen, the 
volume of the sulphur dioxide is never double that of the carbon 
dioxide, as required by the equation C8,+30,=CO,+2S0,, but is 
invariably less, the exact amount depending on the conditions of the 
explosion (Russell, Trans., 1900, '7'7, 352 ; see also Dixon and Russell, 
Trans., 1899, '75, 600). Consequently it is impossible to identify any 
gas from the ratio of the carbon dioxide to sulphur dioxide produced 
during explosion. Equally impossible, of course, is it to assign a 
‘formula to a new gas by use of this ratio; yet this appears to be what 
Deninger has done. 

Of the three methods described, that depending on the action of 
sodium on carbon disulphide was examined first, as it seemed to promise 
@ continuous stream of the gas. The instructions given are to mix 
15 grams of sodium in small pieces with 125 c.c, of dry aniline in a 
500 cc, flask, to pour on 150 c.c. of carbon disulphide, and blow out 
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the small quantities of gas evolved with carbon dioxide. The gas is 
then to be passed through caustic soda, india-rubber, and triethylphos- 
phine, and collected over caustic soda. 

The object of the india-rubber and triethylphosphine is evidently to 
remove any carbon disulphide that may be carried over ; we made some 
experiments to see how far they would do this. Hydrogen charged 
with varying quantities of carbon disulphide was passed through 
lengths of tubing packed with rubber, but much of the carbon 
disulphide always remained unabsorbed. This agrees with an 
observation made by Hofmann (Ber., 1869, 2, 73) that carbonyl sul- 
phide cannot be completely freed from carbon disulphide by contact 
with india-rubber. 

Triethylphosphine in ethereal solution was next tried with a* some- 
what better result, absorption of carbon disulphide being very com- 
plete at first, but in a short time the absorbing power was exhausted, 
and carbon disulphide was easily detected in the escaping gases. This 
reagent makes an excellent purifier for small quantities of gas, but. it 
is not suitable for large volumes. 

Aqueous sodium hydroxide only slowly and partially absorbs carbon 
disulphide. 

These preliminary trials showed that there was nothing to prevent 
Deninger’s gas containing carbon disulphide; the fact that it was 
actually present is indicated by his description of what happened on 
evaporation of some that he had condensed. He states that the liquid 
rapidly diminished in volume, and the boiling point rose to 47°, the 
boiling point of carbon disulphide. 

Sodium and aniline react to produce hydrogen, which is therefore 
another constituent of the gas. Lastly, a mixture of sodium, aniline, 
and carbon disulphide was found to evolve hydrogen sulphide, slowly 
at first, more rapidly afterwards. This was a third substance to be 
expected in the mixture. 

Our method of investigation was to estimate the amounts of . 
hydrogen, carbon disulphide, and hydrogen sulphide present, and to 
see what volume, if any, was left unaccounted for. The analysis was 
carried out in accordance with the directions given in a previous 
paper, the details of which need not be reproduced here (Trans., 1900, 
T7, 352). Suffice it to say that, after removal of the hydrogen 
sulphide by lead dioxide, the residual gas was exploded with oxygen, 
the contraction was read, and the volumes of sulphur dioxide and carbon 
dioxide produced, and the amount of oxygen used, were determined. 
From three of the four independent equations thus obtained, it is easy, 
as shown in the above paper, to calculate the amounts of hydrogen 
and carbon disulphide ; if these values also satisfy the fourth equation, 
it follows that the results of the explosion are quantitatively accounted 

5L2 
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for by these two gases, and that it is impossible to admit the presence 
of any other combustible gas. As a further check, the volumes of the 
gases found were added together and compared with that originally 
taken ; any difference might arise from the new gas sought for. 

A large number of analyses all agreed in showing that Deninger’s 
gas consists entirely of hydrogen sulphide, carbon disulphide, and 
hydrogen. The quantities varied considerably, but no evidence of 
any other constituent could be obtained. 

In our experiments, we omitted the india-rubber and triethyl- 
phosphine purifiers, as being only likely to introduce complications. 
Sometimes the gas was collected over potash, and sometimes over 
mercury ; sometimes, too, it was passed through purified lead dioxide 
to remove hydrogen sulphide—the result was invariably the same. 
The two analyses are fairly typical. 


1. 2. 

Hydrogen sulphide ...............++ 100 8:2 
Carbon disulphide .................. 19°6 22:1 
PR isinintepenseccecnnisuseunais 64:4 63°7 
SL hiitiindnnvigiendeascnsonssebnepts 11 1-2 
SED. Stinbiccsindivcsasnvcsensenes 4°3 5°0 

eB ircnstssepeycersssseneelins 99°4 100-2 

Oxygen used in Explosion : 

NUD: | iviesthcsaron sen viabenins 83°7 75:1 
BED. Sot ernccessensstencovsesesipntant 82°5 74:4 


Equally definite results were obtained when the gas was resolved 
into its constituents by cooling. The gas was passed through a column 
of lead dioxide to remove hydrogen sulphide, a bulb surrounded by 
solid carbon dioxide, another bulb surrounded by liquid air, and the 
residual gas collected in a eudiometer over mercury. It was occasion- 
ally necessary to drive the gas forward by carbon dioxide, as the rate 
of evolution was very slow; this carbon dioxide condensed at the 
temperature of liquid air, and the gas left uncondensed in the last 
bulb was driven into the eudiometer at the end of the experiment by 
a current of dry air. The separate products were then analysed. 

(a) The uncondensed portion consisted of hydrogen and air. 

(6) The solid which collected in the bulb cooled with liquid air was 
carbon dioxide. In neither case could any trace of a sulphur com- 
pound be detected. 

(c) The bulb cooled with solid carbon dioxide contained a small 
quantity of a highly refractive liquid, and was sealed off while still 
surrounded by the cooling agent. It was transferred to the laboratory 
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vessel of the gas analysis apparatus, and the liquid allowed to mix 
with excess of oxygen, in which it completely volatilised. Analysis 
showed that the liquid was pure carbon disulphide. 

Deninger states that the gas is rapidly absorbed by aniline, and 
that great care is necessary in the preparation, otherwise all the gas is 
retained by this substance. As it.was possible that we had lost all 
the gas in this way, we varied the experiment somewhat, and allowed 
sodium to react with a mixture of equal weights of carbon disulphide 
and benzene. There was no visible reaction, but carbon dioxide was 
passed slowly through the mixture and collected without any previous 
washing. It had taken up some carbon disulphide and benzene, but 
there was no indication of any other gas being present. 


Bs 2. 
i .cateanawek 61°8 64°5 
Carbon disulphide ................. 35°4 32°9 
RN ee ii a 2°4 2°8 
i 99°6 100°2 
Volume of gas taken ............... 100 100 


The possibility still remained that the absence of reaction was 
caused by a film of sulphide protecting the sodium. In the next 
experiments, the liquid alloy of sodium and potassium was substituted 
for pure sodium, and the vessel continually, but gently, shaken to 
expose a fresh surface to the action of the carbon disulphide. As in 
previous experiments, however, the gas obtained was simply a mixture 
of carbon dioxide and carbon disulphide with a little benzene, and 
showed no indication whatever of the presence of any other compound. 

Finally, sodium and carbon disulphide were allowed to react in a 
sealed apparatus fitted with a mercury gauge. The apparatus is figured 
in the sketch (p. 1542): Ais atube containing sodium, spread by melt- 
ing over a considerable surface, and B is a bulb partly filled with 
carbon disulphide; C is a mercury gauge. After exhausting the air 
and sealing off, the apparatus was allowed to stand for some months 
at the temperature of the laboratory. The sodium became coated 
with a red substance, but on bringing the apparatus to the original 
temperature and pressure, it was found that the mercury stood at its 
original level, and there had been no evolution of gas whatsoever. 
The carbon disulphide was found not to hold any gaseous compound in 
solution. 

We think these experiments show fairly conclusively that no gaseous 
substance is evolved during the reaction of sodium and carbon di- 
sulphide, and that the gas obtained by Deninger’s method is simply a 
mixture of hydrogen, carbon disulphide, and hydrogen sulphide, 
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The other two methods—the reaction between sodium sulphide and 
chloroform, and that between silver sulphide and iodoform—were not 
studied in such detail, but here, again, no indication could be obtained 
of the formation of any new gas. A mixture of potassium sulphide 
and chloroform was heated in a sealed tube at 180° for some hours: 
on opening the tube we found hydrogen sulphide, hydrogen chloride, 
unchanged chloroform, free sulphur, and a reddish-yellow liquid less 
volatile than chloroform, and having the characteristic odour of the 
alkyl sulphides. Somewhat similar results were obtained when a 
mixture of silver sulphide and iodoform (5 grams of each), was heated 
at 180°; the reddish-yellow liquid was obtained in this case also, 
together with much hydrogen and some carbon disulphide. The gas 


— a 
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obtained had an extremely unpleasant odour. On explosion with 
oxygen, about 6 per cent. of sulphur dioxide was formed, accompanied 
by more than five times that amount of carbon dioxide ; this result is 
completely explained by the presence of the vapours of carbon di- 
sulphide and the yellowish-red sulphide, and indicates that in the 
latter compound there are four or more carbon atoms to each atom of 
sulphur. We could find no indication of any gas having the formula 
CS ; we cannot say, of course, that no such gas is present, as the 
complex nature of the products of the last two methods puts a quan- 
titative analysis out of the question; but we maintain that all 


Deninger’s results can be completely explained without assuming the 
existence of any new gas. 
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CLIII.—Note on the Localisation of Phosphates in the 
Sugar Cane. 


By Cuas. Henry Granam SPRANKLING. 


SEVERAL investigators have shown that phosphoric acid, in the form of 
phosphates of calcium, iron, aluminium, &c., exists in the ashes of 
plants, but very little work appears to have been done in relation to 
the position of these salts in the plant. 

Nessler (Zandw. Versuchs-Stat., 1873, 16, 185) showed that in the 
case of vines the nodes contained a larger quantity of phosphates than 
the internodes. He also pointed out that the nodes left a larger 
percentage of ash on ignition than the internodes, This, however, does 
not touch the question of the proportion of these compounds in the 
roots, stems, and leaves respectively. 

In discussing the need of the sugar cane for phosphatic manures, it 
was suggested to me by Mr. Watts that it would be of interest to 
ascertain the amounts of these phosphates present in the root-portion, 
stem, and leaves of that plant. The question of the amount of 
phosphate necessary for the growth of the cane is one of great 
importance to the planter in the West Indies, in view of the present 
depressed condition of those islands. No doubt a certain quantity of 
phosphoric acid in one form or another is necessary for the growth 
of the plant, but the results of the experiments on the need of the 
sugar cane for artificial phosphates such as basic slag, calcium super- 
phosphates, &c., have shown that the application of large quantities 
of such substances to land on which sugar cane is to be grown is not 
only unnecessary, but in many cases actually detrimental to the yield 
of sugar per acre. 

For the purpose of ascertaining the position of the phosphate in the 
plant, the sugar cane offers several advantages, chief of which is its 
freedom from branches, and also the ease with which the leaves fall 
from the stem. In fact, when a cane is cut, it is rarely necessary to 
strip the leaves from the stem, as they fall while the plant is growing, 
leaving only a few at the top. 

For the purposes of experiment, three canes of the variety known 
as the “ White Transparent,” of good, vigorous growth and as free 
from disease as possible were selected. (It is practically impossible to 
obtain a cane entirely free from all disease, as every cane suffers more 
or less from the attacks of the fungus Tricospheria sacchari.) These 
canes were cut off at a distance of about one inch below the surface 
of the soil, the length of cane thus cut being about ten or eleven feet. 
On their arrival at the laboratory, they were carefully stripped of 
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whatever leaves were present, except those at the top. The top leaves 
were then very carefully taken off down to the growing point of the 
stem. The remaining portions of the.canes were then cut into four 
equal parts, each section being about two and a half feet long. (A 
few root hairs were present on the bottom sections, but these were 
neglected.) 

Each section and each set of leaves were then chopped into sinall 
pieces, carefully sampled by the method of quartering, and about 500 
grams of each sample dried in the steam-oven for three days. A 
rapid preliminary drying is necessary in order to prevent fermenta- 
tion. 

For the further drying, each sample (of which there were fifteen) 
was then passed through a mill, again mixed by quartering, and about 
15 grams of each put into a large weighing bottle and dried at a 
temperature not exceeding 110° until of constant weight. 

The substances to be estimated were the phosphoric acid, calculated 
as phosphoric oxide, and the silica. For this purpose, a modification of 
Fluckiger’s method was used (Zeit. anal. Chem., 1889, 27, 637). 

Ten grams of each sample were weighed accurately into a platinum 
dish and very gently ignited ; to prevent any possible loss, a large sheet 
of white paper was placed under the tripod on which the dish rested, 
and any particles which fell were swept back into the dish. At this 
preliminary burning, it was not considered necessary to obtain the ash 
quite white, but great care was taken not to fuse it, as Raumer (Zeit. 
anal, Chem., 1882, 20, 375) has shown that if too high a temperature be 
used for the ignition, a part of the orthophosphates present may be con- 
verted into pyrophosphates, and thus cause a deficiency of phosphoric 
oxide in the estimation. 

_ The residual ash in each case was boiled for 10 minutes with 20 per 
cent. nitric acid, water added, and the whole filtered and well washed. 
The residue on the filter, together with the filter-paper (which had been 
previously tested for freedom from phosphates), was again ignited until 
a perfectly white ash was obtained. This process of extraction with 
nitric acid was repeated four times, the final residue being ignited and 
weighed and taken as silica after correcting for filter ash. 

The combined nitric acid extraction liquors and the washings were 
united in each case and evaporated to about 20c¢.c. In one or two 
cases the nitric acid extract was evaporated to dryness and hydro- 
chloric acid added, but no silica separated.* Moreover, as the results 
were to be more comparative than absolute, the application of -the 
same method throughout was sufficient. 

* Preis (Listy Chem., 18, 153) has shown that phosphoric oxide can be estimated 


in the presence of silica without error, provided the precipitate be washed with pure 
cold water. 
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The small volume of nitric acid solution was then nearly neutralised 
with ammonia and treated with 50c.c. of ammonium molybdate in 
nitric acid and allowed to stand in a warm place for two days. As in 
all cases, the phosphomolybdate precipitate was of small amount, it 
was weighed directly in the usual way, and the phosphoric oxide taken 
to be 3°5 per cent. of this weight. 

The results obtained are shown in the following tables, giving the 
actual percentages of phosphoric oxide and of silica obtained for each 
section and the leaves calculated on dry material. 


Leaves. | 1st section. = section.|3rd section. |4th section. 
| roa 
Cane I, 
P.O; ae eee 0'194 0°147 0°045 0°019 0°105 
DE chisernchsncaevacteeséess 2°744 0°638 0°530 0°564 0°486 
Ratio 190P20; | 7-09 23°7 8°57 3°32 21°62 
SiO, 
Cane II. 
PREG vieisbicckixerdipesésavons 0°251 0°163 0°053 0°050 0°093 
NN ictonsivshbeisssdarpdevoks 3°216 0°616 0°606 0°499 0°522 
Bete TEM, ............ 7°83 «| 26°58 874 | 1006 | 17°84 
Si0, 
Cane III. 
RN Socscyvcéateovidatedeinss 0°259 0°201 0°043 0°038 0°089 
NRG iientnine's<cssmsavens sss 2°892 0°600 0°479 0°582 0°519 
Beate IED, ............ 8-95 83°50 9°04 6°63 17°16 
S10, 


An examination of these figures will show the following points. 
(By the term “ phosphoric acid’’ in these conclusions is to be under- 
stood phosphates of calcium, iron, aluminium, &c.) 

(a) There is an immediate absorption of phosphoric acid by the 
roots of the sugar cane, as shown by the higher figures for the fourth 
section (that nearest the roots), 

(5) A very rapid transference of phosphoric acid to the upper parts 
of the plant, as given by the small figures for the middle sections. 

(c) A storage of phosphoric acid in the leaves and upper parts of the 
stem. (The leaves, as they fall from the cane, are left as manure for 
the ensuing crop, and doubtless form a good source of phosphatic 
manure for the plant.) 

(2) As was only to be expected, the silica is highest in the leaves 
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and the transference of this from the soil is carried out in a fairly 
regular manner. 

No attempt was made to ascertain the actual form in which the 
phosphoric acid existed in the plant, although a short qualitative 
examination of the ash of various parts of the plant showed that 
calcium, iron, and aluminium were present in considerable quantities, 
and taking into account the work of Watson Smith on the ash of 
various Eucalyptus trees (Trans., 1880, 37, 416) it is probable that 
phosphates of these elements were the chief sources of the phosphoric 
acid present. . 


CLIV.—Isometric Anhydrous Sulphates of the Form 
M’SO,,R’,80,. 


By Freperic R. MALter. 


In a paper which appeared in March, 1900 (Trans., '7'7, 216), I de- 
scribed a series of isometric anhydrous sulphates having the common 
formula 2M’SO,,R’,SO,, that were produced by fusing the constituent 
sulphates together in the proper molecular proportions. Since this 
paper was published, further experiments have led to the production, 
by similar means, of the isometric sulphates described below, which 
are allied to those just alluded to in their mode of crystallisation, but 
differ in their composition, one molecule only of the bivalent metal 
sulphate being present in them instead of two. . 

Several sulphates of the constitution represented by M”SO,,R’,SO, 
have been previously described, the best known being perhaps the . 
calcium sodium salt, which occurs naturally as the monoclinic mineral 
glauberite,* and has also been made artificially, both by fusion and in 
the wet way. So far as I have been able. to ascertain, however, with 
the exceptions mentioned below in connection with the sulphates 
MgSO,,K,SO, and NiSO,,K,SO,, no account of the sulphates belong- 
ing to the isometric series, noticed in the present paper, has hitherto 
appeared, although the monoclinic hydrated congeners of most of 
them, M”SO,,R’,SO,,6H,O, have been the subject of elaborate investi- 
gation, of late years especially by Tutton (Trans., 1893, 63, 337 ; 
1896, 69, 344). 

It is unnecessary to allude to the details of the method adopted for 
producing and examining the salts with which the present communica- 
tion is concerned, because such details are similar to those already 
described in connection with the sulphates 2M”S0O,,R’,SO,. 


* As langbeinite is the only mineral known as yet having the formula 
2M”SO,,R’,SO,, so glauborite is the only one corresponding to M”SO,,R’,SO,. 
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The products obtained, whilst substantially isotropic, generally in- 
cluded more or less birefringent material. In some cases, only a few 
isolated specksof the latter were noticeable, which might be attributed to 
the original mixture of sulphates not having been in perfect molecular 
proportion, or to the proportion being slightly altered, during fusion, 
by elimination of sulphur trioxide, whereby a minute excess of R’',SO, 
was induced. In other instances, the proportion was greater ; though 
always quite subordinate, it was found to vary considerably in the 
same double salt as produced by different fusions, presumably owing 
to slight variations in the conditions of cooling. More commonly, the 
birefringent part was so intimately intercrystallised with the main 
mass as to be inseparable, but from certain specimens of three salts, 
MgSO,,Rb,SO,, MnSO,,Rb,SO,, and NiSO,,K,SO,, it was possible to 
isolate, in a fairly pure condition, a sufficiency of the accompanying 
birefringent material for the estimation of one or other constituent, from 
which the composition of the substance could be calculated. The results 
gave the respective ratios, M”SO,: R’,SO,=2 : 3°07 ; 2: 2°91; 2:3°21, 
or 2:3 nearly. On fusing the mixtures 2MgSO, + 3Rb,S80, ; 2MnSO, + 
3Rb,SO,, and 2NiSO,+3K,80,, as a check on the above figures, 
the products obtained were all birefringent. The occurrence of similar 
products, mixed with the salts M”SO,,R’,SO,, is perhaps due in some 
instances to a small proportion of the solidifying material crystallising 
in accordance with the equation 4(M”SO, + R’,80,) = 2M"SO,,3R’,80, + 
2M’S0O,,R’,8O,. Where the last-mentioned salt is isometric, in common 
with the corresponding sulphate M’SO,,R’,SO,, it would easily escape 
recognition when intercrystallised in trivial proportion through the 
great mass of the latter. But there are, of course, other conceivable 
modes in which the sulphate 2M”SO,,3R’,SO, might be balanced, 

That the occurrence of such birefringent substance, in the cases 
where it admitted of being separated from the main mass, at least, 
did not materially affect the composition of the latter, is shown by 


the following estimations : 
Main mass, 


SO,, found. SO,, required. 
MgSO, RbSO,...........00. 41°51 41°35 per cent. 
MnSO,,Rb,S0,............... 38°46 38°31 sé, 
| ts | Sree 48°68 48°67, 


The sulphur trioxide was not estimated in the remaining salts. In 
some there was practically no birefringent material, and in cases where 
it was inseparable from its host, the percentage of sulphur trioxide 
would necessarily equal the theoretical amount, experimental error 
and loss through decomposition of M’SO, during fusion excepted. 
That the latter was insignificant could easily be seen by dissolving 
the double sait in water, when, generally, there was a mere trace of 
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oxide as residue, Thus the residue left by the nickel potassium salt, 
which was greater than that of most of the others, only amounted to 


about 0-1 per cent. 
The crystals employed for measurement were, in some cases, very 


minute, and it was not always practicable to isolate and mount a 
single individual, so that two or three crystals in parallel position were 
sometimes unavoidably used. Owing to this, and also to the faces, in 
some instances, having lost more or less of their original brightness, 
through incipient hydration on the surface, the images available were 
not always satisfactory. To this cause may be ascribed, in part at 
least, the differences between the measured and calculated angles. 

A comparison of the details given respecting the isometric salts 
M’SO,,R,'SO, and 2M’SO,,R,’30, shows that, with the doubtfu! ex- 
ception of MnSO,,T1,SO,, the sulphates of the first-mentioned series 
crystallise in tetrahedral forms only. While the same is true in. 
respect to some salts of the composition 2M’SO,,R,'SO,, in the crystals 
of others rhombic dodecahedral planes are present, and those of 
2CoSO,,K,SO, are further modified by faces of the cube. 


Magnesium Potassiwm Sulphate, MgSO,,K,SO,. 


The salt crystallises in tetrahedrons, which are more commonly 
unmodified, but are sometimes in combination with the tetrahedron 
of opposite sign, the planes of the latter, however, being usually 
subordinate in their development : 

Measured. Calculated. 
| 109°32’ 109°28’ 


The crystals generally (but not always) form groups, within each of 
which the orientation is parallel. As the most frequent result of this 
tendency, the individuals are arranged in columns of interpenetrant 
tetrahedrons with their centres in line, the columns themselves also 
being sometimes parallel to each other. Compound tetrahedrons like- 
wise occur that are of large size compared with the individuals of 
which they are built up. 

The salt absorbs water very slowly when exposed to the air. The 

weight of a powdered sample so treated, while still slowly rising, after 
five months had increased by 3°41 per cent. only. For conversion 
into the salt MgSO,,K,S0,,6H,O, the percentage would be 36°69. 
_ Anhydrous magnesium potassium sulphate has been produced by 
Berthelot and Ilosvay through fusion of the constituent sulphates 
together (Ann. Chim. Phys., 1883, |v], 29, 329), but as the crystallo- 
graphic character of the substance is not alluded to in their memoir, 
being foreign to the scope of their work, the salt is included amongst 
those here described. 
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Magnesium Rubidium Sulphate, MgSO,,Rb,80,. 


The tetrahedrons formed by the crystals are sometimes unmodified, 
but are most frequently in combination with the tetrahedron of oppo- 
site sign, the latter being generally subordinate : 


‘ Measured. Calculated. 
BUS W Bee sikicskarses 109°31’ 109°28’ 
Oe A, Meidedicesrats 70°34’ 70°32’ 


The faces are sometimes cavernous, in some cases so much so that 
the crystals become skeletons. Similar cavernous faces were also 
noticed on the faces of some of the other salts, although scarcely to 
such an extreme degree. More than three trihedral angles of any 
individual tetrahedron are rarely exposed to view, but of these, in 
some crystals, only two are truncated by planes of the opposite tetra- 
hedron ; the crystal then, when the faces of the two tetrahedrons are 
equally developed, being equivalent to an octahedron with two opposite 
sides wanting, which is, geometrically, a rhombohedron. There is a 
very strong tendency to crystallisation in parallel position, in modes 
similar to those affected by the preceding sulphate. 

The salt becomes slowly hydrated on exposure to the air in powder. 
After seven monthr (with a still increasing weight), 8°02 per cent. of 
water had been absorbed by the portion experimented on, the theoreti- 
cal amount for conversion into the hexahydrated sulphate being 27°91. 


Manganous Potassiwm Sulphate, MnSO,,K,SO,. 


The salt is reddish-white, and forms crystals quite similar to those 
of magnesium potassium sulphate, both in the relative frequency of 
occurrence, and degree of development, of the + and — tetrahedral 
planes, and also in the modes according to which the crystals group 


themselves in parallel position : 
Measured. Calculated. 
te a) | ree 109°29’ 109°28’ 


This salt resembles the sulphate 2MnSO,,K,SO, in its stability 
when exposed to the air. After 44 months’ exposure of a pulverised 
sample, the absorption of water, which varied with the weather and 
was evidently hygroscopic, never exceeded 0°17 per cent. 


Manganous Rubidium Sulphate, MnSO,,Rb,S0,. 


The crystals are reddish-white, and similar to those of magnesium 
rubidium sulphate in the relative frequency of occurrence, and degree 
of development, of the + and — tetrahedrons, and likewise in the 


1550 MALLET: ISOMETRIC ANHYDROUS 


occurrence of pseudo-rhombohedrons. .Another mode of distortion is 
due to the elongation of the crystals parallel to a tetrahedral edge : 


Measured. Calculated. 


Sh |; rs 109°33’ 109928’ 


There is a very strong tendency to grouping in -parallel position: 
after the modes previously alluded to: the product of one particular 
fusion showed faces of compound tetrahedrons with sides nearly a 
centimetre long. 

On treating a portion of the salt in the same way as in the preceding 
case and for the same period, the water absorbed at no time exceeded 
0°51 per cent. 


Manganous Thallous Sulphate, MnSO,,T1,S0,. 


Manganous thallous sulphate is reddish-white. The tetrahedral 
erystals are sometimes unmodified, but usually the + and — forms 
are both present, one being predominant. Their relative development, 


_ however, varies much, and (geometrically) octahedral_ crystals are by: 


no means rare: 


% Measured. ~ Calculated. 
DEA Bia istecsinn cet 109°27’ 109°28' 
SEs ASPs isn 70°27’ 70°32’ 


The free (top) surface of cooling, besides a multitude of facets © 
obviously belonging to crystals like those just mentioned, generally 
showed a small proportion of square or short rectangular facets, 
suggestive of cubic crystallisation. No actual cubic crystals, however, 
were noticed, or any cubic faces replacing tetrahedral edges. There is 
a strong tendency to grouping in parallel position. 

On treating a portion of the salt like the corresponding potassium 
sulphate, and for the same length of time, the weight fluctuated, with 
a maximum increase of 0°52 per cent. only. 


Nickel Potassium Sulphate, NiSO,,K,SO,. 


This sulphate is mentioned by Gmelin (Handbuch der Chemie, 3, 
360), without allusion, however, to its mode of crystallisation. It 
is yellowish-brown when hot, yellow after cooling, and crystallises 


in unmodified tetrahedrons : 
Measured. Calculated. 


BERA BEE. cavicness 109°29’ 109°28’ ; 


The crystals generally show a strong tendency«to- grouping in 
parallel position, after the modes already described, but sometimes the 
orientation is quite irregular. 
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The anhydrous salt is converted, comparatively quickly, into the 
hydrated sulphate, NiSO,,K,SO0,,6H,O, on exposure to the air for a 
sufficient length of time. A pulverised sample so treated until the 
weight no longer increased absorbed 32°17 per cent. of water, six 
mols. requiring 32°85. 


Cobaltous Potassium Sulphate, CoSO,,K,SO,,. 


Cobaltous potassium sulphate is violet when hot, and violet-crimson 
after cooling, and occurs in unmodified tetrahedrons : 


- Measured. Calculated. 
Bie A cies 109°32’ 109°28’ 


The nickel and cobalt salts are very similar in their tendency 
towards parallel orientation. 

Like the last-mentioned sulphate, that of cobalt changes somewhat 
rapidly on exposure to the hexahydrated salt. While the theoretical 
percentage of water required is 32°82, an absorption of 32°05 was 
obtained experimentally. 


The sulphates of the following metals were also fused together, in 
the same molecular proportion as the preceding : 


— — — — Zn+K 

— — Ni+Rb  Co+Rb Zn + Rb 
Mg +Cs Mn+Cs Ni+(s Uo+Cs Zn +Cs 
Mg+Tl — Ni+TIl Co+ Tl Zn + Tl 


The resulting products were all of non-isometrice crystallisation, as 
shown, in most cases, by their external characters, and in all by their 
birefringence. Whilst many of them, at least, afforded no obvious 
indication of the two sulphates being in other than homogeneous com- 
bination, it would be unsafe to regard such homogeneity as proven 
without a more detailed examination of the products than I have 
given to them. 
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CLV.—Asymmetric Optically Active Selenium Com- 
pounds and the Sexavalency of Selenium and 
Sulphur. d- and |-Phenylmethylselenetine Salts. 


By Wiuuiam Jackson Pore, F.R.S., and ALLEN Nevitxz, B.Sc. 


Tue fact that amorphous substances can exhibit optical activity as a 
result of the presence in the molecule of asymmetric atoms other than 
those of carbon having been placed beyond question by the work of 
Pope, Peachey, and Harvey (Trans., 1899, '75, 1127; 1900, '77, 1072; 
1901, '79, 828), it is important that the results obtained by these 
authors should be extended to compounds of as large a number of 
elements as possible, as the foundation would thus be laid for a general 
stereochemical scheme which would embrace all the elements. For 
this reason, we have investigated substances containing an asymmetric 
quadrivalent selenium atom and, in the present paper, contribute 
results proving that such an atom has a tetrahedral environment and 
' gives rise to optical activity. 

For the purposes of this investigation a mixed alkyl selenide was 
naturally required, and, methods for the preparation of such sub- 
stances not having been previously devised, it was proposed to prepare 
methyl ethyl selenide by a series of steps sufficiently indicated by the 
following scheme : 


(C,H;),Se —> C,H,'Se’Se°C,H,; —> C,H,*Se-Na —> C,H,*Se°CH,. 


Although we proceeded far enough with this course to ascertain 
definitely that it would lead to success, it was found that the manipulation 
of large quantities of the volatile diethyl diselenide, unless performed 
with irksome precautions, gave rise to unpleasant physiological symp- 
toms in the operator ; this plan of attack was therefore abandoned in 
favour of one based on the following considerations. The difficulties 
encountered in dealing with the dialkyl selenides are due to their 
volatility and might be avoided by the use of a selenide of high molecular 
weight, provided that such a substance had, in other respects, the 
necessary properties; that is to say, if phenyl methyl selenide, pre- 
pared by the following series of steps : 


(C,H,),8e —> C,H,*Se'SeC,H, —> O,H,‘Se‘Na —> C,H,°Se*CH;,, 


would combine with bromoacetic acid to give a stable selenetine of the 


constitution oH >8°<Ch.cogr the desired object would be at- 


tained. Although phenyl methyl sulphide is quite inert towards 
bromoacetic acid, it was thought probable that, since the oxygen 
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‘in alkyl oxides exhibits more reluctance than the sulphur in alkyl 
sulphides to become quadrivalent, the selenium in alkyl selenides 
might have so great a tendency to become quadrivalent as to counter- 
act the inhibiting influence of a phenyl group and so cause phenyl 
methyl selenide to combine readily with bromoacetic acid. - This sur- 
mise proved correct, and a striking illustration is thus furnished of 
the periodic gradation in the ease with which bivalent oxygen, sulphur, 
and selenium become quadrivalent. 

The only selenetine previously described is that prepared from 
diethyl selenide and bromoacetic acid by Carrara (Gazzetta, 1894, 24, 
ii, 173) ; this author, however, gives no data from which an opinion 
can be formed as to the relative stability of the thetines and selenetines. 
It is important to note in this connection that whilst an aqueous 
solution of diethylthetine bromide evolves a strong odour of ethyl 
sulphide during evaporation on the water-bath, phenylmethylselen- 
etine bromide remains practically odourless under similar conditions ; 
although the latter substance contains the highly acidic phenyl group, 
the basic character of the quadrivalent selenium atom imparts great 
stability to the selenetine. 


Phenyl Methyl Selenide, C,H,*Se*CH,. 


Diphenylsulphone is converted into diphenyl selenide and the latter 
into diphenyl! diselenide by the convenient method given by Krafft and ° 
Lyons (Ber., 1894, 2'7, 1761) ; the diselenide (1 mol.) is converted into 
sodiopheny] selenide by adding sodium wire to its absolute alcoholic solu- 
tion and, on running in methyl iodide (2 mols.), vigorous action ensues 
with formation of phenyl methyl selenide and separation of sodium 
iodide. After distilling off most of the alcohol, treating with water, 
and extracting with ether, the ethereal solution is dried over potash 
and distilled ; a good yield of phenyl methyl selenide is obtained as a 
pale yellow oll which boils at 200—201° without decomposition, and 
has a not unpleasant aromatic, garlic-like odour : 


0°1623 gave 0°2922 CO, and 00684 H,O. C=49:04; H=4 68. 
C,H,Se requires C = 49°12 i 4°67 per cont, 


Phenyl methyl selenide is the first mixed alkyl selenide which has 
been described, and seems to be much more stable in the air than the 
phenyl! hydrogen selenide prepared by Krafft and Lyons (Coc. cit.). 


Phenylmethylselenetine Bromide, , H. Bn >Se<GH.. 00, ae 


On warming a mixture of phenyl methyl selenide and bromoacetic 
acid in molecular proportion on the water-bath, combination takes 
VOL, LY XXI. 5 M 
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place rapidly with development of heat and formation of a white, crys- 
talline mass ; after crystallisation from a mixture of ether and alcohol, 
the selenetine bromide is obtained in white, crystalline scales melting 
at_111°. It is very soluble in water or alcohol, but practically insoluble 
in ether : ‘ 


0°1554 gave 0°1985 CO, and 0°0504 H,O. C=34:81; H=3-60, 
03400 ,, 0°08772 Br with standard AgNO,. Br=25:80. 
C,H,,0,BrSe requires C= 34°83 ; H=3'54; Br=25°81 per cent. 


Resolution of Externally Compensated Phenylmethylselenetine Bromide. 


On exactly precipitating externally compensated phenylmethyl- 
selenetine bromide with silver d-bromocamphorsulphonate in hot 
aqueous solution, filtering off the silver bromide and evaporating the 
filtrate to dryness, a white, crystalline residue-is obtained ; this is 
systematically fractionally crystallised from absolute alcohol, the less 
soluble fractions being passed in one direction through a series of 
beakers, whilst the more soluble portions proceed in the opposite 
direction. The least soluble constituent is d-phenylmethylselenetine 
d-bromocamphorsulphonate (d-B, d-A), and separates from alcohol 
in small, colourless, rectangular tablets melting at 168°. The crystals 
apparently belong to the orthorhombic system and exhibit the forms - 
“{001}, {101}, and {011}; the form {001} is predominant, the c-axis is 
the acute bisectrix, and the optic axial plane is a(100). The optic 
axial angle is large, and the double refraction is positive in sign : 


0°1511 gave 0°2336 CO, and 0:0630 H,O. C=42°15; H=4°63. 
C,,H,,0,BrSSe requires C = 42°22 ; H = 4°62 per cent. 


The proof of the purity of the salt and the final determination of 
its optical constants are given by the following measurements of the 
rotatory powers of three consecutive fractions obtained on crystallising 
it from alcohol : 


(1) 0°2216 gram, made up to 25 c.c. with water, gave ap +1:09° 
in a 2 dem. tube ; whence [a], +61°5° and[M], +332-0°. 

(2) 02528 gram, made up to 25 c.c, with water, gave a, +1°24° 
in a 2 dem. tube ; whence [a], +61°3° and [M], +331°1°. 

(3) 0°2356 gram, made up to 25 c.c, with water, gave ap +1°15° 
in a 2 dem. tube; whence [a], +61°0° and [M], +329°5°. 


The mean values [a], +61°'26° and [M], +330°8° are thus obtained, 
and since the molecular rotatory power of the d-bromocamphorsulph- 
onic ion in aqueous solution is [M], +270-0°, it follows that the 
corresponding value for the d-phenylmethylselenetine ion is 
[M], +60°8°. 
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After separating the d-phenylmethylselenetine d-bromocamphor- 
sulphonate as far as possible, there remains a very soluble residue 
which has a tendency to become gummy, but by repeated crystallisa- 
tion from water, /-phenylmethylselenetine d-bromocamphorsulphonate 
is obtained in minute, white scales. It is finally purified by crystal- 
lisation from alcohol, and forms aggregates of colourless needles melt- 
ing at 151°: 

0°1613 gave 0°2493 CO, and 0°0671 H,O. C=42:09; H=458, 

C,).H,;0,BrS8Se requires C = 42°22 ; H = 4°62 per cent. 


The purity of this material was proved, and its rotatory constants 
were ascertained, by the following determinations of the rotatory power 
of three consecutive fractions : 


(1) 0°2461 gram, made up to 25 c.c. with water, gave ap +0°76° 
in a 2 dem. tube; whence [a], +38°6° and [M], +208°4°. 

(2) 0°2371 gram, made up to 25 c.c. with water, gave ap +0°74° in 
a 2 dem. tube; whence [a], +39°0° and [M], +210°7° 

(3) 0°2511 gram, made up to 25 c.c. with water, gave ap +0°78° in 
a 2 dem. tube; whencé [a]p +38'8° and [M], +209-°7° 


The mean values [a]) +38°81° and [M], +209°6° are thus obtained, 
and, taking [M], +270°0° for the d-bromocamphorsulphonic ion, the 
molecular rotatory power of the /-phenylmethylselenetine ion is caleu- 
lated as [M], —60°4°, a number which agrees very closely with the 
value [M], +60°8° obtained above for the enantiomorphously related 
ion. 

d- and 1-Phenylmethylselenetine Platinichlorides, 


CH 
(6,9°>Se<our. 00,1) Pele 


On adding a cold alcoholic solution of platinic chloride to an 
alcoholic solution of either of the above d-bromocamphorsulphonates 
containing a little hydrochloric acid, the corresponding platinichloride 
slowly separates as a microcrystalline, yellow powder; the platini- 
chlorides are insoluble in water or alcohol, but very soluble in acetone, 
and crystallise from a hot mixture of acetone and water in minute, 
yellow prisms melting at 171°. The first of the appended analyses was 
made on d-phenylmethylselenetine platinichloride, and the second on 
its enantiomorphously related isomeride : 


(1) 0°1835 gave 0:1672 CO, and 0°0414 H,O. C=24:85; H=2°50. 

(2) 0°1923 ,, 0175200, ,, 0°0432 H,O. C=24'80; H=2-49, 
C,,H,,0,Cl,PtSe, requires C = 24:88 ; H = 2°53 per cent. 

Three successive fractions from the crystallisation of the d-platini- 


chloride gave the following determinations of rotatory power: 
5 M 2 
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(1) 05124 gram, made up to 25 c.c. with acetone, gave ap +0°26° 
in a 2 dem. tube; whence [a], +6°3° and [M], +55°0° 
_ (2) 0°5561 gram, made up to 25 c.c. with acetone, gave ap +0°28° 

in a 2 dem. tube ; whence [a], +6°3° and [M], +54°6°. 

(3) 05474 gram, made up to 25 c.c. with acetone, gave ap +0°28° 
in a 2 dem. tube ; whence [a], +6°4° and [M], +55:5°. 


The mean valuesare thus [a], + 6°34°and[M], +55°0° A similar 
set of three values were also obtained from consecutive fractions of 
the enantiomorphously related isomeride. 


(1) 0°6124 gram, made up to 25 c.c. with acetone, gave ay — 0°31° 
in a 2 dem. tube ; whence [a], — 6°3° and [M], — 548°. 

(2) 0°5225 gram, made up to 25 c.c. with acetone, gave ap — 0°26° 
in a 2 dem. tube ; whence [a], — 6°2° and [M]) —54:0°. 

(3) 0°4812 gram, made up to 25 c,c. with acetone, gave ap - 0°24° in 
a 2 dem. tube ; whence [a], —6°2° and[M], —54°‘1° 


The mean values, namely, [a], —6°25° and [M], —54°3°, are in 
close numerical agreement with those obtained for the enantiomor- 
phously related isomeride. The preparation in-a pure state of these 
optically active platinichlorides containing no asymmetric earbon 
atoms completes the proof that the presence of an asymmetric 
quadrivalent selenium atom causes optical activity. 


Phenylmethylselenetine Mercuriodide, 6H >Se< Gur, .00,H,Hel, 

On adding a concentrated aqueous potassium iodide solution of 
mercuric iodide (1 mol.) to one of either d- or /-phenylmethylselenetine 
d-bromocamphorsulphonate or of externally compensated phenylmethyl- 
selenetine bromide (1 mol.), the optically inactive mercuriodide 
separates quantitatively as a flocculent, white powder ; after crystal- 
lisation from dilute alcohol, it is obtained in colourless, crystalline scales 
melting at 141—142°. The-substance is freely soluble in acetone, less 
so in alcohol and practically insoluble in water or ether. 

The polarimetric examination of this salt in acetone solution 
showed it to be optically inactive although prepared from a salt of the 
pure optically active selenetine, and on making a number of pre- 
parations of the mercuriodide from d- and /-phenylmethylselenetine 
d-bromocamphorsulphonate. and from the externally compensated 
bromide, it was found that the same substance is produced from each 
of these three materials; the salts from the three sources. are 
optically inactive, have the same microcrystalline properties, and no 
change of melting point results on mixing any two of them. 

« This result is a very remarkable one, because Pope and Harvey 
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showed (Joc. cit.) that no optical inversion attends the formation of d- or 
l-benzylphenylallylmethylammonium mercuriodide from its constituent 
salts, and Pope and Peachey (Trans., 1900, '77, 1072) showed that no 
racemisation takes place during the formation of d-methylethylthetine 
platinichloride, whilst in the present paper it is shown that the’d- and 
[-phenylmethylselenetine platinichlorides are still optically active ; 
optical inversion therefore is not an invariable accompaniment to the 
formation of a double salt or salt of a complex acid. In order to preclude 
the possibility that the selenetine mercuriodides described above are 
really optically active, but have very small specific rotatory powers 
and as the observation of the racemisation of the mercuriodides 
should have important bearings on the constitution of such substances 
and on the valency of sulphur and selenium, it seemed desirable to 
prepare and examine the mercuriodides of an optically active 
sulphonium base. 

For this purpose, we selected the d- and, /-methylethylphenacyl- 
thetine d-bromocamphorsulphonates prepared by Smiles (Trans., 1900, 
77, 1174) rather than the d-methylethylthetine d-bromocamphor- 
sulphonate previously described by Pope and Peachey (loc. cit.), con- 
sidering the higher rotatory powers exhibited by the former substances 
as likely to facilitate the investigation. On repeating Smiles’s work, 
much higher values were obtained for the rotation constants than were 
given by him, and it is hence to be concluded that he did not succeed 
in obtaining the active thetine salts in a state of purity. 

We find that ¢-methylethylphenacylthetine d-bromocamphorsul- 
phonate melts at 196°, and four consecutive fractions of the. carefully 
purified salt gave the following determinations of rotatory power : 


(1) 0°3545 gram, made up to 25 c.c. with water, gave ap +1°10’ in 
a 2 dem. tube; whence [a], +41°1° and [M], +207°6° 

(2) 04288 gram, made up to 25 c,.c, with water, gave ap + 1°26’ in 
a 2 dem. tube; whence [a], +41°8° and [M]p +210°9° ; 

(3) 0°3836 gram, made up to 25 c.c. with water, gave ap +1°18' in 
a 2 dem. tube ; whence [a], +42°4° and [M]p +213°9°. 

(4) 0°4109 gram, made up to 25 c.c. with water, gave ap + 1°22’ in 
a 2 dem. tube; whence [a]p +41°5° and [M], +209°8°. 


The mean values for the salt are [a], +41°7° and [M], +210°6°. 

d-Methylethylphenacylthetine d-bromocamphorsulphonate melts at 
180—181° and two consecutive fractions of the salt gave the following 
results : 


(1) 0:4714 gram, made up to 25 c.c. with water, gave ap + 2°29’ in & 
2 dem. tube; whence [a]p +65°8° and [M], +332°5° 

(2) 0: 3525 gram, made up to 25 c.c. with water, gave ap +1°52’ ina 
2 dem. tube ; whence [a], +66:0° and [M], +333°2°. 
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The mean values are thus [a], +65°9° and [M], +332°8°. 

The molecular rotatory power of the optically active methylethyl- 
phenacylthetine ion in aqueous solution, calculated as one-half the 
difference of the values for the d-bromocamphorsulphonate of the d- 
and /-bases, isthus: [M], = + (332°8/2—210°6/2) = + 61°19 ; the value 
calculated from Smiles’s results, namely, [M]) +19°4°, is less than 
one-third of this. 

The d- and /-methylethylphenacylthetine picrates, prepared from the 
corresponding d-bromocamphorsulphonates, were fractionally crystal- 
lised from acetone and the rotatory powers of two successive fractions 
of each determined with the following results : 


d-Methylethylphenacylthetine Picrate. 


(1) 0°4512 gram, made up to 25 c.c. with acetone, gave ap + 0°21’ in 
a 2 dem. tube ; whence [a], +9°7° and [M], +41°3°, 

05121 gram, made up to 25 c.c. with alcohol, gave ap +0°20' in a 
2 dem, tube ; whence [a], +8°1° and [M]) +34°6°. 

(2) 0°3912 gram, made up to 25 c.c. with acetone, gave ap + 0°18’ 
in a 2 dem. tube ; whence [a], +9°6° and [M], +40°8°. 

0°4411 gram, made up to 25 c.c. with alcohol, gave ap +0°17’ in 
a 2 dem. tube ; whence [a], +8°0° and [M]p +34:2° 


1-Methylethylphenacylthetine Picrate. 


(1) 0°4912 gram, made up to 25 c.c. with acetone, gave a, — 0°23 
in a 2 dem. tube; whence [a], -9°7° and [M], —41°5° 

0°4512 gram made up to 25 c.c. with alcohol, gave ap —0°18’ ina 
2 dem. tube; whence [a], —8°3° and [M]) —35°4°. 

(2) 0°4775 gram, made up to 25 c.c. with acetone, gave ay — 0°23’ 
in a 2 dem. tube ; whence [a], —10°0° and [M], —42°7°. 

0°4621 gram, made up to 25 c.c. with alcohol, gave ap —0°19’ ina 
2 dem. tube ; whence [a], — 85° and [M]p —36°4°. 


d-Methylethylphenacylthetine picrate thus gave the mean values 
[a]p +9°63° and [M], +41°1° in acetone solution, and [a], +8-06° 
and [M], +34°4° in absolute alcoholic solution. The enantiomorph- 
" ously related salt gives [a], —9°88° and [M]) —42°1° in acetone and 
[a], —8°42° and [M], —35-9° in alcohol. 


1-Methylethylphenacylthetine Platinichloride, 
CH Cl 
(,14°>8<cu,.co-0,H,),Pt 


This salt is obtained in golden-yellow scales melting at 184°, on bf 
erystallising from dilute acetone the precipitate formed on adding , 
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acidified platinic chloride solution to the corresponding d-bromocamphor- 
sulphonate ; it is very sparingly soluble in the ordinary solvents : 


0°2412 gave 0:0584 Pt. Pt=24°62. 
C,,H,,0,01,8,Pt requires Pt = 24°43 per cent. 


02112 gram, made up to 50 c.c. with concentrated hydrochloric 
acid, gave a) —0°13° in a 4 dem. tube; whence [a] —7°7° and 
{[M], —61°4°. It is thus evident that the formation of the platini- 
chloride is not accompanied by optical inversion. 


Methylethylphenacylthetine Mercuriodide, 
OH, I 
2>g8 , 
0,8? 8<ou,-c0-C,H,,Hgl,. 


On adding a concentrated solution of mercuric iodide (1 mol.) in 
aqueous potassium iodide to one of d- or /-methylethylphenacylthetine 
d-bromocamphorsulphonate or of externally compensated methylethyl- 
phenacylthetine bromide (1 mol.), the optically inactive mercuriodide 
is precipitated. It is insoluble in benzene, ethyl acetate, or water, but 
crystallises from acetone or dilute alcohol in small, colourless scales 
melting at 128°. A number of preparations were polarimetrically 
examined in acetone solution, but all were optically inactive : 


0°3256 gave 0°1922 HgI,. .HgI,=59-02. 
01615 ,, 0°0920 HgI, Hgl,=57-94. 
C,,H,,O1,SHg requires HgI, = 58°50 per cent. 


Methylethylphenacylthetine Mercurichloride, 
CH Cl 
c,H’>S<oH,-c0-0,H, HgCl,. 

The optically inactive mercurichloride is prepared by adding an 
aqueous solution of potassium chloride and mercuric chloride to one of 
a salt of the d-, /-, or externally compensated thetine, and crystallising © 
the precipitate from dilute alcohol; it forms glistening, white scales 
melting at 119°, and is insoluble in water or ether but dissolves in 
alcohol or acetone. The preparations obtained from the three sources 
were identical and were optically inactive in acetone solution : 


0°2162 gave 0°0464 Cl on titration. Cl=21°46. 
03114 ,, 0°0669 Cl ” Cl = 21°48. 
C,,H,,OCI,SHg requires Cl = 21°23 per cent. 


The fact that methylethylphenylselenetine mercuriodide and methyl- 
-ethylphenacylthetine mercuriodide and mercurichloride are all three 
obtained as optically inactive substances from salts of the optically 
active selenetine or thetine must be regarded as proof that optical 
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inversion actually does take place during their formation, for it can 
hardly be supposed that the three different substances are really 
optically active but happen to possess specific rotatory powers so small 
as to have evaded detection. 

The non-occurrence of optical inversion when d- and /-benzyl- 
phenylallylmethylammonium salts are converted into their mercur- 
iodides led Pope and Harvey (Trans., 1901, ‘79, 840) to regard as 
improbable the suggestion that nitrogen is septavalent in such com- 
pounds and also, by analogy, that the sulphur in sulphonium mercur- 
iodides is sexavalent; the facts now brought forward, however, 
necessitate a revision of this view. If, as was suggested by Smiles 
for the sulphonium mercuriodides (Trans., 1900, '77, 160), the quadri- 
valent sulphur or selenium atom in sulphonium or selenonium salts 
become sexavalent during the formation of the mercuriodides, the 
latter have the following constitutions : 


—_ JOR: IN le | 
I POE: and I 70H ° 
1Hg CH,°CO-C,H, IHg CH,°CO,H 


The simplest environment of the sexavalent atom would be one in 
which the six atomic groups are situated on three lines drawn at 
right angles to each other through the sexavalent atom, the six groups 
being thus situated at the apices of an octahedron of which the 
sexavalent atom occupies the centre. The most symmetrical manner 
in which -the two new atomic groups can enter the original tetrahedral 
configuration during its conversion into the octahedral one results 
in their occupying diametrically opposite vertices of the octahedron, 
and if this occurs, the four groups a, b, c, and ¢, which are originally 
tetrahedrally distributed (Fig. 1, p. 1561), necessarily fall into the same 
plane as the central sulphur or selenium atom at the moment when 
the two new groups, ¢ and h, become joined on (Fig. 2). 

But as the groups a, 6, c, andi fall into a plane with the sulphur 
or selenium atom, the enantiomorphism due. to their distribution 
simultaneously disappears and an optically inactive product would 
therefore probably result. A less symmetrical method of inserting 
the two groups, i and h, in the original compound, which leads, how- 
ever, to an octahedral configuration of higher symmetry than Fig. 2, 
is illustrated by Fig. 3; this is a non-enantiomorphous configuration, 
and if it represents the mercuriodides, the latter would necessarily be 
optically inactive. The other possible configurations of the sexavalent 
sulphur or selenium compounds need not be now discussed; in their 
formation, the groups / and i require to be inserted in a very unsym- 
metrical manner and the product would have a highly unsymmetrical 
configuration. That they should be produced seems improbable in 
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view of the tendency towards the formation of symmetrical products 
in chemical reactions. . ; 

During the conversion of a quinquevalent into a septavalent 
nitrogen atom, unless in the resulting substance the original five 
groups lie in the same plane as the nitrogen atom, there is no reason 
to expect the five groups to lose their enantiomorphous arrangement 
or for the two new atomic groups to assume such positions in the 


Fie. 1. 


U7 Z 


molecule as to give rise to a non-enantiomorphous product ; these are 
the two cases analogous to those illustrated in Figs. 2 and 3. 
Although the intramolecular disturbance attending a change of 
valency might be expected to cause optical inversion, there is no 
reason to anticipate the existence of a non-enantiomorphous configura- 
tion at any moment during the formation of a septavalent nitrogen 
compound from an optically active substituted ammonium salt, if 
the transition from quinque- to septa-valency occurs by some orderly 
series of mechanical steps. We know, in fact, that the asymmetric 
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ammonium iodides preserve their optical activity during formation of 
the mercuriodides. The explanation thus offered seems rational and 
involves the principle enunciated by Pope and Harvey (Joc. cit.), that 
during a change of valency the valency directions may change. 

Since the evidence now brought forward inclines us not to regard 
the above mercuriodides as salts of the complex acid HHglI, whilst 
we still consider the platinichlorides as salts of the acid H,PtCl,, 
it seemed desirable to attempt some experimental discrimination 
between the configurations represented in Figs. 2 and 3. If the acid 
HHgl, is not a factor in determining the formation of the mercur- 
iodides, the production of these salts would seem due to the use of a 
merewric compound and the particular acidic groups associated with 
the metal would not be so likely to influence the formation of a 
sexavalent sulphur compound; it should therefore be possible to 
prepare salts corresponding to the mercuriodides and mercurichlorides 
in which the three halogen groups are replaced by three optically 
active acidic groups. Then, if the new salt have the configuration 
given in Fig. 2, or if it be merely a salt of the acid HHgX, (X being 
the optically active group), fractional crystallisation should show it to 
be a mixture of the two substances (d-B, d-A, Hg2d-A) and 
(-B, d-A, Hg2d-A), whilst if Fig. 3 represent the constitution 
and configuration of the new salt, the latter must be a single sub- 
stance, potentially irresolvable, and its molecular rotatory power in 
aqueous solution should be of the order of thrice that of the optically 
active acid ion. The view taken above of the constitution of the 
mercuriodides is supported by the fact that we were able to prepare 
the following salt. 


Methylethylphenacylthetine Mercuri-d-bromocamphorsulphonate, 
8(CH,)(C,H,)(CH,*CO-C,H,)(C,,H, ,OBr-SO,H), Hg-C,,H, ,OBr-SO,H. 


On adding a concentrated solution of mercuric oxide in d-bromo- 
camphorsulphonic acid to an aqueous solution of /-methylethylphen- 
acylthetine d-bromocamphorsulphonate, a white precipitate is produced 
which, after crystallisation from dilute alcohol, is obtained in minute, 
white scales decomposing at about 180°; it is insoluble in ether or 
chloroform but sparingly soluble in water, acetone, or alcohol : 


04512 gave 0°07855 HgS. Hg=14'98. 
C,,H,,0,,Br,8,Hg requires Hg = 15-23 per cent. 


After several recrystallisations, 0°3300 gram, made up to 25 c.c. with 
water, gave a, +1°37’ina 2 dem. tube; whence [a], +60°9° and 
[M], +800°. Within the limits of experimental error, this value is 
equal to +810°, three times the molecular rotatory power of the 
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d-bromocamphorsulphonic ion. A preparation made from d-methyl- 
ethylphenacylthetine d-bromocamphorsulphonate, after careful purifica- 
tion, proved to be identical with the foregoing. 0°3512 gram, 
made up to 25 ¢.c. with water, gaveap + 1°43’ in a 2 dem, tube, whence 
[a]p +60°8° and [M], + 798°. 

Although further investigation of this salt is needed and is now in 
progress, the facts that the preparations from the d- and /-thetine salts 
yield fractions having practically the same rotatory power, and that 
that rotatory power is very nearly thrice the molecular rotatory 
power of the optically active acid ion, indicate that the two sources 
yield the same and a single irresolvable product, and that the sexa- 
valent sulphur atom is not a centre of optical activity because it con- 
tributes no appreciable amount to the molecular rotatory power of the 
mercuri-d-bromocamphorsulphonate. 

The configuration of the thetine and selenetine mercuriodides and 
mercurichlorides would therefore seem to be that illustrated in Fig 3. 


CHEMISTRY DEPARTMENT, 
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CLVI.—Hydroxyoxamides. Part I. 


By Rosert Howson Pickarp, Cuartes ALLEN, WILLIAM AUDLEY 
BowD.ter, and WiILLIAM CARTER. 


ScuirF AND Mownsaccut (Annalen, 1895, 288, 313) hydrolysed oxa- 
methane with hydroxylamine, and obtained a compound to which 
they gave the name “ hydroxylamide,” and ascribed the formula, 
NH,°CO-CO-NH:OH. At the same time, they pointed out that it de- 
composed at the same temperature as, and was very similar to, the 
compound obtained by Holleman (Rec. trav. chim., 1894, 18, 84) by 
the action of hydrochloric acid on oxamidedioxime. 

Holleman then compared the two substances (Rec. trav. chim., 
1896, 15, 148), showed that they were not identical, and suggested 
that they were stereoisomerides of the formula NH,*C(NOH)-CO-OH. 
He gave the syn-formula to his own compound, since this more readily 
explains the formation of cyanamide when it is treated with acetic 
anhydride. The antt-configuration was given to Schiff and Monsacchi’s 
compound, as this more readily accounts for the formation of carbon 
dioxide and carbamide when it is heated. 

In 1901, it was shown by Pickard and Carter (Trans., '79, 841) that 
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the compounds obtained when oxamethane and the oxamates, 
R:NH-C00-CO,Et, are hydrolysed with hydroxylamine, react as hydr- 
oxamic acids, the acetyl derivatives yielding biurets and allophanates, 
in accordance with the reactions of hydroxamic acids described by 
Thiele and Pickard (Annalen, 1899, 309, 189). 

Schiff (Annalen, 1902, 221, 357), however, although acknowledging 
that these reactions are best explained by the hydroxyoxamide formula, 
NH,°©0°CO-NH:OH, or R*-NH-CO-CO-NH-OH, ascribed the amid- 
oxime formula, NH,°C(NOH)*CO-OH, to the compound obtained by the 
hydrolysis of oxamethane, basing this opinion mainly on some titration 
experiments, which apparently showed that the compound in question 
behaved on titration like an amino- or amido-acid (compare Schiff, 
Annalen, 1901, 319, 59). 

We have reinvestigated these compounds, and now bring forward 
fresh evidence in favour of the “ hydroxyoxamide” formula. 

Several new hydroxyoxamides have been prepared, namely, o-tolyl, 
o-, m-, and p-nitrophenyl and ethyl-hydroxyoxamides, and they all give 
the various reactions of hydroxamic acids (compare loc. cit.). The 
ethylhydroxyoxamide is of interest as it shows that the method which 
has yielded the substituted biurets with an aromatic radicle will also 
yield those with aliphatic radicles. The latter are not obtained when 
ethyl allophanate is treated with aliphatic amines (Hofmann, Ber., 
1871, 4, 265). 

One mol. of a hydroxyoxamide, when dissolved in water or alcohol, 
is neutralised by 1 mol. of potassium hydroxide. We were unable to 
. Fépeat under very varied conditions the experiments described by Schiff - 
(Zoc. cit.), in which hydroxyoxamide wes neutralised by the calculated 
quantity of potassium hydroxide only after treatment with formaldehyde, 
using phenolphthalein as indicator. When an oxamate is hydrolysed 
with 2 mols. of hydroxylamine, the hydroxylamine salt of the hydr- 
oxamic acid is first obtained, and it is possible that the hydroxyoxamide 
used by Schiff in his titration experiments was contaminated with the 
hydroxylamine salt. Hydroxyoxamide, when neutralised with ammonia 
and treated with a solution of silver nitrate, yields a colourless, stable 
silver salt ; it is significant that in Schiff and Monsacchi’s paper it is 
stated that the hydroxyoxamide is crystallised from water, whereas the 
silver salt is only stable when prepared from a product which has been 
either crystallised five or six times from water or once from dilute 
acetic acid. Hydroxyoxamide decomposes violently at 158° without. 
melting, and it is noteworthy that products containing traces of* the 
hydroxylamine salt degompose at about the same temperature, 

Various types of hydroxamic acids have been titrated with decinormal 
solutions of caustic alkalis, using phenolphthalein as the indicator, and 
it has been found that they all give approximately quantitative results. 
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The silver salts of hydroxyoxamide and phenylhydroxyoxamide, when 
treated with ethyl iodide, yield esters which behave as monobasic acids 
when titrated with caustic alkalis. It is very difficult to understand 
how esters with an acid reaction could be obtained from a substance 
having the amidoxime constitution, NH,*C(NOH)-CO,H, since the 
groups NH,*C(NOH)- and R-NH-C(NOH)~ have a basic or neutral 
function, the amidoximes, C,H,*C(NOH)-NH, and 

C,H,*CH(OH)-C(NOH):NH,, 
being neutral substances. The esters of hydroxamic acids, 
R-C(OH):N-OEt, on the other hand, are acid by virtue of their 
tautomeric hydrogen atom, being soluble in caustic alkalis and re- 
precipitated by carbon dioxide. 

The hydroxyoxamides, R*-NH*CO:CO-NH-OH, when treated with 
aniline, yield anilides of the type R‘NH*CO-CO-NH:°C,H,, and when 
treated with an alcoholic solution of phenylhydrazine form phenyl- 
hydrazides of the type R-NH:CO-CO-NH:NH°C,H,. These two re- 
actions, which are approximately quantitative, are also given by 
hydroxamic acids, and afford strong evidence against such formule as 
NH,°C(NOH):CO,H for hydroxyoxamide (amidoximeoxalic acid), or 
CO,H-O(NOH):NH-OH for malondihydroxamic acid (hydroxamoxime- 
malonic acid). 

Ulpiani and Ferretti (Gazzetta, 1902, 32, i, 205) have skown that 


hydroxyoxamide is obtained when nitromalonamide is treated with 


concentrated sulphuric acid. They formulate the course of the reaction 
as follows: NH,*CO-CH(NO,)-CO-NH, — NH,°CO-CH,-NO, — 
NH,°CO-CH:NO-OH — NH,*CO-C(OH):NOH. This reaction affords 
further evidence in favour of the hydroxamic nature of these compounds, 
and is entirely opposed to formule of the type NH,*C(NOH)-00,H. 

A reinvestigation of the amidoximeoxalic acid, NH,*C(NOH)-CO,H, 
confirms its general properties as described by Holleman (Joc. cit.). It 
- behaves as a monobasic acid when titrated with potassium hydroxide, 
the acidity of the carboxyl group not being masked by the NH, group 
as inferred by Schiff. Moreover, it forms a stable, crystalline ester 
which is neutral, thus differing from the esters of the hydroxyoxamides. 

To sum up, therefore, these hydroxyoxamides behave in all respects 
like typical hydroxamic acids, and there is not the slightest evidence 
in favour of the amidoxime constitution. 


EXPERIMENTAL. 
Hydroxyoxamide, NH,*CO-CO:NH:OH or NH,°CO-C(OH): NOH. 
When oxamethane is hydrolysed with hydroxylamine either in 


aqueous or alcoholic solution, at any temperature from 0° to 100°, a 
mixture of hydroxyoxamide and its hydroxylamine salt is obtained. 
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A product, which separated out when saturated aqueous solutions of 
oxamethane (1 mol.), hydroxylamine hydrochloride (2 mols.), and 
sodium carbonate (1 mol.) were mixed at 60°, contained NaCl = 21-08 ; 
N =22°68 per cent. This analysis showed that 28°73 per cent. of the 
organic matter in the product was nitrogen, whereas the pure hydroxy]l- 
amine salt of hydroxyoxamide, NH,*CO*CO-NH-OH,NH,OH, contains 
N = 30°65 per cent. 

0104 Gram (1 mg.-mol.) of hydroxyoxamide, after recrystallisation 
from dilute acetic acid, when dissolved in alcohol or water, either at 
the ordinary temperature or warm, neutralises approximately 10 c.c. 
of 1/10 potassium or barium hydroxide solution, using phenol- 
phthalein as indicator. In no case did the addition of formaldehyde 
alter the titrations, and in every case the usual coloration was given 
by the solution with ferric chloride, both before and after titration. 

Silver Salt.—An aqueous solution of pure hydroxyoxamide is 
exactly neutralised with dilute ammonia, and then precipitated with 
a solution of silver nitrate. The silver salt, when first precipitated, 
is slightly yellow, but rapidly becomes white,'is quite meen when dry, 
and explodes when heated. 

Ethyl Ester, NH,*CO*C(OH):N-O-C,H,;.—The silver salt suspended 
in ethyl alcohol is boiled under a reflux condenser with the calculated 
quantity of ethyl iodide for three hours, After filtering off the 
silver iodide, the solution is evaporated to dryness and the resulting 
product crystallised from alcohol. The ester is thus obtained in star- 
shaped clusters of pearly laminz which melt at 178°. 

It is not affected by boiling water and is only slightly hydrolysed 
by warm solutions of hydroxylamine. 

0°132 Gram (1 mg.-mol.) dissolved in water required 10 c.c. of 
N/10 potassium hydroxide solution for neutralisation with phenol- 
phthalein as indicator : 


0:0712 gave 13 c.c. moist nitrogen at 15° and 752 mm. N=21°12, 
C,H,0,N, requires N = 21:21 per cent. 


‘Piliaphen ylhydrazide, NH,*CO*CO-NH:NH-C,H,.—An alcoholic 
solution of phenylhydrazine aml Liydvenpaciautie is boiled under a 
reflux condenser for two hours. The phenylhydrazide crystallises out 
from the solution on cooling, and the crystals, after successive 
washings with acetic acid and sodium carbonate solution and recrys- 
tallisation from alcohol, melt at 231°.* 

Acetylhydroxyoxamide, NH,*CO:C(OH):NO°CO°CH, (Schiff «and 
Monsacchi, Joc. cit.).—A cold aqueous solution of 0°146 gram (1 mg.- 
mol.) was neutralised by 11°6 c.c. of V/10 potassium hydroxide solution, 
partial hydrolysis having taken place. 


* Schleussner (Inaug. Diss., Munich, 1897), gives the melting point as 230—233°. 
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When boiled with dimethylaniline, the acetyl derivative is quanti- 
tatively converted into carbamide. 


Phenylhydroxyoxamide, C,H," NH*CO-C(OH): NOH. 


0°180 Gram (1 mg.-mol.) of phenylhydroxyoxamide (Schiff and 
Monsacchi, loc. cit.) is neutralised by 10 c.c. of W/10 potassium 
hydroxide solution. 

Phenylhydroxyoxamide, when warmed with aniline, yields oxanilide, 
and when boiled with an alcoholic solution of phenylhydrazine yields 
oxanilphenylhydrazide, C,H,*NH*CO-CO-NH-NH-C,H,.* This erys- 
tallises from glacial acetic acid in clusters of stellate needles, and 
melts and decomposes at 228°. It is insoluble in a solution of sodium 
carbonate, gives Bulow’s reaction, and reduces Fehling’s solution : 


0'2525 gave 36°7 c.c. moist nitrogen at 15° and 744 mm. N=16°65. 
C,,H,,0,N, requires N = 16°47 per cent. 

The silver salt and ethyl ester were prepared as described under 
the analogous derivatives of hydroxyoxamide. 

The silver salt is obtained as a white, amorphous precipitate, and 
leaves metallic silver on ignition. 

The ester crystallises from alcohol in colourless, silky needles which 
melt at 176°. It is soluble in potassium hydroxide solution and is 
reprecipitated by carbon dioxide. 


0:208 Gram (1 mg.-mol.) dissolved in alcohol neutralised 10:1 c.c. of 
V/10 potassium hydroxide solution : 


0°1111 gave 13°5 c.c. moist nitrogen at 22° and 750 mm. N=13°58. 
C,,H,,0;N, requires N = 13°46 per cent. 


Phenylacetylhydroxyoxamide, when boiled with pyridine, decom- 
poses violently, evolves carbon dioxide, and gives a solution which, 


when thrown into water, yields a mixture of phenyl- and s-diphenyl- 
carbamides. NP ie 


The three nitro-phenyl-, o-tolyl-, and ethyl-hydroxyoxamides, their 
acetyl derivatives, and transformation products have been prepared 
from the corresponding oxamates by analogous methods to those pre- 
viously described (oc. cit.). 


* Oxanilic acid, when treated under similar conditions, yielded only traces of 
hydrazide. 
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o-Nitrophenylhydroxyoxamide and Derivatives. 

Ethyl o-nitrophenyloxamate, NO,*C,H,*NH-CO-CO,°C,H,, is obtained 
by the condensation of ethy! oxalate (1 mol.) and o-nitroaniline (1 mol.). 
It crystallises from alcohol or acetic acid in pale yellow needles and 
melts at 113°: 


o- 1257 gave 13:4 ¢.c. moist nitrogen at 22° and 752 mm. N=11°93. 
C,,H,,0;N, requires N =11°76 per cent. 
o-Nitrophenylhydroxyoxamide, NO,*C,H,-NH:CO-CO-NH-OH, crys- 
tallises from glacial acetic acid in silky, white needles which melt and 
decompose at 153°: 


01400 gave 22°3 c.c. moist nitrogen at 18°5° and 756 mm. N = 18°24. 
C,H,O,N, requires N = 18°66 per cent. 

0-225 Gram (1 mg.-mol.) dissolved in warm alcohol neutralised 
10°6 cc. of V/10 potassium hydroxide solution. 

The sodium, potassium, ammonium, and hydroxylamine salts are 
yellow, crystalline substances, of which the last melts at 161°. 

The acetyl derivative, NO,°C,H,-NH*CO-C(OH):NO-CO:CH,, crys- 
tallises in colourless, silky needles from acetie acid and melts at 160°. 
When boiled with sodium carbonate solution, it is completely decom- 
posed, yielding o-nitroaniline : 

0°2348 gave 32°7 c.c. moist nitrogen at 21° and 756 mm. N=15°76 

C,,H,O,N, requires N =15-73 per cent. 
o-Nitrophenylbiuret, NO,*C,H,-NH*CO:-NH°CO-NH,, crystallises 
from hot water in beautiful, long, canary-coloured needles which melt 
at 181°: 
01644 gave 37:1 c.c. moist nitrogen at 25° and 764 mm. N= 25 ‘31. 
C,H,O,N, requires N = 25-00 per cent. 
0-Nitro-oxanilphenylhydrazide, NO,*C,H,*NH*CO-CO-NH°NH-O,H,, 
crystallises from acetic acid in small, yellow needles which melt and 
decompose at 181°. It reduces Fehling’s solution and gives Bulow’s 
reaction : 
00827 gave 13°7 c.c. moist nitrogen at 25° and 757 mm, N= 18-40. - 
C,,H,,0,N, requires N = 18°66 per cent. 


m-Nitrophenylhydroxyoxamide and Derivatives. 


m-Nitrophenylhydroxyoxamide, NO,*C,H,°NH*CO-CO-NH-OH, crys- 
tallises from acetic acid in colourless, silky needles which melt and 
decompose at 161°: 
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0:1517 gave 24:1 c.c. moist nitrogen at 15° and 757 mm. N=18°44. 
C,H,0,N, requires N =18°66 per cent. 


0-225 Gram (1 mg.-mol.) dissolved in alcohol was neutralised by 
10 c.c. of V/10 potassium hydroxide solution. 

The hydroxylamine salt was obtained as a jelly which became crys- 
talline on shaking. It crystallises from anhydrous alcohol in Justrous, 
silky, yellowish needles and melts and decomposes at 188°. The 
sodium, potassium, and ammonium salts are yellow. 

m-Nitrophenylacetylhydroxyoxamide, 

NO,°C,H,*NH:CO-C(OH):NO-CO-CH,, 
erystallises from acetic acid in white, silky needles which melt and 
decompose at 184°. It is only slightly soluble in alcohol or chloroform : 


0°1482 gave 20°8 c.c. moist nitrogen at 22° and 761 mm, N=15°91. 
C,,H,O,N, requires N = 15°73 per cent. 

The sodium and potassium salts are yellowish, crystalline compounds. 
The ammonium salt crystallises from alcoholin small, yellow, prismatic 
needles which melt and decompose at 150°. 

Carbonyl di-m-nitrophenylcarbamide, CO(NH-CO-NH:O,H,°NO,),, 
crystallises from water in golden-yellow needles. It melts and decom- 
poses at 142°: 


0°1038 gave 20°3 c.c. moist nitrogen at 24° and 760 mm. N=21°93. 
C,,H,,.0,N, requires N = 21°64 per cent. 
m-Nitrophenylbiuret, NO,*C,H,*NH*CO-NH:CO-NH,, separates 
from a mixture of water and alcohol in canary-yellow crystals melt- 
ing at 178°. It is slightly soluble in a solution of sodium hydroxide : 


0°0672 gave 14°4 c.c. moist nitrogen at 21° and 760 mm. N= 24° #0. 
C,H,O,N, requires N = 25-00 per cent. 

Ethyl m-nitrophenylallophanate, NO,*C,H,*-NH-CO-NH:CO,°C,H,, 
erystallises from alcohol in yellowish, silky needles, which melt at 
188°. It is soluble in potassium hydroxide solution, and is reprecipi- 
tated by acids: 

00850 gave 13 c.c. moist nitrogen at 24° and 744 mm. N=16°77. 

C,,H,,0;N, requires N = 16°60 per cent. 
m-Nitro-oxanilphenylhydrazide, NO,"C,H,-NH-CO-CO-NH-NH’O,H,, 
cerystallises from alcohol in glistening, yellow laminz, melts at 184°, and 
reduces Fehling’s solution : 


0°0791 gave 13 c.c. moist nitrogen at 20° and 749 mm. N=18-48, 
C,,H,,0,N, requires N = 18°66 per cent. 


m-Nitro-oxanilide, NO,*C,H,-NH*CO-CO-NH-C,H,, is obtained by 
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heating the hydroxyoxamide with aniline at 170° for four hours. 
It crystallises from nitrobenzene in yellowish, prismatic needles which 
melt at 204°: 


0°1530 gave 20°6 c.c. moist nitrogen at 24° and 756 mm. N=15-00. 
C,,H,,0,N, requires N= 14°73 per cent. 


p-Nitrophenylhydroxyoxamide and Derivatives. 


Ethyl p-nitrophenyloxamate, NO,*C,H,*NH:CO:CO,°C,H,, crystal- 
lises from acetic acid in white, prismatic needles and melts at 166°: 


01813 gave 18°8 c.c. moist nitrogen at 22° and 764 mm. N =11°80. 
C,)H,,0;N,. requires N= 11-76 per cent. 


p-Nitrophenylhydroxyoxamide, NO,°C,H,;-NH:CO-CO-NH:OH, crys- 
tallises in colourless needles from glacial acetic acid and melts at 182° : 


0°1142 gave 18°8 c.c. moist nitrogen at 19° and 756 mm. N=18°78. 
C,H,O;N, requires N = 18°66 per cent. 


0°225 Gram (1 mg.-mol.) dissolved in alcohol required 9°8 c.c. of 
V/10 potassium hydroxide solution for neutralisation. 

The hydroxylamine salt is a pale yellow, crystalline substance melt- 
ing at 190°. 

The acetyl derivative, NO,*C,H,;-NH*CO-C(OH):NO-CO:CH,, erys- 
tallises from acetic acid in silky, white needles melting with decompo- 
sition at 182°: 


0°1923 gave 26°8 c.c. moist nitrogen at 22° and 756 mm. N = 15°67. 
C,,H,O,N, requires N = 15°73 per cent. 


It is completely decomposed when boiled with dilute sodium car- 
bonate solution, yielding p-nitroaniline, 

p-Nitrophenylbiuret, NO,*C,H,;-NH:CO-NH:°CO-NH,, crystallises 
from water in pale golden-yellow needles with water of crystallisation. 
It melts at 206° and is very soluble in alcohol. 

Ethyl p-nitrophenylallophanate, NO,°C,H,-NH-CO-NH-CO,:C,H,, 
erystallises from alcohol in white, silky needles which melt and 
decompose at 220°: 

00604 gave 8°8 c.c. moist nitrogen at 18° and 751 mm, N=16°59. 

O,,H,,0,N, requires N = 16°60 per cent. 
p-Nitro-oxanilphenylhydrazide, NO,°C,H,;-NH:CO-CO-NH-NH:C,H,, 
erystallises from alcohol in flat, compact, yellow needles. It melts 

and decomposes at 217° and reduces Fehling’s solution : 


0°1599 gave 25°6 c.c. moist nitrogen at 15°and 750 mm. N = 18°52. 
C,,H,,0,N, requires N = 18°66 per cent. 
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o-Tolylhydroxyoxamide and Derivatives. 


Ethyl o-tolyloxamate, CH,*C,H,*NH-CO-CO,°C,H,, is erroneously 
described in Beilstein as a substance melting at 130° when anhydrous, 
Such a substance is a mixture of the oxamide and oxamate. The two 
are separated by extraction with ether, in which the oxamate is much 
the more soluble. It crystallises from dilute alcohol and melts at 40°: 


02926 gave 18°8 c.c. moist nitrogen at 21° and 748 mm. N=7'18. 
C,,H,,0,N requires N =6:76 per cent. 
o-Tolylhydroxyoxamide, CH,*C,H,*NH*CO-CO-NH:OH, crystallises 
from dilute acetic acid in star-shaped clusters of needles and melts 
at 152°: 


0°1880 gave 23°8 c.c. moist nitrogen at 20° and 756 mm. N=14°44, 
C,H,,0,N, requires N = 14°44 per cent. 
The acetyl derivative crystallises from acetic acid in needles and 
melts at 125°: 


01133 gave 12 c.c. moist nitrogen at 19° and 754 mm. N=12-07. 
C,,H,,0,N, requires N =11°86 per cent. 

It is very easily soluble in alcohol. The ammonium salt crystallises 
from alcohol in lustrous, silvery plates which melt with decomposition 
at 139°. The sodium salt is a microcrystalline powder which begins 
to decompose at about 120°. 

Carbonyldi-o-tolylearbamide, CO(NH:CO-NH:-O,H,°CH,),, —_ 
lises from alcohol in needles and melts at 190°: 


00740 gave 11 ¢.c, moist nitrogen at 19° and 758 mm. N=17-04. 
C,,H,,0,N, requires N= 17°17 per cent. 
Ethyl o-tolylallophanate, CH,*C,;H,;-NH*CO-NH:-CO,°C,H,, crystal- 
lises from dilute alcohol in needles and melts at 137°: 
0°2819 gave 31:3 c.c. moist nitrogen at 19°5°and 758 mm. N = 12°65, 
C,,H,,0,N, requires N=12°61 per cent. 


o-Tolylbiwret, CH,*C,H,;NH:*CO-NH°CO-NH,, separates from 
alcohol as a microcrystalline powder which melts at 180°: 


00894 gave 17 c.c. moist nitrogen at 20° and 758mm. N =21°67. 
C,H,,0,N, requires N = 21°76 per cent. 


5N2 


1572 PICKARD, ALLEN, BOWDLER, AND CARTER: 


Ethylhydroxyoxamide and Derivatives. 


Ethylhydroxyoxamide, C,H,-NH*CO-CO:NH-OH, crystallises from 
ether in colourless laminz, melts at 138°, and is very soluble in most 
organic solvents. 

0:132 Gram (1 mg.-mol.) of the product extracted by ether from the 
acidified aqueous solution of its hydroxylamine salt was neutralised by 
8°6 c.c. of V/10 potassium hydroxide solution. 

The hydroxylamine salt crystallises from alcohol in small, white, 
glistening needles melting at 156°: 


00705 gave 16’c.c. moist nitrogen at 21° and 756 mm. N = 25°65. 
0,H,,0,N, requires N = 25°45 per cent. 


The acetyl derivative, C,H,-NH-CO-C(OH):NO-CO-CH,, crystal- 
lises from acetic acid in lustrous, colourless needles which melt at 138°: 


0°1071 gave 15:5 c.c. moist nitrogen at 20° and 744 mm. N = 16°24, 
O,H,,0,N, requires N= 16-09 per cent. 


Ethylbiuret, C,H,*NH*CO-NH:CO-NH,, crystallises from water in 
star-shaped clusters of prismatic needles. These melt at 153° and 
decompose violently a few degrees higher : 


0°0447 gave 13 c.c. moist nitrogen at 22° and 748 mm. N = 32°32. 
C,H,O,N, requires N = 32-06 per cent. 


Hydroxamic Acids. 


Oxaldihydroxamic Acid, (CO*-NH:OH),.—0°120 Gram (1 mg.-mol.) of 
oxaldihydroxamic acid (Hantzsch and Urbahn, Ber., 1894, 27, 801) 
dissolved in warm water was neutralised by 18°6 c.c. of V/10 barium 
hydroxide solution. When boiled with an alcoholic solution of phenyl- 
hydrazine, a quantitative yield of oxaldiphenylhydrazide (m. p. 278°) 
was obtained. 

Malondihydroxamie Acid, CH,(CO*-NH:OH),.—This was prepared 
according to Hantzsch and Urbahn’s method (loc. cit.), who give the 
melting point as 154—155°. H. Schiff (Joc. cit.) states that the 
purest specimen he obtained melted at 144—145°. We found it to 
erystallise from dilute acetic acid in square plates melting at 160°.* 
(Nitrogen found, 21-08 per cent. ; calc., 20°89 per cent.) 

0°134 Gram (1 mg.-mol.) dissolved in dilute alcohol nee 
18°5 c.c. of V/10 barium hydroxide solution. 

* In erystallising these and similar products, it is advisable to drop the powdered 
ammonium or hydroxylamine salt into dilute acetic acid which has been previously 


warmed ; on cooling, the free acid separates out. Boiling with dilute acetic acid 
often decomposes these hydroxamic acids. 
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When boiled with an‘alcoholic solution of phenylhydrazine, malon- 
dihydroxamic acid yields malondiphenylhydrazide (m. p, 186°). 

Benzhydroxamic Acid, C,H,*CO*-NH:OH.—0°137 Gram (1 mg.-mol.) 
dissolved in alcohol gave a coloration with phenolphthalein after the 
addition of 5:2 c.c. of V/10 potassium hydroxide solution. This is 
due to the formation of the salt C,H,*C(OH):NOH,C,H,*C(OH)-NOK 
described by Lossen (Annalen, 1872, 161, 347). 

0°137 Gram (1 mg.-mol.) dissolved in alcohol was neutralised by 
9°7 c.c. of V/10 barium hydroxide solution. 

Benzhydroxamic acid, when boiled with an alcoholic solution of 
phenylhydrazine, yields benzoylphenylhydrazine (m. p. 169°), 


Milligram-mols, of dibenzhydroxamic acid, acetylbenzhydroxamic 
acid,* benzoylpyromucylhydroxamic acid (Trans., 1901, '79, 847), and 
p-tolylacetylhydroxyoxamide (/oc. cit.) were all neutralised by 9°9—10 
c.c. of V/10 potassium hydroxide solution. 

One mg.-mol. of methyleneamidoxime-acethydroxamic acid, 

NH,°C(NOH):CH,°CO-NH-OH 
(Modeen, Ber., 1891, 24, 3437), was neutralised by 9 c.c. of W/10 
barium hydroxide solution. 

Oxamates of the type NRR’*CO-CO,°C,H, are hydrolysed by an 
alcoholic solution of hydroxylamine, giving the secondary amine and 
oxaldihydroxamic acid. This was proved in the case of ethyl methyl- 
oxanilate,t ethyl ethyloxanilate, and ethyl piperidyloxamate, 


The following hydroxamic acids were prepared for the purpose of 
comparison. 

Pyruvylphenylhydrazonehydroxamic acid, 

CH,°C(N-NH:C,H,)-CO-NH:OH, 

was obtained by treating the corresponding ester with an alcoholic 
solution of hydroxylamine and was isolated by means of its lead salt. 
It crystallises from a mixture of ethyl acetate and benzene in white 
needles which melt at 148°. It is very soluble in alcohol, acetone, or 
ethyl acetate, but only slightly so in ether: 


00901 gave 16°8 c.c. moist nitrogen at 16° and 750 mm, N=21°45 
O,H,,0,N, requires N = 21°76 per cent. 
0°193 Gram (1 mg.-mol.) dissolved in alcohol was neutralised by 
10 e.c. of V/10 barium hydroxide solution : 


* Acetylbenzhydroxamic acid, when boiled with pyridine, gives a solution which 
when thrown into water, yields s-diphenylcarbamide. 

+ These oxamates were prepared by heating ethyl oxalate (1 mol.) and the amine 
(1 mol.) in an oil-bath at 150° for 4—5 hours, The products were washed with 
dilute sulphuric acid to free from excess of the amine, dried, and fractionated. 
Ethyl ethyloxanilate, C,H;*N(C,H,;)*CO°CO,°C,H,, is a pale yellow oil which boils 
at 215—220°. 
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The acetyl derivative crystallises from dilute acetic acid in colourless 
needles which melt at 113°. 


0°1053 gave 16-2 c.c. moist nitrogen at 16° and 750 mm. N=17'73. 
C,,H,,0,N, requires N=17°87 per cent. 


The ammonium and sodium salts are soluble in alcohol, and the sub- 
stance is entirely decomposed by boiling with pyridine or dimethyl- 
. aniline, 


Phenylglycinehydroxamic acid, C,H,*NH*CH,*CO-NH:-OH. 


An alcoholic solution of hydroxylamine is prepared in the usual 
way, and when quite cool the equivalent quantity of ethyl anilino- 
acetate (Bischoff and Hausdorfer, Ber., 1892, 25, 2270) is added. On 
the addition of sodium (1 mol. dissolved in alcohol), an almost quantita- 
tive yield of the sodium salt of the hydroxamic acid is obtained. 
This is filtered off, dissolved in water, and the hydroxamic acid set 
free by the addition of the exact quantity of dilute sulphuric acid re- 
quired. The white precipitate is filtered off and crystallised from 
dilute alcohol. The hydroxamic acid is thus obtained in the form of 
colourless, small, glistening plates which melt and decompose at 
118°: 

0°1688 gave 03580 CO, and 0:0923 H,O. C=57:84; H=6:07. 

0°2280 ,, 34°7.c. moist nitrogen at 20° and 736 mm. N=16°84, 

C,H,,0,N, requires C=57'83; H=6:02; N=16°86 per cent. 

0:166 Gram (1 mg.-mol.) dissolved in alcohol was neutralised by 10°3 
c.c. of V/10 barium hydroxide solution. 

Phenylglycinehydroxamic acid is soluble in alcohol, but only slightly 
so in ether, benzene, or water. It is dissolved and decomposed by - 
dilute mineral acids. Its aqueous solution gives the usual coloration 
with ferric chloride. 

Acetyl Derivative-—The hydroxamic acid is extremely difficult to 
' acetylate owing to its extraordinary sensitiveness towards acids. It 
was therefore dissolved in pyridineand keptcool while the calculated quan- 
tity of acetyl chloride was slowly added. The mixture, after standing 
overnight, was poured into water, and the resulting precipitate crys- 
tallised from alcohol. The acetyl derivative was thus obtained in the 
form of long, colourless, prismatic needles melting at 107°. It is 
insoluble in ether and has an acid reaction toward litmus: 


0°1375 gave 16:5 c.c. moist nitrogen at 20° and 745 mm. N =13°45, 
C,,H,,0,N,' requires N = 13°46 per cent. 


On neutralising an alcoholic solution with sodium ethoxide, the 
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sodium salt is precipitated. This salt slowly decomposes to an oil on 
warming its aqueous solution. No better result is obtained on treat- 
ing the acetyl derivative with sodium carbonate or dilute ammonia. 


Amidoximeoxalic Acid. 


0°104 Gram (1 mg.-mol.) of amidoximeoxalic acid (Holleman, Joc. cit.) 
dissolved in approximately 30 c.c. of water at 20° required 9°4 c.c,.of 
N/10 potassium hydroxide solution for neutralisation. 

Ethyl Ester, NH,*C(NOH)-CO,°C,H,;.—The silver salt suspended in 
alcohol is boiled with the calculated quantity of ethyl iodide. The 
alcohol is then evaporated off and the oily mass extracted with ether, 
The ester separates from the ether in colourless, lustrous needles, 
These melt at 97—98° and evolve gas at 140—170°, at which tempera- 
ture entire decomposition sets in. The ester is soluble in water, 
alcohol, or ether, and its solutions are completely neutral to litmus, 
and give a sienna-brown coloration with ferric chloride : 


0:0963 gave 18°5 c.c. moist nitrogen at 20° and 750 mm. N=21°68. 
C,H,O,N, requires N = 21°21 per cent. 


Some of the materials used in this research were purchased by a 
grant from the Research Fund Committee of the Society, for which 
the authors desire to express their indebtedness. 
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CLVII.—The Constituents of Commercial Chrysarobin. 


By Hoorer AuBert Dickinson Jowett and Cuarues Erry Porrer. 


CHRYSAROBIN is a substance obtained from Araroba or Goa powder by 
extracting with certain solvents, for example, ch loroform, evaporating 
to dryness, and powdering. It was first examined in 1875 by Attfield 
(Pharm. J. 1875, [iii], 5, 721), who found the chief constituent to be 
chrysophanic acid, C,,H,,0,, identical with that previously obtained 
from rhubarb by Schlissberger and Dépping (Annalen, 1844, 50, 
213). In 1878, Liebermann and Seidler (Ber., 11, 1603) showed that 
chrysarobin was not identical with chrysophanic acid, but contained a 
distinct substance, chrysarobin, C,,H,,O,, together with a varying 
amount of chrysophanic acid into which it was converted by oxidation 
The formula assigned to chrysarobin was deduced from analyses of the 
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recrystallised substance, which agreed fairly well with the formula 
proposed, but no determination of the molecular weight was made. 
A crystalline acetyl compound was obtained which, however, on 
analysis gave numbers differing from thosa required for the formula 
C,,H,,0,(C,H,O), (Found C=67'5; required C=68°5 per cent.), 
The subject was not again referred to for many years, and in the 
meantime the product has been sold indiscriminately as chrysarobin 
or chrysophanic acid. 

In 1899, Hesse (Annalen, 309, 32) examined chrysarobin and 
obtained results differing from those recorded by previous investi- 
gators. He showed that crude chrysarobin contained no chrysophanic 
acid, but was a mixture of two parts of chrysarobin, C,,;H,,0,, with one 
of its methyl ether. He was, however, unable to obtain chrysarobin 
free from its methyl ether, and arrived at this conclusion from indirect 
evidence, Eight specimens, varying in melting point from 152° to 174° 
and purified by different means, were analysed, but all yielded methyl 
iodide by Zeisel’s method, thus showing the presence of a methylated 
constituent. When the mixture was treated with hydrochloric or 
hydriodic acid, chrysophanohydroanthrone was obtained which was 
considered by Hesse to be isomeric with chrysarobin. On acetylation, 
however, the reverse change takes place, chrysophanohydroanthrone 
being converted into chrysarobin, since both yield the same triacetyl- 
chrysarobin. Chrysophanohydroanthrone and chrysarobin are both 
readily oxidised to chrysophanic acid, but if the impure chrysarobin 
is used a mixture of chrysophanic acid and its methyl ether results. 
Hesse thus regarded chrysarobin as the anthranole of chrysophanic 
acid. 

Before stating the results of the present investigation, we desire to 
point out that some of Hesse’s deductions are not in accordance with 
his observations, and further that simpler explanations than his can 
be given which are more in accordance with the facts. ' 

In the first place, the analyses of the different specimens of 
chrysarobin do not agree with the assumption that they consist of a 
mixture of chrysarobin and its methyl ether. If this were so, the 
percentages of carbon and hydrogen found should lie between those 
required for the two substances, whereas in all cases they are /ess than 
that required for either substance : 


C,,H,,0, requires C= 75:0 ; H=5°0 per cent. 
C,;H,,0,°CH, requires C=75°6 ; H=5°5 per cent. 
Found C=74:0 to 75:0 ; H=5:0 to 5:3 per cent. 
It therefore follows that the methylated constituent must contain 


less than 75:0 per cent. of carbon. 
Secondly, chrysarobin is assumed by Hesse to be isomeric and not 
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identical with chrysophanohydroanthrone (obtained by Liebermann by 
the reduction of chrysophanic acid). Yet both behave similarly to 
-certain reagents and yield the same triacetylchrysarobin on complete 
acetylation. Their diacetyl compounds showed similar properties 
although of slightly different melting points, 238° and 216°, but the 
latter contained some of the methylated constituent and was thus 
probably impure. S 

Furthermore, by the action of hydrochloric acid on the mixture, 
chrysophanohydroanthrone was obtained, and Hesse assumed that in 
this reaction the anthranole was converted into the isomeric hydro- 
anthrone. In order, however, to explain the formation of triacetyl- 
chrysarobin from chrysophanohydroanthrone, it is necessary to assume 
that the reverse change, that is, conversion of the hydroanthrone to 
the anthranole takes place under the influence of acetic anhydride. 
These difficulties are removed by the simpler explanation that 
chrysophanohydroanthrone and chrysarobin are identical, and are the 
anthranole of chrysophanic acid. It is almost certain that the 
acetyl derivative of chrysophanohydroanthrone (m, p. 230—23]°), 
described by Liebermann (Ber., 1881, 21, 437), was triacetyl- 
chrysarobin, and had not the complex molecular composition assigned 
to it. Liebermann himself thought he had obtained this substance 
from natural chrysarobin (Annalen, 1882, 212, 41). 

In view of the incomplete state of our knowledge of chrysarobin, 
and especially of the methylated constituent, we have made a thorough 
investigation of the subject in order to elucidate these points. After 

a very tedious and difficult process of separation, we have isolated from 
commercial chrysarobin the following substances : 


Chrysarobin, C,,H,,0,, m. p. 204°. 

Dichrysarobin,* C,,H,,O0,, no sharp melting point. 
Dichrysarobin methyl ether,* O,,H,,0,-CH3, m. p. 160°. 
A substance, C,,H,,0,, m. .p. 181°. 


Despite a very careful search, we have been unable to isolate any 
other definite substance, although a varying amount of amorphous 
product was always obtained. 

Chrysarobin is shown to be identical with Liebermann and Seidler’s 
chrysophanohydroanthrone, and since it yields chrysophanic acid on 
oxidation it must be regarded as the anthranole of this substance. 

Dichrysarobin corresponds to Liebermann and Seidler’s chrysarobin, 
but occurs only in very small amount in commercial chrysarobin, 


* Although this substance does not correspond in composition with a polymeride 
of chrysarobin, we propose to retain for it the name ‘“‘dichrysarobin” given by 
Hesse to a substance which he regarded as the polymeride, but which, as we show in 
this paper, had the composition now assigned to it. 


_ 1578 JOWETT AND POTTER: 


which consists mainly of chrysarobin and dichrysarobin methyl 
ether. 

Dichrysarobin is very different in its physical properties from . 
chrysarobin, but as it yields the same oxidation and reduction products 
it must be closely allied to it. We therefore suggest for it the 
following constitutional formula, which differs but slightly from that 
first proposed by Liebermann and Seidler for chrysarobin. 


H,(0H), <p >0,H, CH, © MoMA 1H)>0,H,CH, 
3 O 


This formula best explains the reactions of the substance and its 
relationship to chrysophanic acid and chrysarobin, but further experi- 
ments are needed to establish it definitely. 

The action of acetic anhydride and of hydriodic acid on these 
substances has been studied, and the opportunity taken to prepare 
pure chrysophanic acid and its acetyl derivative. Several melting 
points have previously been given for this acid, and Hesse has shown 
that the acid as previously described is mixed with a varying quantity 
of a methylated constituent, which has not been isolated, but was 
supposed to be the methyl! ether of chrysophanic acid. 

The constants previously given have therefore been those for impure 
substances. Preliminary experiments on this point indicate that the 
methylated constituent is not the methyl ether of chrysophanic acid 
but that of dichrysarobin. In the cases both of crude chrysophanic 
acid and of chrysarobin, it was found easier to separate the acetyl 
compound than the original substance. 

Both chrysarobin and dichrysarobin yield B-methylanthracene on 
distillation with zinc dust. 


EXPERIMENTAL. 


Chrysarobin, O,H,(OH),<fue gH,°CH,. 

This was prepared directly from the commercial chrysarobin by first 
extracting it with light petroleum, distilling the extract, and recrys- 
tallising the residue repeatedly from a large volume of hot ethyl 
acetate. By this means, after a very tedious fractional recrystallisa- 
tion, it was obtained in beautiful, lemon-yellow scales melting at 202° 
(corr.), and further recrystallisation from different solvents did, not 
alter the melting point. It was insoluble in aqueous sodium carbonate, 
but dissolved in caustic alkalis, forming a yellow solution which, 
however, rapidly absorbed oxygen from the air and became red. It 
gave a yellow colour with strong sulphuric acid, and its alcoholic solu- 
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tion became brown on the addition of ferric chloride. It was sparingly 
soluble in cold benzene, acetone, alcohol, glacial acetic acid, ethyl 
acetate, or light petroleum, but fairly soluble in these solvents when 
hot. When treated with hydriodic acid, no methyl iodide was formed. 
On analysis : 


0°1156 gave 0°316 CO, and 0°0524 H,O. C=746; H=5-0, 
-C,;H,,0, requires C=75°0 ; H=5:0 per cent. 


When boiled with twice its weight of acetic anhydride for four 
hours, a product was obtained which melted at 191—192°, but by 
fractional crystallisation from glacial acetic acid was separated into 
two substances melting at 193° and 236—-237° respectively. 

The substance melting at 193° furnished, on analysis, the following 
result : 


0°0482 gave 0:124 CO, and 0:022 H,O. C=70'1; H=5°0. 
C,,H,,0; requires C= 70°4; H=4°9 per cent. 


It was therefore diacetylchrysarobin, C,,H,,O,(C,H,O),, and the 
other substance was the triacetyl compound. 

When acetylated with acetic anhydride and sodium acetate, it 
yielded a triacetyl compound, C,,H,O,(C,H,O),, crystallising from 
glacial acetic acid in hard, yellow cubes melting at 238°. This was 
insoluble in water and very sparingly soluble in cold or hot alcohol, 
but fairly soluble in hot glacial acetic acid. The alcoholic solution 
had a bluish fluorescence. On analysis: 


0°1254 gave 0°317 CO, and 00566 H,O. C=689; H=5°0. 
C,,H,,0, requires C= 68-9 ; H=4-9 per cent. 


Chrysarobin (or the chrysophanohydroanthrone of Hesse) was 
also easily prepared directly from the crude petroleum extract of 
commercial chrysarobin in the following manner. The residue, after 
removal of the petroleum by distillation, was heated with four to five 
times its weight of hydriodic acid of sp. gr. 1°7 for two hours at 
130—140° and the mixture then poured into a large volume of water. 
The precipitate was dried and extracted with hot benzene in a Soxhlet 
apparatus, the benzene solution distilled, and the residue crystallised 
from hot ethyl acetate until of melting point 204°. On analysis: 


0°1934 gave 6:5306 CO, and 0:0864 H,O. C=748; H=5°0. 
0394 raised the b. p. of 19°1 benzene 021°. Mol. wt. = 262. 
C,,H,,0, requires C=75°0; H=5-0 per cent. Mol. wt. =240, 


On acetylation with acetic anhydride or with sodium acetate and 
acetic anhydride, the same results were obtained as just described in 
connection with pure chrysarobin. 


~ 
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Chrysarobin, heated with an excess of hydriodic acid of sp. gr. 1:9 
for one hour at 120° was recovered unchanged, as proved by the melt- 
ing point 203—204°, and the analysis of the resulting product : 


0°1268 gave 0°349 CO, and 0:06 H,O C=75:0; H=5:2, 
C,;H,,0, requires C=75°0; H=5-0 per cent. 


These experiments prove that the chrysarobin originally present in 
commercial chrysarobin and the chrysophanohydroanthrone obtained 
from it by the action of hydriodic acid are not isomeric, as stated by 
Hesse, but identical. 

When chrysarobin was oxidised in alkaline solution, chrysophanic 
acid was formed, as stated by Liebermann and Seidler and confirmed 
by Hesse. When distilled with zinc dust, a yellowish sublimate was 
obtained which, after recrystallisation from alcohol, formed yellowish 
plates melting at 199—200°. On analysis: 


00592 gave 0:2038 CO, and 0:0332 H,O. C=93:'9; H=6°3. 
C,,H,, requires C= 93'7; H=6'3 per cent. 


This substance was therefore a methylanthracene, probably the 
B-modification. 

From these reactions and the fact that chrysarobin yields a triacetyl 
compound, it is clear that it must be regarded as the anthranole of 
chrysophanic acid. The anthranole formula for chrysarobin as pro- 
posed by Hesse is thus confirmed, 


Dichrysarobin, Cyg5H,,0,. 


This substance is readily obtained from the crude petroleum extract 
of commercial chrysarobin as follows: the extract is heated with four 
or five times its weight of hydriodic acid of sp. gr. 1°7 for two hours at 
130—140° in a reflux apparatus, and the mixture poured into water 
and filtered. The precipitate is washed with water, and then dried 
and extracted with hot benzene in a Soxhlet apparatus to remove the 
cbrysarobin. 

The residue insoluble in benzene is recrystallised from hot ethyl 
acetate or glacial acetic acid several times. It is thus obtained in beauti- 
ful, orange tabular crystals, which decompose at about 250° but have 
no sharp melting point. It is soluble in ethyl acetate or glacial acetic 
acid, but insoluble in benzene (distinction from chrysarobin), and 
appears to be more readily oxidised in alkaline solution than chrys- 
arobin. It gives a yellow colour with sulphuric acid. As the purity 
of the crystals could not be determined by the melting point, 
three different specimens crystallised from various solvents were 
analysed : 
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I. 0-1364 gave 0°363 CO, and0°0594 H,O. C=726; H=48. 

II. 01356 ,, 0°3592C0, ,, 0°0600H,O. C=722; H=4°8. 

III. 01194 ,, 0316 CO, ,, 00520 H,O, C=722; H=4°9. 
C,,H,,0, requires C=72°6 ; H=4°8 per cent. 


Owing to the sparing solubility of this substance in -solvents, the 
molecular weight could not be determined. By using the acetyl com- 
pound of methyldichrysarobin, however, this constant was determined 
and the above formula thus confirmed. 

The acetyl compound, C,,H,.0,(C,H,O),, was prepared by boiling 
dichrysarobin with considerable excess of acetic anhydride for three 
to four hours, cooling, and then adding aicohol. The acetyl compound 
separated in yellow cubes, which were recrystallised from acetic 
acid and alcohol, and thus obtained of constant melting point 
179—181°. On analysis: 


0°1044 gave 0°2568 CO, and 0°0456 H,O. C=67'1; H=48. 
C,,H;,0,, requires C=67'4 ; H=4°8 per cent. 


Acetylation with acetic anhydride and sodium acetate yielded a pro- 
duct which could not be crystallised. Hexa-acetyldichrysarobin differs 
from the acetyl derivatives of chrysarobin in being much more soluble 
in organic solvents, such as alcohol, and in not giving fluorescent 
solutions. 

Further treatment with hydriodic acid had no action on dichrys- 
arobin, as after heating with the acid at 130° in a sealed tube the 
substance was recovered unchanged. 

By oxidation with air in alkaline solution, chrysophanic acid was 
obtained, identified by its melting point, 190°, and its characteristic 
colour reaction with sulphuric acid. Although the oxidation pro- 
ceeded more rapidly than in the case of chrysarobin, the yield of 
chrysophanic acid was less. 

By distillation with zinc dust, a yellowish sublimate was obtained 
which, when recrystallised from hot alcohol, formed yellowish needles 
melting at 199—200°, and on analysis proved to be a methylanthracene, 
probably the 8-modification : 


00974 gave 0°3335 CO, and 0°0536 H,O. C=93'3; H=6:l. 
C,,H,, requires C=93°'7 ; H=6°3 per cent. 


The insoluble residue, left after extraction of commercial chrys- 
arobin with light petroleum, was crystallised from ethyl acetate and 
a substance separated which seemed to be identical with dichrysarobin, 
but was apparently less soluble in ethyl acetate or glacial acetic acid. 
After repeated recrystallisation from these solvents, it was obtained 
in crystals having no sharp melting point, but decomposing at about 
250°. On analysis : 
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0-084 gave 0:2222 CO, and 0:0366 H,O. C=72:2; H=4°8. 
C,,H,,0, requires C= 72°6 ; H=4°8 per cent. 


The acetyl derivative was prepared in the usual way and analysed 
with the following result : 


0:0402 gave 0:098 CO, and 0°0184 H,O. C=665; H=5-0. 
C,,H,,0, requires C=67'4 ; H=4°'8 per cent. 


Dichrysarobin Methyl Ether, C,,H,,0,. 


An examination of the petroleum extract of commercial chrysarobin 
indicated the presence of a methylated substance in addition to chrys- 
arobin. The formation of chrysarobin and dichrysarobin by the 
action of hydriodic acid on the extract and their stability towards 
this reagent, rendered it highly probable that the methyl ether of di- 
chrysarobin was present in commercial chrysarobin. The mother 
liquors, from which chrysarobin had been separated, were therefore 
worked up, and after a tedious process of fractional crystallisation a 
product was obtained melting constantly at 160°, which was slightly 
more soluble in ethyl acetate than chrysarobin but similar in other 
respects. On analysis: 


0°2044 gave 0°5474 CO, and 00904 H,O. C=73:0; H=4°9. 
0°185, by Zeisel’s method, gave 0°0604 AgIl. CH,=2°1. 
C,,H,,0, requires C=73°0; H=5°l ; CH,=2°9 per cent. 


The residue, after treatment with hydriodic acid, had the properties 
of dichrysarobin. 

The acetyl compound, C,, H,,0,(C,H,0),, was prepared by acetylating 
the mixture of chrysarobin and the methylated substance in the usual 
way and extracting it with hot alcohol. The portion insoluble in the 
solvent was triacetylchrysarobin, the soluble portion was precipitated 
from the alcoholic solution in three fractions with water. It was 
very soluble in alcohol, ethyl acetate, and glacial acetic acid, and could 
not be obtained crystalline. The middle fraction melted at 135°. On 
analysis : 


0°123 gave 0°305 CO, and 0°0578 H,O. C=67°6; H=5:2. 

0°0684 ,, 0°169 CO, ,, 0°0326H,0. C=67:-4; H=5:3. 

0:206, by Zeisel’s method, gave 0°0776 AgI. CH,=2:4 per cent. 

0°721 raised the b. p. of 14°2 alcohol 0°085°, Mol. wt. = 687. 
©,,H,,0,, requires C = 68°3; H=5-0; CH, = 2°1 per cent. Mol. wt. = 720. 


It is extremely probable that this acetyl derivative is identical with, 
or islargely contained in, a substance examined by Hesse and regarded 
by him as hexacetyldichrysarobin, as it agreed with it in physical pro- 
perties and chemical composition. Hesse found that his substance 
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melted at 125° and gave the following data: C=68:0; H=5:0 per 
cent. Mol. wt.=692. 

Hesse supposed that his substance was produced by the polymerisation 
of chrysarobin by the prolonged action of the acetylating agent. 
This, however, we find not to be the case, as the mixture of chrysarobin 
and dichrysarobin methyl ether, when treated with acetic anhydride 
and sodium acetate for half-an-hour, gave approximately equal quanti- 
ties of triacetylchrysarobin and penta-acetyldichrysarobin methyl ether, 
whilst pure chrysarobin under exactly similar conditions gave a 
quantitative yield of triacetylchrysarobin. The polymeride, therefore, 
must pre-exist in the mixture. That it was a methyl ether was proved 
by treating the mixture with hydriodic acid and examining the alkyl 
iodide formed ; it distilled completely below 50° and was therefore 
methyl iodide, 


Substance, C,,H,,0, MM. p. 181°. 


In the process of working up the residual crude chrysarobin left 
after extraction with light petroleum, a small amount of a beautiful, 
crystalline substance melting constantly at 181° was obtained. It 
had the general properties of the substances associated with it in 
crude chrysarobin. On analysis : 


0:108 gave 0°285 CO, and 0°052 H,O. C=72:0; H=5°3. 
0:19, by Zeisel’s method, gave 0:141 Agl. CH,=4°7. 
C,,H,,O, requires C=72°3; H=5:°0; CH, =5:3 per cent. 


The analytical data agree very well with this formula, and the 
large amount of methyl iodide formed on treatment with hydriodic 
acid precludes the possibility of it being a mixture of the other 
constituents previously mentioned. 

The acetyl compound, prepared in the usual way,*was crystallised 
from alcohol and formed orange-red crystals melting at 215—216°. 
The solution was not fluorescent. On analysis : 


00938 gave 0°2276 CO, and 0°042 H,O, C=66:2 ; H=5-0 per cent, 


These figures unfortunately do not agree well with any likely 
formula, and we are unable at this stage of the inquiry to offer any 
suggestions as to the constitution of this substance. 


Chrysophanic Acid, C,,H,,0,. 


For the sake of comparison, a preliminary examination was made of 
some chrysophanic acid prepared from rhubarb. This was obtained 
as a brown, indistinctly crystalline powder melting at 160°. On 
analysis : 


1584 THE CONSTITUENTS OF COMMERCIAL CHRYSAROBIN. 


0°1544 gave 0°398 CO, and 0:059 H,O. C=70'3; H=4:2. 
0°1906, by Zeisel’s method, gave 0°0452 AgIl. CH,=1°5. 
C,,H,,0, requires C=70°9 ; H=3:9 per cent. 


The crude product obtained after treatment with hydriodic acid 
charred on heating, but had no sharp melting point. By recrystal- 
lisation it was separated into chrysarobin, melting at 203°, and a 
substance which charred and had no sharp melting point. On analysis, 
the latter gave figures agreeing with those required for dichrysarobin : 


01668 gave 0°445 CO, and 00746 H,O. C=72'7; H=5-0. 
O,)H,,0, requires C=72°6 ; H=4-9 per cent. 


The acetyl compound of chrysophanic acid, prepared in the usual | 
way and recrystailised from glacial acetic acid, melted at 203°. On 
‘analysis : 


0°1914 gave 0:4722 CO, and 0:0736 H,O. C=67:3; H=4:3. 
C,9H,,0, requires C=67'4; H=4'1 per cent. 


Here, as in the case of crude chrysarobin, the acetyl derivative 
may be more readily separated from the methylated constituent 
than the parent substance. In order to determine the physical 
constants of pure chrysophanic acid, about which there has been 
hitherto much uncertainty, pure chrysarobin, after treatment with 
hydriodic acid, was converted by aérial oxidation in alkaline solution 
into chrysophanic acid and this recrystallised from several solvents 
until the melting point was constant. The pure substance melted at 
190°. On analysis: 


00984 gave 0°256 CO, and 0:0354 H,O. C=70°9; H=4-0. 
C,;H,,0, requires C=70°9; H=3°9 per cent. 


The acetyl derivative, after several recrystallisations, melted con- 
stantly at 206° instead of 202—204°, as previously recorded. Attempts 
to prepare the methyl ether of chrysophanic acid were unsuccessful ; 
even when heated in a sealed tube with methyl iodide and methyl 
alcohol at 100°, the original substance was recovered unchanged. 

Finally, in order to prove beyond question that chrysarobin was 
identical with chrysophanohydroanthrone, chrysophanic acid was 
treated with hydriodic acid, and the product proved to be chrysarobin 
by its melting point, 204°, and that of its acetyl derivative, 234—235°. 
Liebermann and Seidler’s chrysophanohydroanthrone is therefore not 
_ the hydroanthrone, but the anthranole of chrysophanic acid. Further, 

the methylated compound accompanying chrysophanic acid in rhubarb 
is not its methyl ether, as stated by Hesse, but is in all probability 
the methyl ether of dichrysarobin. 

Chrysarobin and dichrysarobin are readily oxidised by alkaline 


THE CONSTITUENTS OF AN ESSENTIAL OIL OF RUE. 1585 


permanganate, but no product other than oxalic acid could be isolated 
from the result of the reaction. Fusion with caustic potash also 
yielded a negative result. 

Tt was thought of interest to examine a commercial sample designated 
“absolutely chemically pure chrysarobin.” This was found to have 
practically the same composition as that previously examined. After 
recrystallisation from ethyl acetate, it melted at 165—175°. On analysis : 


0°103 gave 0°275 CO, and 0°0458 H,O. C=72°8; H=5-0. 
0°333, by Zeisel’s method, gave 0°1166 Agl. CH,=2°2. 
C,;H,,0, requires C=75°0 ; H=5-0 per cent. 
After treatment with hydriodic acid, it yielded a mixture of 


chrysarobin and dichrysarobin and was thus in all respects similar to 
that previously examined. 


Tat WELLCOME CHEMICAL RESEARCH LABORATORIES. 


CLVIIL—The Constituents of an Essential Oil of Rue. 
By Frepericx B. Power and Freperic H. Legs. 


THE incentive to this investigation arose from the requirement of 
preparing some methyl nonyl ketone, the most convenient source of 
which is the essential oil of rue. A portion of the oil was therefore 
obtained from an English firm of distillers, and although there was 
no reason to doubt its purity, it was found to possess some decidedly 
abnormal characters. As it bore the designation Ol. Rutae Ang., we 
inferred that not only had the oil been distilled in Britain, but possibly 
native-grown herb had been used, inasmuch as the ordinary commer- 
cial oil appears to be always distilled from fresh material. This 
afforded a possible explanation of its deviation from the accepted 
standards of the ordinary oil, and, under these circumstances, it 
seemed to merit a more complete investigation. Soon after beginning 
the work, we observed a brief preliminary notice by Soden and Henle 
(Pharm. Zeit., 1901, 277) of an Algerian oil of rue, which was sub- 
sequently further examined by them (ibid., 1901, 1026). As the oil 
supplied to us, on further examination, was found to resemble, in some 
of its physical and chemical characters, that described by Soden and 
Henle, we sought information as to its origin. It was thus ascertained 
that it had not been distilled from native-grown herb, and as it appears 
that the rue has never been cultivated in this country for the purpose 
of distillation, it is highly probable that the article supplied to us was 
an Algerian oil. 
VOL. LXXXI. 5 0 
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Thoms (Ber. deut. pharm. Ges., 1901, 10, 3) has shown that, besides 
the chief constituent and the only one which had hitherto been posi- 
tively identified, namely, methyl nonyl ketone, ordinary oil of rue 
contains about 5 per cent. of methyl n-heptyl ketone, together with 
some free fatty acids and a very small amount of a phenol-like sub- 
stance, from which crystals separated which melted at 155—156°, but 
were not further characterised. 

Soden and Henle (/oc, cit), in their investigation of the Algerian oil, 
found that while, like the ordinary European oil, it contains about 90 
per cent. of ketones, there is about twice as much methyl heptyl ketone 
as methyl nonyl ketone. They have also indicated that, “ besides 
these ketones, the Algerian oil contains a not inconsiderable amount 
of esters which boil chiefly at 200—210°, and appear to consist, for 
the most part, of the acetic esters of the secondary alcohols correspond- 
ing to the two ketones, or of similar aliphatic alcohols, but that they 
were not yet able to determine the true nature of these esters on 
account of insufficient material.” 

In view of the fact that our investigation of what was assumed 
to be an English oil had progressed to a considerable extent before 
the probability of its Algerian origin became apparent, and that we 
have not only identified the alcohols but also several minor con- 
stituents, it seemed desirable that the results of the investigation 
should be recorded. 


EXPERIMENTAL. 


The oil was light yellow in colour ; it had a density d 15°5°/16°= 
=0°8405, and a) — 3°48’ in a 100 mm. tube. It was completely 
soluble in 2 parts of 70 per cent. alcohol. The total amount of oil 
employed was 1800 grams. 

Treatment with 20 per cent. Sulphuric Acid.—As Schimmel & Co. 
(Semi-annual Report, Oct., 1901, 46) have obtained from ordinary oil 
of rue a small quantity of a basic oil, possessing a blue fluorescence, 
which they regarded as methyl methylanthranilate, it seemed desir- 
able to ascertain whether our oil contained a similar substance. It 
was therefore extracted with 20 per cent. sulphuric acid, and this 
liquid made alkaline with sodium carbonate and shaken out with 
ether. From the ethereal liquid about 0°5 gram of a light brown 
syrup was obtained, which had an odour suggestive of quinoline or its 
homologues; it was alkaline to litmus, and caused white fumes in 
contact with hydrochloric acid. On standing for some time, a few 
crystals were formed, but were too small in amount to admit of separ- 
ation. The substance, when dissolved in hydrochloric acid, gave with 
auric chloride a brownish precipitate, which almost immediately 
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became resinous. . It was evident that the basic substance in this oil 


- was not methyl methylanthranilate. 


Treatment with Sodium Carbonate.—In order to separate any un- 
combined fatty acids, the oil was subsequently extracted with a 5 per 
cent. solution of sodium carbonate. The alkaline liquid was concentrated, 
acidified with sulphuric acid, and distilled with steam. The distillate, 
which contained oily drops, was shaken out with ether, and from the 
ethereal liquid a small amount of a light brown oil was obtained. This, 
on distillation, gave two fractions: (1) below 200°, and (2) 220—270°. 
These were converted into silver salts of which one salt (a) was pre- 
pared from fraction (1), and two salts (6) and (c), from fraction (2). 
They were respectively well washed, dried, and analysed : 


(a) 0°0601 gave 0:0262 Ag. Ag=43'5 per cent. 
(b) 01004 ,, 0°0390 Ag. Ag=38'8 ~ 
(c) 00948 ,, 00400 Ag. Ag=42:2 - 


It was evident from these results that the free fatty acids con- 
tained in the oil consist of a mixture, the constituents of which were 
too small in amount to admit of identification. 


Identification of Methyl Salicylate. 


Treatment with Potassium Hydroxide.—After the treatment with 
sodium carbonate, the oil was extracted with a 5 per cent. solution of 
potassium hydroxide. The alkaline liquid was acidified with sulphuric 
acid and extracted with ether. The ethereal liquid afforded a small 
amount of a dark brown oil, which had the characteristic odour of 
methyl salicylate, and on standing a short time formed a crystalline 
paste. This was spread on a porous tile, when the oily mother liquor 
was removed and a small quantity of white crystals obtained, which, 
after recrystallisation from hot water, melted at 155—156°, gave a 
deep violet colour with ferric chloride, and were identified as salicylic 
acid.* On analysis : 


0'1304 gave 0-2899 CO, and 0:0528H,O0. C=606; H=4°. 
C,H,O, requires C = 60°9 ; H=4°4 per cent. 


From the porous tile, by extraction with warm ether, a small 
amount of an oily liquid was obtained which distilled between 190° 
and 250°. This, on hydrolysis, yielded a further amount of salicylic 
acid, 

As the original oil had been previously extracted with sodium car- 
bonate, the salicylic acid could not have existed in it as such, but must 


* The substance obtained by Thoms (Joc. cit.), which melted at 155—156°, would 
also appear to have been salicylic acid. 
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have been present as an ester which had become partially hydrolysed . 
in the process of isolation. It was evident that this ester was methyl 
salicylate. 


Ketonic Constituents of the Oil. 


Treatment with Sodium Bisulphite—The whole of the oil, after the 
treatment just described, was diluted with ether and then repeatedly 
shaken with a saturated solution of sodium bisulphite. The crystal- 
line compound was well washed with ether, drained, and pressed. The 
combined ethereal filtrate and washings were first shaken with a solu- 
tion of sodium carbonate to remove sulphurous acid, then with water, 
finally dried with calcium chloride, and the ether removed. The 
residual oil, thus deprived of the larger portion of its ketonic constitu- 
ents, was set aside for subsequent examination. 

The bisulphite compound was suspended in ether and decomposed 
with a 10 per cent. solution of sodium hydroxide. The ethereal solu- 
tion was washed with water, dried with calcium chloride, and the ether 
removed. The residual oil was then fractionally distilled. After pro- 
longed fractionation, it was resolved chiefly into two large fractions, 
one distilling at 190—200° and the other at 225—235°. 


Identification of Methyl n-Heptyl Ketone. 


Fraction 190—200°.—On redistilling this fraction, the greater part 
boiled at 194—197°; it was most constant at 194:5—195°5° under 
763 mm. pressure and this portion had a density d 14°/16°=0°8296. 
On analysis : 


0°0934 gave 0:2617 CO, and 0°1080 H,O. C=76:4; H=12°8. 
C,H,,0 requires C= 76:1; H=12-7 per cent. 
The semicarbazone melted at 119--120°. On analysis : 


0:1272 gave 0°2790 CO, and 0:1214 H,O. C=59°8; H=10°6. 
C,)H,,ON, requires C=60°3 ; H=10°6 per cent. 


Identification of Methyl n-Nonyl Ketone. 


Fraction 225—235°.—On redistilling this fraction, it boiled for the 
most part at 229—233° under 759 mm. pressure. 
The semicarbazone melted at 122°. On analysis: 


01376 gave 0°3195 CO, and 0°1358 H,O. C=63:3; H=11°0. 
C,.H,,ON, requires C=63°4; H=11-0 per cent. 


The boiling point of methyl nonyl ketone is generally stated to be 
224°; Thoms (Joc. cit.) likewise records it as 223—224° under 774 mm. 
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pressure, whereas Soden and Henle (loc. cit.) have indicated it to be 
230—231° under 740 mm. pressure. We have confirmed this observa- 
tion by regenerating the ketone from the repeatedly crystallised semi- 
carbazone ; it then distilled completely at 231:5—232°5° under 761 mm. 
pressure, and had a density d 20°5°/16°=0°8263. On analysis: 


0°0845 gave 0°2398 CO, and 0:0994 H,O. C=77:4; H=13'l. 
C,,H,,0 requires C=77°6 ; H=12°9 per cent. 


Non-ketonic Constituents of the Oil. 


The portion of the original oil which did not combine with sodium 
bisulphite was subjected to fractional distillation. Under the ordinary 
pressure, a portion distilled over below 207° ; this on further distillation 
afforded the following fractions: 120—145°, 145—165°, 165—170°, 
170—180°, and 180—185°. The portion distilling above 185° was 
finally mixed with that which boiled above 207° in the first instance. 

Fractions 120—145°, 145—165°, and 165—170°.—These fractions 
were examined as follows : 

Fraction 120—145°.—This had a density d 16°/16° = 0°8416 and was 
optically inactive. On analysis : 


00932 gave 0°'2516 CO, and 0:0987 H,O. C=+736; H=118. 


Fraction 145—165°.—This had a density d 16°/16°=0°852 and 
dy — 2°45’ in a 25 mm. tube. On analysis: 


0098 gave 0:282 CO, and 0°106 H,O. C=78:5; H=12°0. 


These two fractions had a combined weight of not more than 
5 grams. They possessed an odour of terpene and also one recalling 
that of ethyl valerate. 


Identification of a Valeric Ester. 


The above two fractions were mixed and boiled for some hours with 
a dilute aqueous solution of potassium hydroxide. There still floated 
on the surface of the liquid a considerable proportion of the oil, which 
was taken up with ether and examined in connection with the fraction 
builing at 165—170°. The alkaline liquid was acidified, and again 
extracted with ether, which dissolved a small amount of a fatty acid 
from which a silver salt was prepared. This by recrystallisation from 
hot water was separated into three fractions, which were analysed : 


(1) 0°0638 gave 0°0324 Ag. Ag=50°8. 
(2) 0°0558 ,, 0°0287 Ag. Ag=51°4. 
C;H,O,Ag requires Ag=51°7 per cent. 
It was thus evident that the oil contained an exceedingly small 
amount of a valeric ester, which was probably ethyl valerate. 
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Identification of Pinene. 


The oil separated by the hydrolysis of the two preceding fractions, 
120—145° and 145—165°, was mixed with the small fraction 
165—170°. The total liquid, which amounted to 3 grams, evidently 
contained a terpene, and from it a small amount of a nitrosochloride 
was prepared. The latter was converted into the nitrolepiperidide 
which, after recrystallisation from methyl alcohol, melted at 
119—120°. 

Identification of Limonene and Cineol. 


Fractions 170—180° and 180--185°.—These two fractions weighed 
respectively 11 and 5 grams, and had the following characters : 

Fraction 170—180°.—This had a density d 15:5°/16°=0°8606 and 
ap — 20°16’ ina 50 mm. tube. On analysis : 


0: ave 0: and 0: .§ C=83'3; H=12°0. 
1) 0°1306 gave 0°3987 CO, and 01405 H,O. C=83:3; H=12°0 
(2) 0°1238 ,, 03780 CO, ,, 01340 H,O. C=83:3; H=12°0. 


Fraction 180—185°.—This had a density d 15:5°/16°=0°8588 and 
ap — 10°30’ in a 25 mm. tube. 

Both these fractions were insoluble in 70 per cent. alcohol, and 
were otherwise practically identical. Their general characters indi- 
cated that they contained a considerable proportion of a terpene, but 
they also had an odour suggesting the presence of cineol. 

The presence of limonene in the two preceding fractions was deter- 
mined by means of the tetrabromide, which melted at 103°; the high 
levorotation of the fractions made it evident that it was /-limonene.* 

The fraction 170—180° was specially tested for phellandrene, but 
with a negative result. 

The identification of cineol in these two fractions was effected by 
means of its compound, C,,H,,0°C,I,NH, with tetraiodopyrrole 
(Hirschsohn, Pharm. Zeit. Russ., 1893, 32, 49, 67), and also by the 
additive product with hydrogen bromide. The former melted with 
decomposition at 114—115°, and the latter at 55—56°. On warming 
the hydrobromide with dilute alkali, it developed the unmistakable 
odour of cineol. 


Portion of Oil boiling above 185°.—This was hydrolysed with alcoholic 
potassium hydroxide. The alcohol was then removed, water added, 


* It is stated in ‘‘ Die aetherischen Oele,” by Gildemeister and Hoffmann, p. 596, 
that ‘‘the terpene found in oil of rue by different investigators is in all cases to be 
referred to an adulteration with oil of turpentine,” and Thoms (Joc. cit.) also states 
that it contains no terpene. No constituent of the genuine oil has, however, 
hitherto been isolated which would account for its optical activity, and the possi- 
bility of the presence of a small amount of terpene would therefore not seem to be 
excluded. 


a 
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and the separated oil taken up with ether. The ethereal solution was 
washed, dried quickly with calcium chloride, and the ether removed. 
The alkaline liquid was acidified, distilled with steam, and the dis- 
tillate neutralised with sodium carbonate, concentrated, acidified, 
and extracted with ether. From the ethereal solution an appreciable 
quantity of a light yellow, pungent liquid was obtained. This distilled 
almost completely below 120°, leaving a very small amount of an acid 
of higher boiling point in the flask. 


Identification of Acetic Acid. 


The portion of acid which distilled below 120° was converted into 
its barium salt, and from a portion of this a silver salt was prepared. 
On analysis : 


0°2208 gave 0'1426 Ag. Ag=64°6. 
C,H,0,Ag requires Ag = 64°7 per cent. 


The higher boiling portion of volatile acid was dissolved in a little 
dilute aqueous ammonia, decolorised by animal charcoal, and converted 
into a silver salt, which was for the most part insoluble in hot water. 
On analysis : 


0°0704 gave 0°0304 Ag. Ag= 43:2 per cent. 


The small amount of this acid did not permit of its identification. 


The Alcohols. 


The oil obtained by the above hydrolysis, when tested with semicarb- 
azide, was found still to contain a considerable amount of ketone, not- 
withstanding the previous exhaustive treatment with bisulphite. A 
preliminary distillation showed that the greater part passed over be- 
tween 190° and 250°; that boiling above 250°, which will be subse- 
quently referred to, possessed a beautiful indigo-blue colour. The oil 
was therefore fractionally distilled until that passing over below 250° 
was quite free from any blue colour. In order to separate from this 
oil the last portion of ketones, recourse was had to the following 
method. 

20°7 Grams of sodium were dissolved ia 250 c.c. of absolute alcohol, 
and 100 grams of semicarbazide hydrochloride, made into a paste with 
alcohol, were introduced. An alcoholic solution of semicarbazide was 
thus obtained, sufficient in amount to combine with the 128 grams of 
oil employed, had the latter consisted entirely of methyl heptyl ketone. 
This mixture was boiled for half an hour, and then, while still hot, 
filtered from the sodium chloride. On concentrating the filtrate, a 
considerable amount of the crystalline semicarbazones separated, which 


1592 POWER AND LEES: 


was removed by means of a pump, and washed well with-cold alcohol. 
On the addition of water to the filtrate, there separated the substances 
which had not combined with the semicarbazide, together with a small 
amount of the semicarbazones. These were taken up with ether, 
which was subsequently removed, and the oily residue rapidly dis- 
tilled in steam. The non-ketonic substances quickly came over, and 
it was only after these had distilled that the semicarbazones began 
slowly to decompose. The oil was extracted with ether, dried with 
’ potassium carbonate, and, after the removal of the ether, fractionally 
distilled. ‘The principal fractions were collected at 190—200° and 
220—235°, and of these the latter was much smaller than the former. 
Smaller fractions were also collected at 200—205°, 205—210°, and 
210—220°. 


Identification of Methyl-n-heptylearbinol. 


Fraction 190—200°, on redistillation, yielded a fraction boiling con- 
stantly at 195—196°. On analysis: 


(1) 0:0931 gave 0-2605 CO, and 0:1130 H,O. C=763; H=13°5. 
(2) 01048 ,, 0-2931 CO, ,, 01285 H,O. C=763; H=13°6. 


Fraction 200—205°.—This was also analysed : 


0°1007 gave 0-2780 CO, and 0:1258 HO. C=75:3; H=13°9. 
C,H,,0 requires C=75°0; H=13°9 per cent. 


As the principal fraction was evidently not quite pure, the separa- 
tion of any trace of terpene it might still contain was effected by 
converting the alcohol into its acetic ester. For this purpose, the two 
fractions were mixed and boiled with an equal weight of acetic 
anhydride and a littleanhydrous sodium acetate. A product was thus 
obtained which distilled chiefly at 212—217°, and most constantly at 
213—215°. This was analysed: 


0°1210 gave 0°3174 CO, and 0:1300 H,O. C=715; H=11°9. 
C,,H,.0, requires C=71'0; H=11°8 per cent. 

Methyl-n-heptylcarbinyl acetate, CH,*CH(O°C,H,O)°C,H,,, was a 
colourless oil of pleasant odour, and had a density d 20°5°/16°=0°8605 
and a, —3°3’ in a 50 mm. tube. 

Hydrolysis afforded methyl-n-heptyl carbinol, which boiled at 
198—200° under 765 mm. pressure, and had a density d 19°/16° 
=0°8273 and a, — 3°44’ ina 50 mm. tube. On analysis: 


0°1222 gave 0°3348 CO, and 0°1529 H,O. C=747; H=13°9, 
C,H,,0 requires C = 75°0 ; H=13°9 per cent. 


On oxidation with chromic acid, this optically active alcohol afforded 
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methyl n-heptyl ketone, which had the characteristic odour, distilled at 
195—199°, and yielded a semicarbazone melting at 118—119° The 
proof was thus afforded that this alcohol is methyl-n-heptylcarbinol. 


Identification of Methyl-n-nonylearbinol. 


The fraction boiling at 220—235° was relatively very small in 
amount, It was acetylated, as in the case of the alcohol of lower 
boiling point. The product, on fractionation, distilled principally 
between 240° and 248°, and was most constant at 245°. Hydrolysis 
afforded the alcohol, which boiled at 230—235°, and was most constant 
at 231—233°; it had a, — 1°18’ ina 25 mm, tube. This fraction was 
analysed : 


00991 gave 0:2793 CO, and 0':1220 H,O. C=76°9; H=13-7. 
C,,H,,0 requires C= 76-7 ; H=14-0 per cent. 


This optically active alcohol afforded, on oxidation with chromic 
acid, a ketone, which formed an oxime melting at 46—47°. It was 
thus identified as methyl-n-nonylcarbinol. 


A Blue Oil. 


It has already been noted that from that portion of the oil used for 
the identification of the alcohols a fraction was separated, boiling above 
250°, which possessed a deep blue colour. It was relatively small in 
amount, and had a rank, weed-like odour. On redistillation, it passed 
over between 250° and 320°, but was at no point constant. The liquid 
was dichroic, the colour, in reflected light, being a deep indigo-blue, and 
in transmitted light, red. It was sparingly soluble in 70 per cent. 
alcohol. When dissolved in glacial acetic acid, it gave a reddish- 
brown colour on the addition of a drop of hydrochloric acid. The 
presence of a blue oil in an oil of rue has not hitherto been observed. 
The small amount, and the complex character of this liquid, rendered 
it impossible to determine its composition. 


Summary. 


From the preceding details it will be seen that this essential oil of 
rue, which was apparently of Algerian origin, contained the following 
substances : 

1. Methyl-n-heptylketone. 
. Methyl-n-nonylketone. 
Methyl-n-heptylcarbinol. 
. Methyl-n-nonylcarbinol. 
A blue oil of high and inconstant boiling point. 
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6. Acetic acid, in combination with the alcohols. 
7. A basic substance, having the odour of quinoline. 
8. A mixture of free fatty acids. 

9. Methyl salicylate. 

10. Ester of valeric acid, apparently ethyl valerate. 

11. Pinene, 

12, /-Limonene. 

13, Cineol. 

The relative proportion of the above constituents is approximately 
as follows : 

The two ketones represented 80 per cent. of the oil, and were present 
in about equal amounts. 

The two alcohols represented about 10 per cent., and were present 
partly in the uncombined state and partly as acetic esters. The 
methyl-n-heptylcarbinol preponderated. 

The two terpenes, together with cineol, represented about 1 per 
cent. of the oil. There was very little pinene, and the amounts of 
limonene and cineol were about equal. 

The amount of blue oil was about 05 per cent., and finally there 
was separated from the non-ketonic portion of the oil a small amount 
of undistillable, viscous substance, which was probably a decomposition 
product. 

The fact that the substances associated with the ketones and 
alcohols are present in such small amount, and that the limonene is 
the more rarely occurring /-form, enables us to conclude that all 
these substances are natural constituents of the oil. 
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CLIX.—Methyl B-Methylhexyl Ketone. 
By Frepreric HEersert LEEs. 


In the course of an investigation of the ketones contained in an 
essential oil of rue (this vol., p. 1585), methyl B-methylhexyl ketone, 
CH,*CO-CH,-CH(CH,)-[CH,]|,“CH,, was prepared’ and characterised. 
It was obtained by the hydrolysis ‘of ethyl sec.-hexylacetoacetate, 
CH,-CO-CH(OC,H,,)*CO,Et, which was prepared by the condensa- 
tion of sec.-hexyl iodide (from mannitol) with ethyl acetoacetate. 
Ethyl sec.-hexylacetoacetate.—Sodium (5°8 grams) was dissolved in 
absolute alcohol (60 c.c.), and to the solution were successively added, 
ethyl acetoacetate (32°5 grams), and sec,-hexyl iodide (53 grams). The 
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resulting clear liquid was then heated in a soda-water bottle at 100° 
for 14 hours, when the product became neutral. The greater part of 
the alcohol was removed by distillation, water was then added, and 
the precipitated oil taken up with ether. The ethereal solution was 
washed with water, dried with calcium chloride, and the ether removed. 
The residue was then fractionally distilled under diminished pressure, 
when a quantity of the pure substance, amounting to 30 per cent. of 
that theoretically obtainable, distilled as a nearly colourless oil at 
130—132° under 17 mm. pressure. Under the ordinary pressure, it 
boiled at 243—245°. Its alcoholic solution gave a brown coloration 
with ferric chloride. On analysis : 


0°131 gave 0°3198 CO, and 0:1185 H,O. C=666; H=10'1. 
C,,H,.0, requires C=67'°3 ; H=10°3 per cent. 


Methyl B-Methylhexyl Ketone.—Ethyl sec.-hexylacetoacetate (16 
grams) was boiled with a solution of potassium hydroxide (10 grams) 
in water (20 c.c.) for nine hours. The oil was then dissolved 
in ether, the ethereal solution washed with water, dried with calcium 
chloride, and the ether removed. The residual oil was then fraction 
ated, when the ketone was obtained, to the extent of 80 per cent. of 
the theoretical, as a colourless, pleasantly odorous liquid, which 
boiled at 184° under 769 mm. pressure. A density determination gave 
d 15°/16° =0°8319. On analysis: 


0:127 gave 0°3538 CO, and 01447 H,O. C=760; H=12°7. 
C,H,,0 requires C=76'1; H=12'7 per cent. 


The semicarbazone, recrystallised from petroleum, formed rosettes of 
fine needles and melted at 75°. On analysis : 


0°1804 gave 0-4 CO, and 0:1728H,O. C=60°5; H=10°6. 
C,,H,,ON, requires C =60°3 ; H=10°6 per cent. 


The oxime, at the ordinary temperature, is a colourless oil, On 
analysis : 


0°1482 gave 0°3728 CO, and 0:1606 H,O. C=686; H=12°0. 
C,H,,ON requires C= 68°8 ; H=12°1 per cent. 
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CLX.—The Constitution of the Metallic Cyanides as 
Deduced from their Synthetic Interactions : The Con- 
stitution of Hydrogen Cyanide. 

By Joun Wank, D.Sc. 


THE simplest view of the constitution of the metallic cyanides is that 
which Frankland and Kolbe established when they proved the identity 
of the alkyl cyanides with the nitriles of the fatty series (Mem. Chem. 
Soc., 1847, 3, 386). Pelouze had made the first of these compounds 
from potassium cyanide and barium ethylsulphate (Annalen, 1834, 10, 
249), and it followed from Frankland and Kolbe’s work that the nitriles 
contain the cyano-group, and are akin to the metallic salts. 
H-C:N <~> M*C:iN —> R-C:iN. 

The subsequent synthesis of propionitrile from potassium cyanide 
and ethyl iodide (Buckton and Hofmann, this Journal, 1856, 9, 241) 
confirmed this conclusion, and it was only when Gautier proved that 
the silver salt yields an isomeric product (Bull. Soc. Chim., 1865, 
[ii], 4, 88) that the problem arose which forms the subject of the 
present paper. 

The formation of isocyanides (carbylamines) from silver cyanide 
showed equally clearly, however, that the metallic salts may possess the 
isocyanic constitution, a possibility also indirectly supported by some ob- 
servations of Gautier (Compt. rend., 1867, 65, 468) and Hofmann (Proc. 
Roy. Soc., 1868, 16, 150). These chemists found that the isocyanides 
may contain small quantities of nitriles, the inference being (compare 
Schorlemmer’s Chemistry of the Carbon Compounds, 1874, p. 93) that 
the latter in every case are secondary products, which are formed from 
the isocyanides by isomeric change (1). Gautier pointed out, however 
(Aun. Chim. Phys., 1869, [iv], 17, 103), that the chemical behaviour 
of hydrogen cyanide is that of a nitrile, and concluded that the acid 
corresponding with the metallic (iso) cyanides is unknown. 

(1) (H-N°C) <> MNC — RNC — R-CiN. 

No further solution appears to have been offered until Laar intro- 
duced the hypothesis of tautomerism (Ber., 1885, 18, 648). Gautier 
had proved that hydrogen cyanide is one substance, whether prepared 
from potassium cyanide or the silver salt (Ann. Chim. Phys., loc. cit.), 
but Laar pointed out that if its hydrogen atom be supposed to oscillate, 
the acid may possess either constitution (2), and thus yield both classes 
of alkyl cyanides as primary products. 

(2) wee <> KC:IN —> RCiIN 
H-N:C <> Ag-N:C —> R-N:C 
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A third solution has been given by Nef (Annalen, 1892, 270, 329), 
introducing the idea of intermediate additive compounds. Nef attri- 
butes the formation of nitriles from the metallic (iso) eyanides to the 
unsaturated condition of the carbon of the latter (3) ; the isocyanides 
are alone formed by substitution, and the acid is assumed (Annalen, 
1895, 28'7, 325) to belong to the same class. 


22> AgN:C —> RN-C 


OY He ED > K-N:0<P —> KI+NiGR’ 

There are thus three hypotheses which give an account of the am- 
biguous behaviour of the metallic cyanides, and the work which is 
described in this paper was undertaken in order to decide between 
them. The results may be summarised as follows : 

I, II. Both nitriles and isocyanides are formed from potassium 
cyanide, but the conditions under which the isocyanides are converted 
into nitriles show that the hypothesis of isomeric change (1) is 
inadequate. 

III. The contradictory behaviour of silver cyanide with alkyl and 
acyl compounds is not explained by the tautomerism of hydrogen 
cyanide (2), but would necessitate the tautomerism of the salt itself, 
if direct interchange of radicles be assumed. 

IV, VL The general actions of the alkali cyanides are consistent only 
with an isocyanic constitution, and on this basis Nef’s additive hypo- 
thesis (3) gives a satisfactory account of their synthetic interactions ; 
the isocyanides are formed from silver cyanide by an additive process, 
however, and not by substitution. Finally, it is shown that a complete 
account of both classes of synthetic interactions of the metallic cyan- 
ides and of formonitrile is given by a modification of the additive 
hypothesis (4), according to which addition to the carbon or nitrogen 
of the (tso)cyanogen radicle is dependent on the electrochemical 
conditions. 


_-7 H-O(OH):NM —, 
(4) HCN <— M-‘N:CHC] <- M-N:C —> M-NRI:C —> 
“— [HMo) <— > M-N:CLR -> NiG-R 


V, VI. The chemical, physical, and physiological properties of 
hydrogen cyanide accord with Gautier’s view of its identity with 
formonitrile, and although hydrogen isocyanide is still unknown, its 
absence and the intimate relation of its salts to the isomeric nitrile 
are explained by the modified additive hypothesis (4). 
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I. The Synthetic Interactions of Potassium Cyanide. 


There are two fundamental methods of forming nitriles synthetically 
from potassium cyanide, namely, those of Pelouze and of Buckton and 
Hofmann mentioned above. With these may be included Merz’s 
extension of the first method to aromatic sulphonates (Zeit. Chem., 
1868, 4, 33), and modifications of the second due to Gautier and others 
(infra). It will be convenient to discuss these groups separately. 


a. The Alkylsulphate Interactions. 


Method of Estimating TIsocyanides and Nitriles.—Although all 
workers have experienced difficulty in preparing nitriles pure or in 
satisfactory quantity by the alkylsulphate method, and have inferred 
the presence of isocyanides from the disagreeable odour of the products, 
little attention has been paid to the conditions under which these 
impurities are formed ; there is no record of any estimation of their 
amount, nor has their presence ever really been proved. As the 
boiling points of the respective isomerides are some 20° apart, it 
seemed feasible to separate them by fractional distillation, and the 
first experiments (Proc., 1900, 16, 156) appeared to justify this 
belief. 

The products obtained by distilling dry potassium methyl- or ethyl- 
sulphate with potassium cyanide separate cleanly into two nearly equal 
fractions when redistilled, and these have the odour and approximately 
the boiling points of the respective isomerides. On further ex- 
amination, however, it was found that although the higher or nitrilic 
fractions are homogeneous, the lower fractions are mixtures of constant 
boiling point, containing nitriles, alcohols, and hydrogen cyanide with 
comparatively little tsocyanide. Mixtures of nitriles and alcohols of 
constant boiling point have been investigated by Gautier (Joc. cit.) and 
Vincent and Delachanal (Compt. rend., 1880, 90, 747); they have 
minimum boiling points which are singularly steady over a wide range 
of composition, and when hydrogen cyanide and small quantities of 
isocyanides are added to them, products are obtained which are 
identical with the lower fractions from the synthetic interactions. 
These distil within two or three degrees of the pure isocyanides, and 
their odour is even more persistent, probably because the alcohol 
vapour modifies the paralysing action of the pure substances. 

It was not practicable, therefore, to separate the tsocyanides as 
such (compare Browning, Trans., 1900, '7'7, 1236, and Kaufler and 
Pomeranz, Monatsh., 1901, 22, 492), and they were estimated by 
hydrolytic conversion into the corresponding amines, the hydrochlorides 
of which were separated from ammonium chloride by means of alcohol 
and ether, and weighed. The nitriles were estimated roughly by con- 
version into the silver salts of the corresponding acids. 
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Distillation of Dried Materials. —The materials were either thoroughly 
dried and sifted together or mixed with water, and were heated in an 
oil-bath. The action follows a well-defined course under each set of 
conditions, and with the dried materials is practically coincident with 
the fusion or softening of the alkylsulphate, the temperature varying 
from about 180° with potassium ethylsulphate * to 290° with the 
isoamyl compound ; there is no charring, and the distillate is clear 
and practically colourless. It is particularly to be noted that there 
is no action until the mass becomes wet, so that the process is not a 
“dry” one as is usually supposed, and as the liquid contains much 
alcohol from the decomposition of the alkylsulphate, the action takes 
place virtually in a saturated alcoholic solution. 

The estimated amounts of isocyanide in gram-mols. per gram-mol. 


of material * were : 
Me. Et. Pra, isoBu.  isoAy. 
isoCyanide in gram-mols. 
per gram-mol. ......... 0024 0043 0°022 0014 nil. 


The maximum yield of isocyanide is thus 4°3 per cent. of that which 
is theoretically possible. The maximum yield of nitrile was 40 per 
cent. of the theoretical from the ethyl compound ; the amyl compound 
gave less than 15 ner cent. 

Distillation of Moistened Materials and of the Dry Residue therefrom.— 
When the materials are made into a cream with water, the latter 
alone passes over at first, but as soon as the mass becomes thick and 
pasty, effervescence and distillation set in, as when the materials are 
previously dried. The distillate separates into two layers, the heavier 
of which is mainly water, but the reaction otherwise follows the same 
course, the mass gradually drying up and distillation ceasing when 
the centre has become dry. On the other hand, the temperature is in 
every case much lower, the initial temperature of interaction varying 
from about 115° with potassium ethylsulphate t to 180° with the amyl 
compound, and the final temperature from about 130—250° in these 
extreme cases. The results obtained were as follows : 

Me. Et. Pre. <isoBu. isoAy. 
isoCyanide in gram-mols. 
per gram-mol. ............ 0-031 0:050 0:020 0010 trace 


The amount of isocyanide formed in saturated aqueous solution is 
therefore substantially the same as in the saturated alcoholic solution 
of the “dry” reaction, the maximum being 5-0 per cent. of the 


* The reaction with the methyl compound requires a considerably higher 
temperature. 

¢ As Linneman (Annalen, 1868, 148, 252), working with very large quantities of 
potassium ethylsulphate, isolated triethylamine hydrochloride equivalent to 0°015 
gram-mol., these figures are somewhat too high, 
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theoretical with the ethyl compound. Nitriles were present in some- 
what smaller quantities than in the “ dry” distillation. 

The main effect of adding water to the materials appears therefore 
in the lowering of the temperature of the interaction. An important 
difference becomes evident, however, if the heating of the residue be 
continued ; no further sign of moisture or effervescence is apparent, 
but on reaching the temperature at which the interaction of the dried 
materials begins, a vigorous evolution of vapours takes place, which 
condense to a homogeneous distillate. The products formed at this 
stage, the only one, it is important to note, in which no solvent is 
present, proved to be essentially different from the others. Nitriles 
are still formed in considerable quantity, but isocyanides are entirely 
absent. 

b. The Aromatic Sulphonate Interactions. 

In view of the material reduction of the temperature of interaction 
of the alkylsulphates in presence of water, the influence of this agent 
was tried on the distillation of potassium cyanide with potassium 
benzenesulphonate. The results in this case were negative, the only 
change observed being the steady hydrolysis of the potassium cyanide ; 
at temperatures near the softening point of soda-glass, however, 
benzonitrile is formed. 


c. The Alkyl Iodide Interactions. 


The Action in Alcoholic Solution.—The alternative method for the 
synthesis of nitriles from potassium cyanide, by interaction with 
halogen compounds, was devised by Buckton and Hofmann ((oc. cit.), 
at Williamson’s suggestion, for the preparation of propionitrile. It is 
not suitable for the preparation of pure nitriles on account of the 
tendency of these liquids to form mixtures of constant boiling point 
with the alcohol ; their presence is demonstrated however, not only by 
the excellent yield of fatty acid obtainable, but by the identity of the 
products with alcoholic solutions of pure nitriles, and the possibility of 
isolating the latter from either (Gautier, Joc. cit.) by a somewhat com- 
plicated process. There is no doubt, therefore, that the nitriles are 
present as such in the synthetic products, and are not combined with 
the alcohol as imino-ethers or the like. 

On the other hand, there is no evidence of the actual presence of 
isocyanides. Appreciable quantities of the amines which would be 
produced by their hydrolysis are often present; tsopropylamine and 
ditsopropylamine have been obtained in the preparation of isobutyro- 
nitrile (Siersch, Annalen, 1868, 148, 263), and n-butylamine in that 
of valeronitrile (Lieben and Rossi, Annalen, 1871, 158, 173). The 
presence of these bye-products is consistent with the initial formation 
of isocyanides, but it might equally well be due to the hydrolysis of 
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alkyl isocyanates (Lieben and Rossi, Joc. cit.), or the interaction of the 
alkyl halogen compounds with ammonia, formed by hydrolysis of the 
potassium cyanide (Frankland, Trans., 1880, 37, 567). 

To procure more decisive evidence, the various alkyl iodides were 
heated with potassium cyanide which was known to be free from 
cyanate, the amines being estimated as before. The pure cyanide was 
made by adding anhydrous hydrogen cyanide to the equivalent amount 
of alcoholic potash ; the equivalent amount of alkyl iodide was then 
added, and the mixture boiled on a water-bath. The reactions with 
methy] and ethyl iodides are soon complete, and with propyl and iso- 
propyl iodides but little cyanide remains after 5 hours’ boiling ; with 
isobutyl and isoamy] iodides, however, the action is much slower, and 
even after 24 hours’ boiling much material remains unchanged. 

The amounts of amine hydrochloride in gram-mols, per gram-mol. 
are appended (0:2 gram-mol. of material being used) ; the figures, as 
with the alkyl sulphates, are too high, analysis of the platinichlorides 
showing the presence of secondary or tertiary amines : 

Me, Et. Pre, Prg. © isoBu. isoAy. 
Amines from interaction 


with alkyl iodides ... trace 0°005 0°032 0°038 0:°018 0-023 


The conditions of the experiments preclude the presence of alkyl 
cyanates, and the amines must therefore be formed either from iso- 
cyanides, or by interaction of the iodides with ammonia. Of the iodides 
used, however, the methyl and ethyl compounds interact with ammonia 
much more rapidly than the others, and it is scarcely conceivable that 
if the amines are due to this interaction, the methyl and ethyl amino- 
compounds should be formed in much the smallest quantity. Ammonia 
may be, and probably is, present, but it is in combination, the products 
being invariably acid,* and it is thus not in a state to react with the 
alkyl iodides. 

It will be seen later that isocyanides cannot exist in alcoholic solu- 
tion in presence of alkyl iodides, but are hydrolysed to amine hydr- 
iodides, and there is no doubt therefore that the amines present in the 
synthetic products indicate the initial presence of these compounds. 

The Action in Absence of Alcohol.—In the absence of alcohol, the 
action between potassium cyanide and alkyl iodides is slow, and at 
180°, the temperature recommended by Gautier (Joc. cit.), is still in- 
complete after many hours. The best results are obtained at a some- 
what higher temperature, namely, 200° and upwards, and the product 
at the end of 2 hours is then nearly pure nitrile. In neither case are 
tsocyanides present as such, but after distilling the nitrile, a small, 
tarry residue is left, which yields the corresponding amine on hydro- 


* The acidity is apparently due to the hydrolysis of the alkyl iodide. 
VOL, LXXXI. 5 P 


1602 WADE: THE CONSTITUTION OF THE METALLIC CYANIDES. 


lysis ; it is shown below that isocyanides are converted into similar 
tarry substances when heated with alkyl iodides, and the initial 
presence of the former may therefore be inferred. 

In the search for more direct evidence, it was found that the inter- 
action is dependent on the presence of water, and does not take place 
when the materials are dry. In one experiment, some ethyl iodide, 
which had been dried with fused calcium chloride for some days, was 
heated with potassium cyanide for 2 hours at 200°; it distilled un- 
changed when the tube was opened, and the cyanide was also free 
from iodide ; the addition of a drop of water, however, secured the . 
normal result. The interaction was then tried at various temperatures 
with moist ethyl iodide, and it was found that at 100° although 

, little, if any, propionitrile is formed, the unmistakable odour of ethyl 
_tsocyanide is apparent when the tube is opened ; the conversion into 
the tarry substance proceeds rapidly only at higher temperatures. 

It follows, therefore, that small quantities of isocyanides are actually . 
formed in the interaction between alkyl iodides and potassium cyanide, 
but in the ordinary course are destroyed by hydrolysis or resinification. 


d. The Conditions Governing the Formation of the Isomerides. 


It is clear from the above results that the essential condition for 
the formation of isocyanides from potassium cyanide is the presence of 
a solvent, In the alkylsulphate interactions, these substances only 
occur when water or alcohol is present, and when these solvents are 
absent, as in the distillation of the dry residue from the moistened 
materials, no isocyanide is produced. In the interaction with the 
benzenesulphonate, the conditions of temperature are such as to 
preclude the presence of a solvent, and no tsocyanide is formed. With 
alkyl iodides in alcoholic solution, a solvent is again present, and the 
products of the decomposition of ¢socyanides are found, whilst when 
alcohol is absent water must be added before the reaction will take 
place. The conclusion, therefore, can scarcely be avoided that the 
interaction by which isocyanides are formed from potassium cyanide 
is ionic. 

As regards the nitriles, the question is more difficult. Their pro- 
duction in the alkylsulphate action can scarcely be due to ionic inter- 
change, because they are produced at one stage by decomposition of 
a dry solid ; ionic interaction is also obviously inadmissible with the 
sulphonates. On the other hand, the conditions of the alkyl iodide 
interactions are such as admit of their formation in this manner. 
Viewing the actions as a whole, however, it must be concluded 
that the nitriles are not produced in the same way as the iso- 
cyanides. 


WADE: THE CONSTITUTION OF THE METALLIC CYANIDES. 1603 


Before discussing further possibilities, it will be convenient to con- 
sider the conditions under which isocyanides are transformed into 
nitriles. 


Il. The Inadequacy of the Hypothesis of Isomeric 
Conversion. 


Although both Gautier and Hofmann (oc. cit.) observed small 
quantities of nitriles in isocyanides which had been prepared from 
silver cyanide, apparently due to isomeric conversion, the former 
chemist failed to obtain evidence of such conversion with: pure %so- 
cyanides. Weith, however, showed (Ber., 1876, 9, 454) that phenyl 
isocyanide is transformed into benzonitrile at a high temperature, and,, 
more recently, Nef has proved that o-tolyl and ethyl isocyanides 
(Annalen, 1892, 2'70, 311; 1894, 280, 295) undergo similar changes. 
The temperature at which the aromatic isocyanides are isomerised 
being far below that at which the nitriles are formed in the interaction 
with sulphonates, it appeared possible that the genesis of the latter 
is in these cases due to isomeric change. As regards the fatty nitriles, 
however, there appeared to be less warrant. for this hypothesis ; 
Gautier failed to convert pure ethyl isocyanide at 200°, and Nef 
specifically states that the temperature of the transformation is 
230—255°, and that the isocyanide remains unchanged after heating 
for several hours at 210°, a temperature well above that at which the 
formation of the nitriles is complete in the synthetic interaction. 

The Conversion of the Aliphatic isoCyanides.—In repeating and ex- 
tending the work of Gautier and Nef, the main question was one of 
temperature, and to secure definiteness and constancy in this respect, 
the isocyanides were heated in sealed tubes in the vapours of pure 
liquids, namely, nitrobenzene (208°), aniline (184°), bromobenzene 
(156°), amyl alcohol (132°), and water. The amount of change was 
estimated by hydrolysing the product, and weighing the ammonium 
chloride and amine hydrochloride, which were formed from the nitrile 
and unchanged isocyanide respectively. The identity of the nitriles 
was confirmed by analysing the silver salts of the resulting fatty 
acids, 

The results at first obtained were erratic, and it was eventually 
found that when thoroughly dried with potash, both methyl and ethyl 
isocyanides are very resistant ; in one case a specimen of the ethyl 
compound withstood a temperature of 250° for two hours, without 
undergoing appreciable change. If, however, the isocyanides are not 
too carefully dried, or the dry isocyanides are moistened with a drop of 
water, conversion is in every case effected as low as 184°. The nega- 
tive results of Gautier and Nef were thus due to the purity of their 
5P2 
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materials. The results with moist isocyanides may be summarised as 
follows : 


Temperature. Rate of change. 
100° Nochange after many hours. 
132 ” % 9 
156 Slight change with ethyl tsocyanide, scarcely measurable, 
184 Steady conversion in every case; 15—25 per cent. in 


four hours. 
208 Rapid conversion, often practically complete in two 


hours. 
Analyses of Silver Salts. 
Percentage of silver in silver 
salt of acid. 
isoCyanide. Nitrile. 
Found. Calculated. 
ED Talc dsecobaecsted Apotonitrile. «50055. <sscesses 64°7 64°7 
SE Wiatenstssccsescevees Propionitrile  ........6.s.00 59°8 59°7 
Rs S65c0nctbeserses n-Butyronitrile ............ 55°6 554 
See isoButyronitrile ............ 55°5 55°4 
PE nsccscvsccvessece n-Valeronitrile............++ 52°0 51°7 
SEED thbcetousvescouess isoValeronitrile ......,..... 51°8 51°77 
PEE S055 s.000 css s6cpee isoCapronitrile............... 48°8 48°0 


The Conversion of Phenyl isoCyanide and Suggested Mechanism of 
the Change.—The phenyl] isocyanide which Weith converted into benzo- 
nitrile was made from chloroform and aniline by Hofmann’s method 
(Proc. Roy. Soc., 1868, 16, 148), and contained much aniline, besides 
resinous and coloured substances ; such a product readily undergoes 
conversion in two or three hours at 220°. When, however, the isocyanide 
is purified by Nef’s method (Annalen, 1892, 2'70, 274), it simply passes 
rapidly when heated into a solid resin, which is apparently identical 
with that which Nef has observed to be formed slowly at the ordin- 
ary temperature. This resin yields formic acid and aniline on hydro- 
-lysis, but no ammonia or benzoic acid could be found, and the charac- 
teristic isocyanic grouping has therefore not undergone rearrangement 
of a nitrilic character,* When, however, aniline is added to the pure iso- 
cyanide, the isomeric conversion proceeds quite smoothly, and there is 
no difficulty in separating benzonitrile almost quantitatively from the 
product. 

It is thus clear that with phenyl tsocyanide, as with the aliphatic 


* When treated with appropriate solvents, this resin yields a crystalline blue 
substance, which appears to be the colouring matter of Hofmann’s isocyanide, 


___—________—__ 4 
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compounds, the transformation is not simple in character, and that inter- 
mediate products must be formed ; moreover in the case of the aromatic 
compound it seems probable that there is a stage which is analogous 
to the Beckmann transformation of oximes. By the combination of 
phenyl ¢socyanide with aniline, a substance, diphenylformamidine, is 
readily formed, which yields benzonitrile at a high temperature ; it is 
isomeric with a second substance, phenylbenzamidine, which is readily 
resolved into aniline and benzonitrile at the temperature of the 
isomeric conversion. The first isomeride can be separated from the 
half-converted phenyl isocyanide without difficulty, and the presence of * 
phenylbenzamidine is indicated by the ready manner in which the 
product at this stage yields ammonia. The mechanism of the trans- 
formation may therefore be as follows : 


HC *‘NHPh 
Ph:N 
Diphenylformamidine. Pheny] benzamidine. 


Ph:CiN + NH,*Ph. 


— + 


Ph:N:C + NH,-Ph —> oe 


The Inadequacy of Isomeric Conversion for the Genesis of Nitriles. 


The comparative slowness of the above isomeric change is in 
marked contrast with the rapidity with which, in the majority of 
cases, the nitriles are formed from potassium cyanide, and although 
the temperature at which phenyl isocyanide is converted into benzo- 
nitrile is far below that which is required for the formation of the 
nitrile from potassium cyanide, the evident complexity of the trans- 
formation renders it unlikely that the isocyanide is formed as a pre- 
cursor, With the aliphatic compounds, the conditions of temperature 
are such as to render the hypothesis of isomeric transformation quite 
untenable. The conversion does not take place below 156°, and even 
at 184° requires many hours, whereas the reaction with the dry 
ethylsulphate is complete in a few minutes at a temperature of 
180—190°. In presence of water, moreover, acetonitrile and pro- 
pionitrile are formed freely below 130°, and Kaufler and Pomeranz (oc. 
cit.) have recently obtained the former compound in quantity from 
dimethyl! sulphate and aqueous potassium cyanide at 0°. 

Further evidence is afforded by the action of heat on the double 
salts which the isocyanides form with silver cyanide ; these solids de- 
compose cleanly into their constituents at a. temperature of 190—200°, 
or substantially that at which the corresponding nitriles are formed 
from potassium cyanide in the “dry” reactions ; yet the tsocyanides thus 
produced contain only traces of nitriles. It is obvious, therefore, that 


7 
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only a very small proportion of the nitriles formed from potassium 
- cyanide can be attributed to isomeric change. 

The hypothesis of isomeric transformation does not adequately 
account for the formation of the aliphatic nitriles from potassium 
cyanide, and it is doubtful whether it represents the formation ‘of 
benzonitrile. 


Ill. The Inadequacy of the Hypothesis of Tautomerism. 


The isocyanides and nitriles being independent products, it follows. 


that if they are both formed by ordinary interchange of radicles, 
potassium cyanide must be a mixture in which the nitrilic form pre- 
ponderates. It is important to note that the evidence for the nitrilic 
constitution of the alkali cyanides is based exclusively on the produc- 
tion of nitriles from them. In every other respect, their behaviour is 
analogous to that of the alkyl isocyanides. Their solutions dissolve 
silver cyanide just as the alkyl isocyanides do, and from these solutions 
in each case double salts can be separated of the form RAg(CN),. 
Potassium cyanide combines with ethyl hypochlorite in the same way 
as ethyl isocyanide does (Nef, Annalen, 1895, 287, 274). Tetramethyl- 
ammonium cyanide, which is formed by the combination of the alkali 
hydroxide with the acid, and resembles the alkali cyanides, decomposes 
into trimethylamine and methy] isocyanide when heated (Thompson, Ber., 
1883, 16, 2338). The general properties of the alkali cyanides are 
in sharp contradiction to the alleged nitrilic character deduced from 
their synthetical interactions. 

With the cyanides of the heavy metals, the synthetical actions are 
themselves mutually contradictory. When alkyl cyanides are made 
from silver cyanide at a sufficiently low temperature (Gautier, Joc. cit.), 


a practically quantitative yield of isocyanide is obtained, free froma ~ 


trace of nitrile; the present writer has examined for nitriles many 
specimens prepared in this way, with entirely negative results. On 
the hypothesis of direct interchange, silver cyanide is thus exclusively 
isocyanic. Yet with acyl compounds, such as benzoyl chloride (Liebig 
and Wohler, Annalen, 1832, 3, 267) and acetyl chloride (Hiibner, <bid., 
1861, 120, 334), large yields of acyl cyanides are obtained which are 
‘ undoubtedly nitriles, for they are converted by hydrochloric acid into 
the corresponding amides (Claisen and Shadwell, Ber., 1878, 11, 1563). 
On the hypothesis of direct interchange, silver cyanide is thus nitrilic. 

This conclusion cannot be explained by the tautomerism of hydrogen 
cyanide ; it is obviously impossible to assume that the acid from which 
the silver salt is prepared is a nitrile when the salt is intended for 


interaction with acetyl chloride, but an isocyanide when it is to be. 
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used for the preparation of ethyl isocyanide. If direct interchange of 
radicles be assunied, it follows that the silver salt is itself tautomeric ; 
Laar’s hypothesis, however, is based on the lightness and high velocity 
of the hydrogen atom, and its extension to the heavy silver atom is 
not justifiable dynamically; an atom cannot vibrate in a stable 
condition around a group of one-fourth of its mass. 

Apart from the synthetical interactions with acyl chlorides, there is 
no more reason for assuming a nitrilic constitution for silver cyanide 
than for the potassium salt. The same is true of the cyanides of 
the other heavy metals; mercuric cyanide also yields both tsocyanides 
and nitriles under similar conditions, yet is undoubtedly an isvcyanide, 
its low electrolytic conductivity (Ley and Kissel, Ber., 1899, 32, 1357) 
and the low #.M.F. of its couple with mercury (Kieseritzky, Zeit. 
physikal. Chem., 1899, 28, 385) both pointing to a linking of mercury 
with nitrogen. 

The evidence of the synthetic interactions being conseuiiialies 
and the other chemical actions of the salts pointing exclusively in one 
direction, it must be concluded that the metallic cyanides are simple 
substances analogous to the isocyanides in constitution, and that 
the direct interchange of radicles plays an insignificant part in their 
synthetic actions. 


IV. The Additive Hypothesis. 


The only remaining hypothesis is that of Nef. Its primary assump- 
tion is based on the fact that the activity of the alkyl csocyanides.is 
caused by the unsaturated, bivalent condition of the carbon; ethyl 
and phenyl isocyanides, for example, combine with acetyl and similar 
chlorides, forming the alkyliminochlorides of pyruvic and other © 
ketonic acids, the acyl chloride becoming linked directly to the carbon 
(Nef, Annalen, 1892, 2'70, 295) : 


EtN:C + AcCl = Et‘N:CCl-Ac (or CH,‘CO-CCI:NEt). 


_ The phenyl compound is much less active than the methyl com- 
pound -in forming such combinations, and Nef explains this by 
assuming that the additive power of the dsocyanogen carbon is de- 
creased by the juxtaposition of negative, and increased by that of 
positive, radicles. As potassium isocyanide contains a highly 
positive radicle, it should therefore form additive compounds very 
readily, and the compounds with alkyl iodides and the like may be 
expected to break up, leaving nitriles : 


K°N:C + EtIl = K-N:CI-Et = KI + NiC-Et. 


The Formation of Nitriles from Potassium and Silver Cyanides.—The 
various phases of the interaction of potassium cyanide, as described 
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above, are satisfactorily accounted for by this hypothesis. Direct 
interchange of radicles only occurs when the'conditions favour ionisation, 
as should be the case, and the limited yield of isocyanides thus obtained 
is intelligible on the assumption that the additive compounds are 
incapable of breaking up again into their original constituents, and 
withdraw the cyanogen ions from solution. The cessation of the inter- 
action with potassium alkylsulphates when the mass becomes dry and 
the decomposition of the dry residue at a higher temperature dis- 
tinctly point to the presence of such moderately stable intermediate 
compounds. 5 

As regards the synthetic interactions of the alkali cyanides, Nef’s 
hypothesis, although not absolutely proven, gives an accurate repre- 
sentation of the facts, and the actions may therefore be represented 
as follows : 


K‘NC + EtKSO, = KKSO, + Et-NC; 
K‘N:C + Et‘KSO, = K-N:0(S0,K)Et = K,80, + NiC*Et ; 
K‘N:C + Ph'S0,K = K*N:0(S0,K)-Ph = K,SO, + NiC*Ph; 
K‘N:C + Ac,O = K*‘N:0(OAc)*Ac = KOAc + NiCAc. 


The formation of acyl cyanides from the silver salt is accounted for 
in the same way, and the parallel to the corresponding actions with 
isocyanides is so close as to leave no doubt as to the correctness of the — 
explanation : 


Et-N:C + AcCl = Et*N:CCl*Ac (—> Et-(NH, + CO,H°Ac) ; 
Ag*N:C + AcCl = Ag*N:CCl*Ac = AgCl + NiC*Ac (—> CO,H’Ac). 


The Formation of isoCyanides from Silver Cyanide.—Nef’s hypothesis 
does not explain, however, the formation of isocyanides from the 
cyanides of the heavy metals, of which silver cyanide may be taken as 
the extreme type. On account of the apparent absence of definite 
action between the alkyl iodides and alkyl isocyanides, Nef concludes 
that there is no parallelism in this respect between the isocyanides and 
silver cyanide, and that the only method by which the isocyanides can 
be formed from the latter is that of direct replacement (ausschliesslich 
directe Ersetzwng) of the metal by an alkyl group. ‘lhis assumption is 
not warranted by the facts. Silver cyanide is not appreciably ionisable, 
and there is obviously an additive stage in Gautier’s -reaction. When 
dry silver cyanide is boiled with methyl iodide on a water-bath, the 
iodide is rapidly absorbed, even when the amount of silver salt is insuffi- 
cient to form the double silver alkyl compound; the product is a 
viscous liquid which solidifies on cooling, and does not yield isocyanide 
unless heated at 180—200° or treated with aqueous potassium 
cyanide at 100°. There is little doubt that the initial stage of this 
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action is parallel to the action of alkyl iodides on isocyanides, just as 
the initial stages of the action of acyl chlorides on these compounds 
are similar. 

The Action of Alkyl Iodides on isoCyanides.—The action of alkyl 
iodides on isocyanides was first studied by Gautier (loc. cit.), who 
expected to obtain a crystalline “carbylammonium” iodide, 
CH,*NMeI:C; he found only an unworkable tar, which, however, 
resembled ammonium salts in being soluble in water, although its con- 
stituents are insoluble. Liubawin (J. Russ. Phys. Chem. Soc., 1885, 
1, 193) repeated this work and obtained both methylamine and 
dimethylamine by heating the tar with baryta; he also prepared a 
similar tar from ethyl isocyanide and ethyl iodide. Nef has more 
recently obtained a similar tar from phenyl isocyanide. 

The present writer finds that the interaction is general, and has 
obtained similar products from all the isocyanides available ; 
unfortunately, they have proved equally unworkable, so that complete 
analysis is impracticable. It is most probable, however, that these 
tars, whilst mainly polymerised forms of the isocyanides, consist in 
part of additive compounds of the type formulated by Gautier, and 
there is no doubt of the presence in them of compounds in which 
nitrogen is linked to two alkyl radicles. On hydrolysis, they yield 
primary amines, which contain a considerable proportion of the 
secondary or tertiary bases, as the following analyses of the platini- 
chlorides show : 


MeNC,MeI. Pt found=41'03 per cent.=11 per cent. of NHMe, ; 
EtNC,MelI aa 38°59 _,, ‘— = »  NHEtMe. 
(NH,Me),,H,PtCl, requires 41°30, (NH,Et),,H,PtCl, 38°98 per cent. 


When the action is carried out in alcoholic solution, preferably in 
sealed tubes at 100°, much more definite results are obtained. The 
tsocyanide completely disappears in the course of a few hours, and on 
evaporating the product, tars are left which readily crystallise ; in some 
cases, crystals were formed before the tube was opened. The products 
are highly coloured, but after washing with, or recrystallising from, 
chloroform, they form colourless plates which have all the characters 
of amine hydriodides, and resemble specimens of the latter prepared 
directly from the respective amines. The appended analyses show 

that in every case considerable proportions of secondary or tertiary 
- bases are also present, the carbon being too high, and the iodine too 
low. The nitrogen was determined by distilling with alkali and 
titrating the amine, the iodine by Volhard’s, and in some cases, 
X, by Carius’s method. 
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Products of the Action of Alkyl Iodides on isoCyanides. 


lodide. M. p. | C. | H. RM ited” 
Methyl isocyantde. 
_ Methyl ..... kelaveevioes 240—250° 89 4°0 — 77°8 
BORO ewes bode svcccees -= 8°5 4°4 8°8 78°2 X 
Re a... 245—250 8:8 3°6 8°5 77-2 
i 244—248 8°0 3°9 8°6 — 
MRS “Liegeeseceececees —_ 8°3 3°9 78°4 
Se 247—249 8°5 _ — 78°3 X 
CH,"NH,, HI...... 249 75 | 88 8-9 79°8 
Ethyl isocyanide. 
ee 188—186° | 142 4°8 79 72°6 
 sesitscccacs'sss:y0001 188-188 | 15°0 4°6 8-0 72°2 
M-Propyl] .............00-0 183—185 15°8 4°9 _ 71°9 
DE tisibsicicnesesees — | 150 4°7 77 ~ 
| ne 182—185 | 1574 4°7 ae... 72°0 
0,H,;"NH,,HI ... 187 | 189 46 81 73°4 
n-Propyl isocyanide. 
ics assist cca on 19°8 5°3 ine 52 
ae 20°3 5°3 7°4 65°8 X 
C;H,"NH,,HI... Tepe 54 75 67°8 
. n-Butyl isocyanide. - 
SEE Riindenssscoceease _ | 25°83 6 2 _ _ 
icine... sacesoc ~~ | 24:0 62 mm 62°5 X 
C,H,’NH,,H1_... — 23°9 6:0 70 631 
isoAmyl isocyanide. 
INES ecco cccscicscesees 29°0 67 _ 57°5 X 
Bocas cocveoees - 28°2 65 _ on 
C;H,,°NH,,H1 ... — 27°9 6°6 65 59°0 


Similar products were obtained from isopropyl, isobutyl, allyl, and phenyl isocyan- 
ides, but were not analysed. 


These hydriodides are formed by direct hydrolysis of the isocyanides 

or their additive products, the necessary water being abstracted from 
the (anhydrous) alcohol; ether is separable in quantity, and the 
_ presence of an alkyl formate was also proved. The action may be 
compared with the dehydration of acetic acid by ethyl isocyanide 
(Gautier, loc. cit.), and the dehydration of sulphuric acid by potassium 
cyanide (Wade and Panting, Trans., 1898, '73, 258) : 


Ev'N:C + EtI + 4EtOH = £t'NH,,HI + H°CO,Et + 2Et,0 ; 
Et-NEtI:C + 3EtOH = NHEt,,HI + H*CO,Et + Et,0; 
Et‘N:C + 2AcOH = Et‘N:CH-OH (=H-CO-NHEt) + Ac,0. 


. 
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To prove that addition had not been made to the carbon of the 
isocyanide, the products, both solid and liquid, were in many cases 
examined for fatty acids other than formic acid, but with uniformly 
negative results. 

Proposed Modification of the Additive Hypothesis.—The nitrogen 
alone of the isocyanide being thus affected, there are two available 
modes of action of alkyl iodides on isocyanides; the isoeyanide may 
‘become polymerised, or it may form an additive compound with 
the iodide. With silver cyanide, the second course is alone possible, 
and additive compounds are formed in which the alkyl iodide is 
linked to the nitrogen, and which break up into silver iodide and the 
alkyl isocyanides : * . 

Et‘-N:C + MeI = Et*-NMeI°C ; 
Ag*N:C + MeI = Ag*NMeI°C = Agl + NMe-C. 


The mechanism of the formation of isocyanides from silver cyanide is 
thus comparable with that of the action by which acetyl cyanide is 
formed, in the one case the new group becoming linked to the nitrogen, 
and in the other tothe carbon. At the same time, no explanation 
is afforded of this essential difference in detail ; there is no apparent 
reason why addition should not be made to the nitrogen when alkyl 
but to the carbon when acy]! radicles are interacting, and it is in this 
respect that the additive hypothesis newts carrying to its logical 
conclusion. 

The only difference between the two sets of reactions is that which 
exists between the alkyl and acyl compounds themselves, and it is to 
this that the difference in the additive power of the silver cyanide 
must be due: ‘ 


Ag'N:C + Etl = Ag‘NEtI:0 = “Agl + NEt:C; 
Ag'N:C + AcCl = Ag*N:CClAc = AgCl + NiC:Ac. 


Comparing these interactions with the «parallel actions with alkyl 


isocyanides : 
Et-N:C + EtI Et-NEtI-C ; 


Et‘N:C + AcCl = Et:N:CClAc ; 


it will be seen that, in both cases, it is the strongly negative acid 
radicle which combines with the carbon,-and the feebly positive 
alkyl which combines with the nitrogen; when, on the other hand, 
the radicle of the isocyanide is itself strongly positive, as in potassium 
cyanide, the alkyl and acyl radicles alike combine with the carbon. 


ll 


* Kanfler and Pomeranz (Joc. cit.) regard the metallic cyanides as nitriles, and 
conclude that the synthetical nitriles are formed from these by ionic interaction 


+ - -~ 
(KCN + MeI=KI+ MeCN), and the isocyanides by means of additive compounds of 
the type Ag*C:N:Mel. i 
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The additive power of the carbon atom of the isocyanide radicle is 
therefore dependent, not merely on the electrochemical character of 
the metallic or alkyl radicle of the cyanide itself, as Nef assumes, 
but on its electrochemical position relatively to the radicle of the inter- 
acting alkyl compound: it is only when the isocyanide radicle is 
sufficiently positive with regard tio the radicle of the interacting 
molecule that the latter combines with the carbon of the tsocyanogen 
group, and when these radicles are electrochemically adjacent, the 
interacting molecule combines with the nitrogen. 

With this extension, the additive hypothesis gives a complete account 
of the synthetical interactions : 

K°N-C + EtI = K-N:CEtl = KI + NiC-Et 

K'N:C + EtKSO, = K-N:CEt‘S0,K = K,SO, + NiC-Et. 
. + + 

strongly feebly 


Et-N:C + EtI = Et-NEtI‘C 

Ag'N:C + EtI = Ag-NEtI:C = AgI + NEt:C 
+ + 

feebly  feebly 


Et-N:C + AcCl 
Ag*N:C + AcCl 
+ a 
feebly strongly 


Et-N:CClAc 
Ag*N:CClAc = AgCl + NiC-Ac 


The modified hypothesis also accounts for the formation of nitriles 
in the diazo-synthesis ; the diazo-chlorides, being strongly negative, 
combine with the carbon of the cuprous or other cyanide, forming com- 
pounds of the same type as those which are formulated above ; these 
decompose into metallic chlorides and the diazo-cyanides, which 
(Hantzsch and Schultze, Ber., 1895, 28, 666) are the precursors of the 
nitriles : 

Cu:N:C + Ph-N,°Cl = Cu-N-CCl'N,*Ph = CuCl + NiC-N,°Ph.* 
+ - 
feebly strongly 


* The hypothesis is applicable to other groups of reactions, in which the con- 
stitution of a metallic salt is deduced from its interactions with alkyl compounds, 
' It does not follow, for example, that because silver cyanate and nitrite yield alkyl 
isocyanates and nitro-compounds respectively, the metal is necessarily linked to 
nitrogen ; it may equally well be linked to oxygen, the alkyl derivatives being 
formed by means of additive compounds : 


Ag*O*N:0 + Mel = Ag’O*NMel:0 =Agl + O:NMe:0 ; 
Ag*O°C:N + MeI=Ag*O°CI:NMe=Agl +0:C:N Me. 
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V. Constitution of Hydrogen Cyanide. 


It has been implicitly assumed that, by establishing the constitution 
of the metallic cyanides, that of the hydrogen compound would be fixed, 
and hydrogen cyanide has accordingly been regarded as a nitrile or an 
isocyanide, as the metallic salts were assigned to one or the other of 
these classes. The complexity of the relations between the metallic 
-‘and alkyl cyanides renders this assumption untenable ; it no more 
follows that hydrogen cyanide is an isocyanide because it is intercon- 
vertible with silver cyanide, than that the latter is a nitrile because it 
is interconvertible with acetyl cyanide. The methods available for 
the solution of this problem are a comparison of the reactions of 
hydrogen cyanide with those of its alkyl derivatives, and a similar 
comparison of its physical properties. : 

The Chemical Relations of Hydrogen Cyanide.—The method of 
hydrolysis, which gives the decisive data for the constitution of the 
alkyl cyanides, at first sight appears to furnish none for that of the 
hydrogen compound ; whether the latter be formonitrile or hydrogen 
isocyanide, the same products will be formed : 

HC:iN —> H°CO,.H + NH, <— OCO-N°’H, 

When, however, the actual details of the hydrolysis are considered, 
it is clear that hydrogen cyanide belongs essentially to the former 
class. It is readily decomposed by boiling alkalis in the same way 
as nitriles, whereas isocyanides are absolutely unaffected by these 
agents, and whilst the isocyanides are rapidly and violently decom- 
posed by the mineral acids, hydrogen cyanide, like acetonitrile, for 
example, is hydrolysed by them comparatively slowly. 

Perhaps the most decisive evidence against an isocyanic constitution 
is furnished by the behaviour of the acid with silver cyanide. One of 
the most striking properties of the isocyanides, which they share with 
the alkali cyanides, is their power of combining with this salt, which 
they dissolve with great rapidity to a clear solution at the ordinary 
temperature, much heat being developed. Nitriles are devoid of this 
solvent action, and hydrogen cyanide resembles them precisely. 
Experiments in which various quantities of the anhydrous acid were 
boiled with silver cyanide gave uniformly negative results, even 100 c.c. 
thus saturated leaving no appreciable residue on evaporation. 

Hydrogen cyanide thus differs radically from the isocyanides in two 
of their most characteristic properties, and in these very respects 
behaves precisely as the nitriles. 

Negative evidence in favour of a nitrilic constitution is furnished 
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by the action of heat on the acid. If it be the first of the isocyanides, 
it should undergo transformation into the corresponding nitrile when 
heated, but no evidence exists,or could be obtained, of the formation of 
such acompound. Dry hydrogen cyanide is perfectly stable at the 
ordinary temperature, as Gautier showed (doc. cit.), but at 100°, or at 
_the ordinary temperature in presence of potassium cyanide, it is 
slowly converted into a hard, black, amorphous mass, from which 
a termolecular polymeride is extracted by ether (Lesceur and 
Rigaut, Compt. rend., 1879, 89,310). This polymeride yields glycosine 
when hydrolysed, and hence is aminomalononitrile, NH,-CH(C:N), ; 
its formaticn points to the polymerisation of formonitrile, and not of 
hydrogen isocyanide, for nitriles always polymerise by the linking 
of the cyanogen carbon; bimolecular acetonitrile, for example, is 
iminobutyronitrile, CH,-C(:NH)-CH,°CN. 

If hydrogen cyanide is identical with formonitrile, this polymeric 
change is intelligible, but if it be an isocyanide, a preliminary isomeric 
conversion must be assumed, some indication of which should be 
obtainable during the slow formation of the polymeride. In a series 
of experiments, in which the anhydrous or nearly anhydrous acid was 
heated at temperatures ranging from 50° to 200°, no indication of such 
an isomeride was apparent ; the liquid part of the product consisted 
throughout of unchanged hydrogen cyanide distilling sharply at its 
original boiling point. The existence of a liquid isomeride of higher 
boiling point, such as Nef suggests (Annalen, 1892, 2'70, 329), is thus 
negatived. Hydrogen isocyanide would have very different properties. 
It would be an extremely active substance having a boiling point con- 
siderably below that of the nitriles, would readily dissolve and com- 

* bine with silver cyanide, would interact explosively with hydrochloric 
acid, and would form additive compounds analogous to those of the 
alkyl isocyanides. 

Most of the chemical actions of hydrogen cyanide point, in fact, to a 
nitrilic constitution. Its production when formamide is dehydrated 
with phosphoric oxide (Hofmann, Trans., 1863, 16, 74), and the similar 
decomposition of formoxime (Dunstan and Bossi, ibid., 1898, '73, 360) 
are parallel to the formation of the nitriles from the homologous 
amides and aldoximes. Its additive compounds are of the same type 
as those which are formed by the nitriles ; the compounds with stannic 
chloride, 2HCN,SnCl,, antimonic chloride, 3HCN,SbCl, (Klein, 
Annalen, 1850, 74, 86), and cuprous chloride, HCN,2CuCl,2HCl 
(Rabaut, Bull. Soc. Chim., 1898, [iii], 19, 785) may be instanced. 
isoCyanides do not form additive compounds of this type. 

The umn of hydrogen cyanide with diazomethane to form aceto- 
nitrile (Pe®hmann, Ber., 1895, 28, 857), and with acetic acid to form 
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acetylformamide, point to the same conclusion; isocyanides dehydrate 
acetic acid, forming alkylformamides (compare p. 1610). The stability of 
hydrogen cyanide towards ethyl hypochlorite and chlorine at — 15° (Nef, 
Annalen, 1895, 287, 274) is inmarked contrast with the activity of ethyl 
isocyanide with these agents at the same temperature. There is, in fact, 
no chemical evidence in favour of an isocyanic constitution (except 
that which involves the assumption of substitution), and much which 
directly indicates a nitrilic constitution. 

Physical Properties of Hydrogen Cyanide.—Recent measurements 

of the physical constants of hydrogen cyanide point even more 
decisively to the same conclusion. Briihl (Zeit. physikal.. Chem., 1895, 
16, 512) has shown that its molecular refractivity agrees with that of 
a nitrile, and is much lower than that calculated for an isocyanide of 
this composition. Schlundt (7. Physical Chem., 1901, 5, 157) has 
.shown that its dielectric constant is exceedingly high, as would be 
expected from the high constants of the lower nitriles; Centnerszwer 
(Zeit. physikal. Chem., 1901, 22, 218) has shown thatits ionising power 
for potassium iodide is similarly very great. The values of the 
electrical constants for the isocyanides are unknown, but from some 
rough comparative measurements with methyl isocyanide the writer 
finds that its dissociative power is far less than that of acetonitrile. 

The most important physical evidence against the nitvilie constitu- 
tion of hydrogen cyanide is its low dissociation constant, from which 
Ostwald has concluded (Lehrbuch, 1887, ii, 849) that it cannot 
contain the strongly negative normal cyanogen radicle; it may be 
pointed out, however, that the trichloromethyl radicle, CCl,, is much 
more negative than the cyano-group, and when introduced into formic 
acid increases its acidity enormously,* yet its hydrogen compound, 
chloroform, is not an acid at all. 

Physiological Properties of Hydrogen Cyanide.—The intensely 
poisonous character of prussic acid has often been cited as evidence of. 
an isocyanic constitution; the isocyanides being assumed to be highly 
poisonous, and the nitriles innocuous. The reverse is nearer the truth, 
however ; recent physiological work (Lang, Arch. exp. Path. Pharm., 
1894, 34, 247; Verbrugge, Arch. Pharmacodynam., 1898, 5, 181) has 
established that the aliphatic nitriles, and cyanogen itself, produce all 
the symptoms which are characteristic of prussic acid poisoning— 
spasmodic respiration, accelerated heart-beat, muscular paralysis, dim- 
inished oxidation, and lowered body temperature. 

The physiological properties of the isocyanides have not been studied 
with the same degree of accuracy, but are quite different from those 
of hydrogen cyanide. Gautier (Joc. cit.) injected methyl tsocyanide 

* K, (formic acid) = 0°0214; K, (trichloracetic acid) = 120. 
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into rabbits without producing toxic symptoms, but found that con- 
tinuous work with these substances produces ill-health, and the 
experience of the present writer and others working in the same 
laboratory confirms the latter statement; the isocyanide vapours 
interfere with the digestive systemand produce symptoms akin to those 


of jaundice. The author has also noticed the important difference that . 


whilst the system soon learns to tolerate hydrogen cyanide vapour toa 
surprising degree, it eventually becomes very sensitive to isocyanides. 

Another point of distinction between hydrogen cyanide and the 
isocyanides is that the vapour of the former, although very harsh and 
disagreeable in odour (or, more correctly, in taste), is devoid of the 
peculiarly nauseous bitterness which is characteristic of the tsocyanides. 

The Relation of Formonitrile to the Metallic Cyanides,—Whilst the 
. evidence for the isocyanic constitution of the metallic cyanides is thus 
conclusive, there are no grounds for assigning this constitution to the 
hydrogen compound; its reactions and physical and physiological 
properties alike indicate its identity with formonitrile. The metallic 
cyanides, as Gautier pointed out more than 30 years ago, are salts of 
the unknown hydrogen isocyanide, H*N:C. The undeveloped state of 
structural chemistry at the time of Gautier’s work precluded the 
explanation which is now possible of the relation of formonitrile to 
the salts of this labile isomeride. 

The convertibility of the metallic cyanides into formonitrile by 
treatment with acids follows at once from the modified electrochemical 
hypothesis by which the synthetic interactions are explained. All 
acids necessarily contain electro-negative radicles, and therefore 
combine with the carbon of the metallic cyanides (compare p. 1612), 
whatever the metal may be; the additive compounds thus formed 
necessarily break up into formonitrile and the metallic salt of the 
acid, just as the alkyl compounds yield the homologous nitriles : 


K-N-C + HCl = K-N:‘CHCl KCl + NCH ; 
K-N:C + EtCl = K-N:CEtCl = KCl + NiCEt. 


Any hydrogen isocyanide which may be formed by ionic interchange 
will either be hydrolysed at once by the acid in the manner charac- 
teristic of isocyanides, or converted into the stable nitrilic form : 


H‘N:C + HCl = H:N:CHCl = HCl + NiCH. 


There is no other way of preparing hydrogen cyanide from metallic 
eyanides, and it is thus impossible that the labile isomeride can 
remain. 

The reverse conversion of formonitrile into the metallic isocyanides 
is parallel to that of the nitromethanes into salts of the isonitro- 
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methanes. The nitromethanes, like formonitrile, are inert compounds 
of scarcely appreciable acidity, but they combine with alkalis in the 
same manner, forming salts of the labile iso-compounds ; the corre- 
spondence is complete, and the acid isonitromethanes have been iso- 
lated (Hantzsch, Ber., 1896, 29, 699 ; 1899, 32, 607): 


CH,‘NO, + KOH = CH,-NO(OH):OK = H,O + CH,:NO-OK ; 
H-C:iN + KOH = H-C(OH):‘NK = H,O + O:NK. 


The assumption that the metal combines with the nitrogen of the 
nitrilic group is justified by the recent work of Blaise (Compt. rend., - 
1901, 132, 38, e¢ seg.) on the interaction of nitriles with magnesium 
alkyl haloids. In these actions, additive compounds are formed in 
which the alkyl group combines with the carbon of the cyanogen, and 
the metal with the nitrogen; the reaction has been studied with all 
classes of nitriles, and there is no exception to the rule: 


RCiN + MgI’‘R = R‘CR:N'MgI (+H,O —> RCO*R). 


VI. The Interactions of Formonitrile and the Metallic iso 
Cyanides as represented by the Modified Additive Hypothesis. 


The sole evidence for a nitrilic constitution for the metallic cyanides, 
namely, the formation of nitriles from them by synthetical processes, 
is equally well explained by the hypothesis of additive compounds, 
analogous to those which are known to be formed by the alkyl ¢so- . 
cyanides ; the synthetical formation of the isocyanides is explained in 
the same way, the addition being made to the carbon or nitrogen atom 
of the cyanogen radicle, according to the electrochemical conditions ; 
the interconvertibility of the metallic cyanides and formonitrile is also 
accounted for by this hypothesis. Until the additive compounds and 
hydrogen isocyanide are isolated, it must necessarily remain an hypo- 
thesis ; it is, however, the only one which accounts for all the 
facts, and is therefore entitled to supersede its defective precursors. 
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A. 


Acacia Catechu, constituents of (PERKIN 
and YosaITAKE), T., 1160; P., 1902, 
139. 

Acetanilide, s-trihalogen derivatives, 
nitration of (Orton), T., 500; P., 
1902, 73. 

2:3:4:6-tetrabromo-, 2:3:4-tribromo-6- 
nitro-, and s-chlorobromonitro-de- 
rivatives (Orton), T., 497; P., 
1902, 59. 

isomeric  chloro-derivatives, from 
acetylchloroaminobenzenes (CHATTA- 
way and Orton), P., 1902, 200. 


| 
| 
| 


2:4- and 4:2-chlorobromo- (CHATTA- | 


way and Wapmore), T., 987; P., 
1902, 173. 


Acetic acid, dissociation and molecular | 


complexity of, in chloroform solution 
(Dawson), T., 521; P., 1902, 69. 
Acetic acid, barium salt, solubility and 

hydrates of (WALKER and FYFFs), 
P., 1902, 246. 

cupric salt, action of heat on (ANGEL 
and Harcourr), T., 1385; P., 1902, 
185. 

mercury salts, action of, on acetylene 
(BuRKARD and TrAvERs), T., 1270 ; 
P., 1902, 183. 

Acetic acid, ethyl ester, action of sod- 
amide and its acyl derivatives on 
(TITHERLEY), T., 1527; P., 1902, 187. 

Acetic acid, cyano-, ethyl ester, action 
of ethyl bromotrimethylsuccinate on 
the sodium derivative of (BonE and 
SPRANKLING), T., 52; P., 1901, 243. 

Acetoacetic acid, menthy] ester, and its 
copper, benzoyl, p-nitrophenylhydr- 
azide, and semicarbazide derivatives 
(LaPwortH and Hann), T., 1501; P., 
1902, 145. 


Acetone, action of sodamide on (TITHER- 
LEY), T., 1526; P., 1902, 186. 

Aceto-m-toluidide, constitution of the 
products of nitration of (COHEN and 
Dakin), P., 1902, 240. 

Acetyl-p-aminoacetophenone from  di- 
acetanilide (CHATTAWAY), P., 1902, 
173. 

4-Acetylaminophenol, 
and 6-bromo-2-nitro- 
T., 1478; P., 1902, 190. 

Acetyl-o-bromopheny] nitrogen chloride 
(CHATTAWAY and WApMoRE), T., 987; 
P., 1902, 174. 


2:3:6-tribromo- 
(RoBERTSON), 


| p-Acetylchloroaminoazobenzene_ 


(CHATTAWAY), T., 982; P., 1902, 174. 


| Acetylchloroaminobenzenes, transforma- 


tion of, into the isomeric chloro- 
acetanilides (CHATTAWAY and ORTON), 
P., 1902, 200. 

Acetylchloroamino-2:6-dibromo-4-nitro-, 
and -2:4:6- and -2:6:4-chlorobromo- 
nitro-benzenes (Orton), T., 497; P., 
1902, 59. 

Acetylchloroamino-2:4:6-t7ibromo-3-ni- 
tro- and -4-chloro-2:6-dibromo-3-nitro- 
benzenes (Orton), T., 503; P., 1902, 
74. 

Acetyl-o-chlorophenyl nitrogen bromide 
(CHATTAWAY and WADMORR), T., 987; 
P., 1902, 174. 

Acetylene, action of, on the acetates of 
mercury (BurKARD and TRAVERS), 
T., 1270; P., 1902, 183. 

Acetylisopropylbutyric acid. Seed-Keto- 
8-isopropylhexoic acid. 

Acid, C,)H,,03, from the reduction of 
camphonic acid (LAPWORTH and 
LENTON), T., 22. 

C,.H,,0;No, from the action 1 pe 
ium hydroxide on O,,H,.0;N 
(PERKIN), P., 1901, 204. 
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Acid, C,,H,,0,N,, methyl] ester, from the 
action of nitric acid on methyl 
dimethylacetoacetate (PERKIN), P., 
1901, 204. 

C,,H,,0,N, from the oxidation of 
corydic acid 
(DosBIe and LAUDER), T., 156. 

C,9H,,0;N 2, from benzidinedicarboxylic 
acid (Morr), P., 1902, 196. 

Acid chlorides, interaction of, with 
aldehydes and ketones (LExs), P., 
1902, 213. 

Acids from the oil of Asarwm canadense 
(PowER and Less), T., 72; P., 
1901, 210. 

from oil of rue (PowrER and Legs), T., 
1589; P., 1902, 193. 

Acids of the acetic series, solubilities of 
the calcium salts of the (LUMSDEN), 
T., 350; P., 1902, 31. 

Address, congratulatory, to M. Mar- 

cellin Berthelot, P., 1901, 250. 
to the Owens College, Manchester, 
P., 1902, 64. 

presidential (ReYNo.ps), T., 609; P., 
1902, 77. 

Affinities of acids, method of determining 
(Dawson and Grant), T., 518; P., 
1902, 68. 

Alcohols, lower, properties of mixtures 
of, with benzene, and with benzene 
and water (YouNG and Forrey), 
T., 7389; P., 1902, 105. 

properties of mixtures of, with water 

+ (Youne and Forrery), T., 717; P., 
1902, 105. 

Aldehydes, interaction of, with acid 
chlorides (Lrxs), P., 1902, 213. - 
B-Aldehydic acids, optically active 

esters of (LAPWoRTH and Hawny), 

T.,-1491, 1499; P., 1902, 144, 145. 

Alkylmalonic acid, esters, action of 
ethyl chlorofumarate on (RUHEMANN), 
T., 1212; P., 1902, 181. 

Alkyltricarballylic acids, synthesis of 
(BonE and SPRANKLING), T., 29; 
P., 1901, 215. 

Aluminium, mercury couple, use of, as 
a halogen carrier(CoHENand Dakin), 
T., 1324; P., 1902, 183. 

Amines, aromatic, action of diazonium 

salts on (Morcan), T., 86, 1376; 
P., 1901, 236 ; 1902, 185. 

primary, test for (FENTON), P., 1902, 

244, 


Amino-oxime-oxalic acid and its ethyl 
ester(PICKARD, ALLEN, BowDLER, and 
CARTER), T., 1575. 

Ammonia, influence of salts and other 
substances on the vapour pressure of 


by permanganate - 


aqueous solutions of (PERMAN), T., | 


480; P., 1901, 261. 


I 
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Ammonium mercuric bromide, chloride, 
and chlorobromide (RAy), T., 648 ; 
P., 1902, 85. 
chloride, influence of, on the vapour 
pressure of aqueous ammonia solu- 
tion (PERMAN), T., 485; P., 1901, 
261. 
nickel chromate (Brices), P., 1902, 
255 


amidosulphite, preparation and de- 
composition of (Drvane and OGa- 
wa), T., 504; P., 1902, 71. 

Ammonium thiocyanate and thiocarb- 

amide, dynamic isomerism of 
(REYNOLDs and WERNER), P., 1902, 
207. 

thiocyanate, action of picryl chloride 
on, in alcoholic solution (CROCKER), 
T., 436; P., 1902, 57. 

Amygdalin, catalytic racemisation of 
(WALKER), P., 1902, 198. 

isoAmyl aleohol, properties of mixtures 

of, with benzene, and with benzene 
and water (Youne and Forrey), 
T., 749; P., 1902, 105. 

— of mixtures of, with water 
(Youne and Forrery), T., 733; 
P., 1902, 105. 

y-Amylodextrin from the action of 
barley diastase on starch (BAKER), 
T., 1179; P., 1902, 134. 

Analysis, quantitative, fractional distilla- 
tion as a method of (Youne and 
Fortry), T.,-752 ; P., 1902, 106. 

Anhydramides, formation of (ARMSTRONG 
and Lowry), T., 1441; P., 1901, 
182. 

Anhydrobrazilic acid and its oxime 
(PERKIN), T., 230; P., 1900, 106; 
1901, 258. 

Anhydrotetramethylhematoxylone and 
its acetyl derivative (PERKIN), T., 
1062. 

Anhydrotrimethylbrazilone and its 
acetyl derivative (PERKIN), T., 1017 ; 
(GrLBopy and PEerKrn), T., #043. 

Aniline, s-trihalogen, nitration of 

(Orton), T., 490, 806; P., 1902, 
58, 111. 
4-chloro-2:6-dibromo-3-nitro- (ORTON), 
T., 504; P., 1902, 74. 
s-chlorobromonitro-derivatives of, and 
their derivatives (OrToz1), T., 495; 
P., 1902, 59. 
3:5-dinitro- (CoHEN and Dakin), T., 
29; P., 1901, 214. 
8-Anilinocrotonie acid, menthyl ester 
(LApworTH and Hann), T., 1506; 
P., 1902, 145. 

Anilinophenylmethylenecamphoranil 
and its acetyl derivative (ForsTER), 
P., 1902, 237. 


INDEX OF SUBJECTS. 


Anilino-phosphory] chloride and -phosph- 
amic acid (CAVEN), T., 1366; P., 
1901, 27: 

Anilino-p-toluidino-phosphoryl chloride 
and -phosphoric acid, and its ethyl 
ester (CAVEN), T., 1369; P., 1901, 
26. 

4-Anisidine, 2:6-dibromo-, and its acetyl 


and benzoyl derivatives (ROBERT- | 


son), T., 1479; P., 1902, 190. 


2:3-dinitro-, preparation, and diazo- | 


tisation of (MELDOLA and Eyre), | 


T., 988; P., 1902, 160. 

Anisole, diamino-, mono- and di-chloro- 
nitro-, and dinitro- (MELDOLA and 
Eyre), T., 992; P., 1902, 160. 

Annual General Meeting, T., 609; P., 
1902, 77. 
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Azoacetamide, imino-, and its salts (Su- 

BERRAD), T., 600; P., 1902, 44. 
Azoacetic acid, imino-, barium salt (Siz- 

BERRAD), T., 603; P., 1902, 44. 
Azo-compounds,amino-, from diazoamino- 
compounds (CHATTAWAY), P., 

1902, 175. 

influence of substitution on the 
formation of (MorGAN), T., 86, 
1376; P., 1901, 236; 1902, 185. 


Balance Sheet of the Chemical Society, 
and of the Research Fund, March, 
1901. See Annual General Meeting, 
T., 622. 


| Barium nitrate, spectrum of (HARTLEY), 


Anthracene, solubility of, in benzene | 


(FinpLay), T., 1220; P., 1902, 
172. 


Antimonious oxide, influence of, on 


the rotation of lactic acid and its | 


otassium salt (HENDERSON and 
RENTICE), T., 660; P., 1902, 88. 
Antimony, arsenic, and tin, separation of 
(WALKER), P., 1902, 246. 
Apigenin, colouring properties of (PER- 
KIN), T., 1175; P., 1902, 180. 

Argon, is it an elementary substance ! 

(Martin), P., 1901, 259. 

liquid, variation with temperature of 
the surface energy and density of 
(Baty and Donnan), T., 907; P., 
1902, 115. 

Arsenic, influence of selenium and 
tellurium on the biological test for 
(ROSENHEIM), P., 1902, 138. 

tin, and antimony, separation of 


(WALKER), P., 1902, 246. 


Arsenious oxide, influence of, on the | 
rotation of lactic acid and its potass- | 
ium salt (HENDERSON and PREN: | 


TIcE), T., 660; P., 1902, 88. 

Arylamines, action of methylene diiodide 
on (SENIER and Goopwiy), T., 280; 
P., 1902, 12. 


Asarum canadense, constituents of the | 


oil of (PowER and Lezzs), T., 59; P., 
1901, 210. 

Asbestos, composition of (CLayTon), P., 
1901, 203. 

Association in benzene solution, in- 
fluence of temperature on (INNEs), 
T., 682; P., 1902, 26. 

Atomic weight of the rare earths, error 
of the ‘‘sulphate method” for the 
determination of (BRAUNER and 
Pavuftex), T., 1248; P., 1901, 63. 

of lanthanum (BRAUNER and Pavy- 
LiteK), T., 1243; P., 1901, 63. 
of tellurium (Scorr), P., 1902, 112. 


T., 570; P., 1902, 68. 

Base, C,,H.,ON, and its picrate and 
benzoyl derivative from phenyl- 
chloromethylenecamphor(ForRsTEr), 
P., 1902, 237. 

C,,H,,ON, and its picrate and bromo- 
derivative from enolic benzoyl- 
camphor (ForstTER), P., 1902, 237. 

C.gH,,0N, and its salts, and bromo- 
derivative, from the condensation 
of dimethylaminobenzaldehyde and 
8-naphthol (Hewitt, TURNER, and 
BRADLEY), T., 1208; P. 1902, 181. 

CopH,;0,N, and its anhydride, from 
the condensation of dimethylamino- 
benzaldehyde and  -naphthol 
(Hewitt, TURNER, and BRADLEY), 
T., 1208; P., 1902, 181. 

Bases in Scottish shale oil (GARRETT 
and SmyrHeE), T., 449; P., 1900, 190; 
1902, 47 

Benzanilide, o-bromo-, 2:4-dibromo- and 
-dichloro-, and 2:4- and 4:2-chloro- 
bromo- (CHATTAWAY and WADMORE), 
T., 985; P., 1902, 173. 

Benzene, stereochemical formule of 

(Marsn), T., 961; P., 1902, 164. 

molecular rise of boiling point of, at 
different temperatures (INNES), T., 
683 ; P., 1902, 26. 

influence of, on the rotation of ethyl 
tartrate (PATTERSON), T., 1097; 
P., 1902, 133. 

Benzene, bromo- and chloro-, vapour 
pressures and boiling points of mix- 
tures of (YounG and Forrey), T., 
771; P., 1902, 107. 

2:4:6-tribromo-1-nitroamino-, and 
2:4:6-trichloro-1-nitroamino- (OR- 
TON), T., 491; P., 1902, 59. 

1-chloronitroamino-2:4:6-trichloro-, 
-2:4:6-tri- and -2:3:4:6-tetra-bromo-, 
and -4-chloro-2:6-dibromo- (ORTON), 
T., 966; P., 1902, 174. 


ee 
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Benzene, 1:3:5-trinitro-, reduction of, 
with hydrogen sulphide (CoHEN and 
Dakin), T., 26; P., 1901, 214. 

nitroamino-, action of chlorine and 
bromine on (Orton), T., 965; P., 
1902, 174. 
l-nitroamino-di-, -tri-, and_ -tetra- 
halogen- and 1-nitroamino-di- and 
-tri-halogennitro-, preparation of 
(Orton), T., 806; P., 1902, 111. 
Benzene-5-azo-2:4- and -4:6-diamino-m- 
xylene, and their diacety] derivatives 
(MorGAn), T., 94; P., 1901, 237. 
Benzeneazobromo-a-naphthol and _ its 
ethyl ether, and acetyl derivative 
(Hewitt and Avtp), T., 174; P., 
1901, 264. 

Benzene-4- and -2-azo-2:5- and -4:6- 
di-chloro-m-phenylenediamines, p- 
nitro- (MorGAN and NorMavy), T., 
1383 ; P., 1902, 185. 
Benzene-3-azo-5-chloro-2:4-tolylene- 
diamine, and Benzene-6-azo-2-chloro- 
3:5-tolylenediamine and their di- 
benzoyl and _ diacetyl derivatives 
(MorGan), T., 96; P., 1901, 237. 

Benzeneazo-a-naphthol, relationship 
between the orientation of substituents 
in, and the constitution of; and its 
isomeric bromo-compounds and their 
acetyl derivatives (HEwiTr and AULD), 
T., 171; P., 1901, 264. 

Benzeneazo-8-naphthol, action of brom- 
ine and of nitric acid on (HEWITT 
and AvuLp), T., 1202; P., 1902, 
180. 

o-, m-, and y-bromo-, and their acyl 
derivatives (HEwitr and AULD), 
T., 1206; P., 1902, 180. 
Benzene-5-azo-2:4-tetramethyldiamino- 
toluene, p-nitro- (MorGaAn), T., 656 ; 
P., 1902, 87. 

Benzene-5-azo-2:4-tolylenediamine and 
its diacetyl derivative (Morcan), 
T., 94; P., 1901, 237. 

p-bromo-, and its acyl derivatives 
(Morcan and Norman), T., 1384; 
P., 1902, 185. 

Benzene-2-diazoamino-1-chloronaph- 
thalene, o- and m-nitro- (MorRGAN), 
T., 1880; P., 1902, 185. 

p-nitro-, and its ethyl derivativ» 
(MoreGAn), T., 99; P., 1901, 238. 
Benzenediazoaminotetrahydro-S8-naph- 
thalene, y-bromo-, and o- and p-nitro- 
(SmiTH), T., 904 ; P., 1902, 137. 
Benzenesulphonanilide, action of sodium 
hypochlorite on (CoHEN and THomp- 
gon), P., 1901, 262. 

Benzhydroxamic acid (PIcKARD, ALLEN, 

BowpLER, and Carrer), T. 
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Benzidine, formation of, from hydrazo- 
benzene (CHATTAWAY), P., 1902, 
175. 

Benzidinedimalonic acid, ethyl ester 
(Morr), P., 1902, 195. 

Benzimino-ethyl ether, action of sod- 
amide on (TITHERLEY), T., 1529. 

Benzoic acid, esters, action of sodamide 
and its acyl derivatives on (TITHER- 
LEY), T., 1527 ; P., 1902, 187. 

Benzo-1:4-pyrone. See Chromone. 

p-Benzoyl-amino- and _ -chloroamino- 
azobenzene (CHATTAWAY), T., 983; 
P., 1902, 174. 

4-Benzoylaminophenol, 2-bromo-6-nitro- 
(RoBERTSON), T., 1478; P., 1902, 
190. 

Benzoyl-bromo-' and -chloro-camphors, 
aa-, aa-, and aa’-m-nitro- (FORSTER 
and MickLeTHwaitT), T., 409; P., 
1902, 55. 

Benzoyl-o-bromopheny] nitrogen bromide 
and chloride (CHATTAWAY and WAp- 
MORE), T., 986; P., 1902, 173. 

Benzoyleamphor, enolic, constitution of 

(Forster), P., 1902, 237. 
enolic o- and m-nitro-, and the acetyl 
derivative of the m-compound 
(ForsTER and MickLETHWAIT), T., 
410; P., 1902, 55. 
a-Benzoyleamphor, stereoisomeric halo- 
gen derivatives of (ForsTeR and 
MICKLETHWAIT), T., 160; P., 1901, 
257. 

Benzoyl-o-chloropheny] nitrogen bromide 
and chloride (CHATTAWAY and WAD- 
MORE), T., 984; P., 1902, 173. 

Benzoyldiphenylbenzenylamidine (LAN- 
DER), T., 594; P., 1902, 73. 

aa-Benzoyliodocamphor (Forster and 
JENKINSON), P., 1902, 117. 

aa-Benzoylnitrocamphor and __nitro- 
(ForsTER and JENKINSON), P., 1902, 
117. 

1-Benzoyloxycamphene and Benzoyl- 
oxyolefines, formation of (LEEs), P., 
1902, 213. . 

Benzoyltartaric acid, ethyl ester, nitra- 
tion of (FRANKLAND, HEATHCOTE, and 
GREEN), P., 1902, 251. 

Benzyl, displacement of, by methyl 
in substituted nitrogen compounds 
(JonEs), P., 1901, 205. 

Benzyl alcohol, action of phosphorus 
trithiocyanate on (Dixon), T., 171; 
P., 1901, 261. 

B-Benzylaminocrotonic acid, menthyl 
ester (LAPWORTH and Hann), 1T., 
1505; P., 1902, 145. 

Benzylearboxyaconitic acid, ethyl ester 

(RuHEMANN), T., 1214; P., 1902, 

1 
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Benzylideneaniline, isomeric additive 


products of, with benzyl methyl, | 
ethyl, and propyl ketones (FRANCIS | 


and Lup.LaM), T., 956; P., 1902, 
132. 

Benzylideneaniline, m-nitro-, isomeric 
additive compounds of, with de- 
oxybenzoin and with dibenzyl ketone 
(FRANcIs), T., 441; P., 1902, 57. 

Benzylidenecamphoroxime and its ben- 
zoyl derivative, and phenylcarbamate 
(ForsTER), P., 1902, 90. 

Benzylidenemethyl isopropyl ketone 
and its oxime and semicarbazone 
(LApworTH and Hann), T., 1489; 
P., 1902, 141. 

Benzylidene-m-nitroaniline, isomeric 
additive compounds of, with deoxy- 
benzoin and with dibenzyl ketone 
(Francis), T., 441; P., 1902, 57. 

Benzylidene-p-toluidine, isomeric addi- 
tive compounds of, with deoxybenz- 
oin ‘and with dibenzyl etone 
(Francis), T., 441; P., 1902, 57. 

Benzylmethylacetic acid, optically active 

(LapwortH and Lenton), P., 
1902, 35. 

resolution of, into its optical iso- 
merides (KippING), P., 1902, 33. 

Benzyl methyl, ethyl, 

ketones, preparation of (LUDLAM), 
T., 1186; P., 1902, 132. 

isomeric additive products of, with 
benzylideneaniline (FRANcIS and 
LupLAmM), T., 956 ; P., 1902, 132. 

Berberidic acid, and ifs oxidation pro- 
ducts (DopBizand LAvupDER), T., 157 ; 
P., 1901, 255. 

Berberine, relation of, to corydaline, and 
its oxidation product (DoBBie and 
Lauper), T., 145, 157; P., 1901, 
252, 255. 

Berberonic acid (DopBirE and LAUDER), 
T., 159; P., 1901, 255. 

Bisazoxyacetic acid, preparation of 
(SILBERRAD), T., 601; P., 1902, 
44 


Bisdiazoacetamide (SILBERRAD), T., 
604; P., 1902, 44. 

Bisdiazoacetic acid, preparation of 
(SILBERRAD), T., 602; P., 1902, 44. 
Bisnaphtharonyl, and tetranitro- 
(RuHEMANN), T,, 423; P., 1902, 46. 
Boiling point of benzene, molecular rise 

of, at different temperatures (INNEs), 
T., 683; P., 1902, 26. 

of liquids from observed to normal 
ag correction of the (Youne), 

-» 7773 P., 1902, 108. 

of mixed liquids (Youne and ForrTey), 
P., 1902, 216; (Youne), P., 1902, 
218. 


and propyl , 
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| Boiling point and vapour pressures of 


mixed liquids (Younc), T., 768; 
P., 1902, 107. 

of solutions, simple form of Lands- 
berger’s apparatus for determining 
the (LupLAmM), T., 1193 ; P., 1902, 
180. 

Borax. See Sodium biborate. 

Boric acid, influence of, on the rotation 
of lactic acid and its potassium salt 
(HENDERSON and PRENTICE), T., 662 ; 
P., 1902, 88. 

Borides, metallic, new (TucKER and 
Moopy), T., 14; P., 1901, 129. 

Borneol, magnetic rotation and refrac- 
tion of (PERKIN), T., 309; P., 1902, 
29. 

l-Borneol from the oil of Asarwm cana- 
dense (PowER and LEEs), T., 63; P., 
1901, 210. 

Brazilic acid and its salts, oxime, and 
semicarbazone (PERKIN), T., 226; P., 
1899, 28 ; 1900, 106 ; 1901, 258. 

Brazilin, constitution of (PERKIN), T., 

221, 1008, 1057; (GiLBopy and 
PERKIN), T., 1040; P., 1899, 27, 
75, 241; 1900, 107; 1901, 257 
1902, 147. 

degradation of (PERKIN), P., 1902, 
147. 

Brazilinie acid and its salts, methyl 
ester, phenylhydrazone, hydrate and 
tetrabromo-derivative (PERKIN), T., 
1030. 

Brucine, estimation of, in nux vomica 
(DowzaArD), P., 1902, 220. 

Butanetricarboxylic acids. See a- 
Methyltricarballylic acids. 

isoButyl alcohol, properties of mixtures 

of, with benzene, and with benzene 
and water (Younc and Forrry), 
T., 748; P., 1902, 105. 

properties of mixtures of, with water 
(Youne and Forrey), T., 732; P., 
1902, 105. 

tert. Butyl alcohol, properties of mixtures 

of, with benzene, and with benzene 
and water (Youne and Forrey), 
T., 746; P., 1902, 105. 

properties of mixtures of, with water 
(Youne and Forrey), T., 729; P., 
1902, 105. 

Butylenetetracarboxylic acid. See 
Methylcarboxyaconitic acid. 

isoButyric acid, isopropyl ester, vapour 
pressures and specific volumes of 
(Youne and Forrey), T., 783; P., 
1902, 108. 

Butyrylpyruvic acids, - and iso-, ethyl 
esters and salts’ (LAPWORTH and 
Hann), T., 1485; P., 1902, 141. 


' 
; 
| 
: 
: 
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Calcium nitrate, spectrum of (HARTLEY), 
T., 569; P., 1902, 68. 


_Camphane, 1:1-bromonitro-, action of 


phenylhydrazine on (FoRsTER), 
T., 870; P., 1902, 116. 

comparison of, with bromonitro- 
camphor (Forster), T., 865; 
P., 1902, 116. 

Camphene, magnetic rotation of 
(PERKIN), T., 316; P., 1902, 29. 

a-Campholenic acid (Forster), T., 271; 
P., 1902, 26. 

Camphonic acid, constitution, reduction, 
and degradation of (LAPWoRTH and 
Lenton), T., 18; P., 1901, 148. 

Camphononic acid, constitution of (LAp- 
WorTH and Lenton), T.,18; P., 1901, 
148. 

Camphor and its derivatives, magnetic 

rotation and refraction of (PERKIN), 
T., 292; P., 1902, 28. 

optical inversion of, and the mechan- 
ism of hetero- and meso-sulphona- 
tion, of homo- and hetero-bromin- 
ation and dehydration of (ARM- 
STRONG and Lowry), T., 1469. 

sulphonation of (ARMSTRONG and 
Lowry), T., 1441, 1462, 1469; 
P., 1901, 183, 217, 244. 

Camphor, 8-bromo- (Forster), P., 1901, 

245. 


B-bromo- and §-chloro-, and their 
oximes and benzoyl derivatives 
(ForRsTER), T., 269; P., 1902, 
26. 


B-bromo-, aa’B-iribromo-, and af-di- 
bromo-a’-nitro- (ARMSTRONG and 
Lowry), T., 1464; P., 1901, 217, 
244, 

a-dibromo-, constitution of the acids 
from (LAPWoRTH and LENTON), 
T., 17; P., 1901, 148. 

aa-bromonitro-, action of alcoholic 

silver nitrate, and of phenylhydr- 
azine on (ForsTER), T., 867; P., 
1902, 116. 

comparison of, with bromonitro- 
camphane (ForsTER), T., 865; 
P., 1902, 116. 

B-chloro-a-bromo- (ForsTER), T., 273 ; 
P., 1902, 26. 

isonitroso-, isomeric benzoyl derivatives 
from (Forster), P., 1902, 238. 

B-Camphoranic acid (8-hydroxycam- 
phoronic acid), constitution of (LAp- 

worTH and LeEnvron), T., 21; P., 

1901, 148. 

Camphorenic acid, bromo-, constitution 

of (LArwortH and Lenton), T., 18; 

P., 1901, 148. 
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Camphoric acid, 8-bromo-, and its methyl 
ester and anhydride (AkMsTRONG and 
Lowry), T., 1467; P., 1901, 217, 
244. 

Camphoronic acid, bromination of (Lap- 
WoRTH and LENToN), T., 25. 

isoCamphoronic acid (ARMSTRONG and 
Lowry), T., 1468. 

synthesis of (PERKIN), T., 246; P., 
1900, 214. 

Camphoroxime, a-amino-, and its salts, 
dibenzoyl and benzylidene derivatives, 
and carbamide (LAPwoRTH and 
Harvey), T., 549; P., 1902, 70. 

Camphoroximephenylcarbamate, phenyl- 
carbamide of (LAPworTHand HARVEY), 
T., 554; P., 1902, 71. 

Camphorquinonephenylhydrazone 
(Forster), T., 869. 

mutarotation and desmotropic forms 
of (LAPworRTH and Hann), T., 1508; 
P., 1902, 143, 146. 
Camphorsulphonanhydramide and its 
“bromo- and chloro-derivatives (ARM- 
sTronG and Lowry), T., 1448; P., 
1901, 183. 

Camphorsulphonic acid (Reychler), 
constitution of (ARMSTRONG and 
Lowry), T., 1469. 

bromide, chloride, amide, anhydr- 
amide, anilide, y-bromoanilide, and 
piperidides (ARMSTRONG and 
Lowry), T., 1447; P., 1901, 182. 

Camphorsulphonic acid, a-bromo- and 
a-chloro-, and their salts, bromides, 
chlorides, and amides, and anilide and 
piperidide of the bromo-acid (Arm- 
stroneG and Lowry), T., 1451; P., 
1901, 182. 

Cane sugar. See Sucrose. 

Carbamide, influence of, on the vapour 
pressure of aqueous ammonia solution 
(PERMAN), ‘T., 484; P., 1901, 261. 

See also Urea. 

Carbamide, thio-. See Thiocarbamide. 

Carbohydrates, action of hydrogen per- 
oxide on, in presence of ferrous sul- 
phate (MorRELL and Crorts), T., 
666 ; P., 1902, 55. 

Carbon monoxide (carbonic oxide), vari- 
ation with temperature of the 
density and surface energy of, and 
vapour pressure of (BALY and 
Donnan), T., 907; P., 1902, 115. 

combination of, with chlorine, under 
the influence of light (Dyson and 
HARDEN), P., 1902, 191. 
dioxide, state of, in aqueous solution 
(WALKER), P., 1902, 246. 
sulphide, gaseous, non-existence of 
(heesaea and SmirH) T., 15388; P., 
1902, 197. 
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Carbonates, method of estimating small 
quantities of (HALL and RUSSELL), 
T., 81; P., 1901, 241. 

Carbonyl chloride, action of metallic 
thiocyanates on (Dixon), P., 1902, 240. 

Carbonyl-di-m-nitrophenyl- and -di-o- 
tolyl-carbamide (PicKARD, ALLEN, 
Bown LER, and CarTER), T., 1569. 

Carbonyldi-phenyl- and -o-tolyldithio- 
carbamides (Dixon), P., 1902, 241. 

Carbonyldithiocarbamide, additive pro- 
ducts of (Drxon), P., 1902, 240. 

Carbonylthiocarbimido-phenyl-,-phenyl- 
benzyl-, -a-naphthyl-, and -p-tolyl- | 
thiocarbamides (Drxon), P., 1902, 241. 

Carboxydimethoxybenzoylformic acid 
and its salts (PERKIN), T., 1022; 
(GILBopy and PERKIN), T., 1045. 

Carboxydimethoxybenzylformic 
(PERKIN), T., 1028. 

Carboxydimethoxymandelic acid, lactone 
of (PERKIN), T., 1026. 

2-Carboxy-5:6-dimethoxyphenoxyacetic 
acid and its silver salt (PERKIN and 
Yares), T., 241; P., 1900, 108; 
(Perkin), T., 1061. 

2-Carboxy-5-methoxyphenoxyacetic acid 
(Ginpopy and PERKIN), T., 1043; 
P., 1902, 148. 

Carboxymethoxyphenoxylactic acid (?) 
(PERKIN), T., 1029; P., 1902, 148; 
(GiLBopy and PERKIN), T., 1043. 

Carvene. See d-Limonene. 

Catechins and their azobenzene, acetyl 
and benzoyl derivatives from Acacia 
and Gambier Catechus (PERKIN and 
YosHITAKE), T., 1160; P., 1902, 139. 

Cellulose, action of acids on (GosTLING), 
P., 1902, 250. 

Chlorates, decomposition of (SopEAv), 
T., 1066; P., 1902, 136. 

Chlorine, amount of, in the drainage 
through uncropped and unmanured 
land (MiLuER), P., 1902, 89. 

amount of, in the rain-water collected 
at Rothamsted (MILLER), P., 1902, 
88. 

preparation of pure, and its behaviour 
towards hydrogen (MELLOR and 
RussE11), T., 1272; P., 1902, 166. 

evolution of, from the decomposition 
of potassium chlorate in presence of 
manganese oxides (SopEAv), T., 
1066 ; P., 1902, 136. 

combination of, with carbon monoxide 
under the influence of light (Dyson 
and HarpEn), P., 1902, 191. 

union of, with hydrogen (MELLOR and 
AnpeErson), T., 414; P., 1902, 
82; (MetLoR and RwvsseEtu), T., 


acid | 


1272; P., 1902, 166; (MELLOR), 
T., 1280, 1292; P., 1902, 169, 170. 
LXXXI. 
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Chlorine, union of, with hydrogen, under 
the influence of light (MELLOoR and 
AnvERsoN), T., 414; P., 1902, 32. 

gas, action of light on (MELLOR), T., 
1280; P., 1902, 169. 

Chromates, double, new series of 
(Briccs), P., 1902, 254. 

Chromium boride (TucKER and Moopy), 
T., 16; P., 1901, 129. 

Chromone (benzo-1:4-pyrone) and _ its 
homologues, salts of (RUHEMANN), T., 
420; P., 1902, 45. 

Chrysarobin and its acetyl compounds 
from commercial chrysarobin (JowETT 
and Portrer), T., 1578; P., 1902, 
192. 

Chrysophanic acid and its acetyl deriva- 
tive (JowETT and Porrer), T., 1583 ; 
P., 1902, 192. 

Cineol from oil of rae (PowERand LEEs), 
T., 1590; P., 1902, 193. 

Cloéz reaction (CHATTAWAY and WAD- 
MORE), P., 1902, 56. 

Cobalt chloride, colour changes of (Don- 
NAN and Bassett), T., 939; P., 
1902, 164. 

hydroxide, action of sulphurous acid 
on (CARPENTER), T., 11; P., 1901, 
212. 

Cobaltous potassium sulphate (MALLET), 
T., 1551; P., 1902, 198. 

s-Collidine. See 2:4:6-Trimethylpyrid- 
ine. 

Colour changes of cobalt, copper, and 
ferric chlorides( DoNNAN and BAssETT), 
T., 939; P., 1902, 164. 

Colouring matters from the flowers of 
Delphinium Consolida (PERKIN and 
WILKinson), T., 585; P., 1900, 
182. 

of green ebony (PERKIN and Brices), 
T., 210; P., 1902, 11. 

phenolic, reation of (PERKIN and 
Witson), P., 1902, 215. 

Compressibility of vapours, accurate 
method of measuring the (STEELE), T., 
1076; P., 1902, 165. 

Conductivity of nitrobenzene solutions 
of iodine and potassium iodide (Daw- 
son and GAWLER), T., 582; P., 1902, 
70. 

Copper chloride, colour changes of (Don- 
NAN and Bassett), T., 955; P., 

1902, 164; 
sulphate, influence of, on the vapour 
pressure of aqueous ammonia solution 
(PERMAN), T., 487 ; P., 1901, 261. 

Corydaldine (Dopnie and LavupsR), T., 
146; P., 1901, 252. 

Corydaline and its constitution and 
oxidation products (Dopp dnad 
LAUDER), T., 145; P., 1001, 252. 
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Corydaline, relation of, to berberine 
(Dopsrz and LaupeEr), T., 145, 157; 
P., 1901, 252, 255. 

Corydilic acid and Corydic acid and 
their oxidation (DoBBre and LAUDER), 
T., 146; P., 1901, 252. 

Coumarilic acid, mono- and di-chloro- 
(TILDEN and Burrows), T., 511; P., 
1901, 217. 

Crotonic acid, 8-amino-, menthyl ester 
(LApwoRTH and Hann), T., 1505; 
P., 1902, 145. 

Cyamelide (SreNrizER and WAtszH), T., 
290 ; P., 1902, 13. 

Cyanic acid, constitution of (CHATTA- 

WAY and Wapmore), T., 191; 
P., 1902, 5. 

polymerisation of (SENIER 
Watsn), T., 290; P., 1902, 13. 

Cyanogen haloids, constitution and re- 
actions of (CHATTAWAY and WaApD- 
MORE), 192; P., 1902, 5. 

Cyanuric acid (SENIER and WALSH), 

T., 290; P., 1902, 13. 
constitution of (CHATTAWAY and 
Wapmore), T., 191; P., 1902, 6. 

Cyanuric acid, ¢vichloroimino- (CHATTA- 
way and Wapmore), T., 200; P., 
1902, 6. 


and 


D. 


Day and hour of meeting, discussion on, 
P., 1901, 208, 235, 249, 251; 
1902, 1. 

Dehydrocorydaline (DopsrE and Laup- 
ER), T., 145; P., 1901, 252. 

Delphiniwm Consolida, colouring matter 
of the flowers of (PERKIN and WILKIN- 
son), T., 585; P., 1900, 182. 

Density of liquid oxygen, nitrogen, 

argon, and carbon monoxide, varia- 
tion of, with temperature (BALY and 
Donnan), T., 907; P., 1902, 115. 
of 3:5-dichloro-1:1-dimethyl-A24-di- 
hydrobenzene (PERKIN), T., 828. 
of dichloro-o-xylene (PERKIN), 
1535. 
of 1:1-dimethyl-A?4-dihydrobenzene 

(PERKIN), T., 836. 

See also Vapour density. 

Deoxybenzoin, isomeric additive com- 
pounds of, with 
toluidine, 
and benzylidene-m-nitroaniline (FRAN- 
cis), T., 441 ; P., 1902, 57. 


5 oe 


Deoxytrimethylbrazilone (PERKIN), T., | 


1018; (GiLBopy and Prrkin), T., 
1046. 

Dextrose (d-glucose, grape sugar), 
Magnetic rotation of (PERKIN), T., 
188; P., 1901, 256. 
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Diacetanilide, transformation of, into 
acetyl-p-aminoacetophenone (CHATTA- 
way), P., 1902, 173. 

Diacetanilide,  2:4:6-tribromo-3-nitro- 

(Orton), T., 503; P., 1902, 73. 
2:6:4-chlorobromonitro-, 2:3:4:6-tetra- 

bromo-, and 2:4-dibromo-6-nitro- 

(Orton), T., 497; P., 1902, 59. 

Diacetonitrile, pre tion of, and 
cyano-y-lutidostyril derivatives from 
(Morr), T., 100; P., 1901, 69. 

4:6-Diacetyltribromocoumarin (TILDEN 
and Burrows), T., 510; P., 1901, 
217. 

m-Diamines, aromatic, influence of sub- 

stitution on the reactivity of (Mor- 
GAN), T., 650; P., 1902, 87. 

tertiary, action of diazonium salts and 
of formaldehyde on (Morean), T., 
656; P., 1902, 87. 

Diastase, ungerminated barley, action 
of, on starch (BAKER), T., 1177; P., 
1902, 134. 

Diazoacetamide and isoDiazoacetamide 
(SILBERRAD), T., 603; P., 1902, 44. 
v-Diazoacetamide. See Azoacetamide, 

imino-. 

Diazo-p-acetaminobenzene chloride, rate 
of decomposition of (Carn and 
Nicotz), T., 1436; P., 1902, 186. 

Diazoacetic acid, polymerisation pro- 
ducts from (SILBERRAD), T., 598; 
P., 1902, 44. 

Diazoamines, influence of substitution on 
the formation of (Morcan), T., 86, 
1376; P., 1901, 236 ; 1902, 185. 

2-Diazoamino-1-chloronaphthalene 
(Morean), T., 98, 1881; P., 1901, 
237 ; 1902, 185. 

Diazoamino-compounds, transformation 
of, into aminoazo-compounds (CHATT- * 
Away); P., 1902, 175. 

Diazoaminotetrahydro-8-naphthalene 
(SmirH), T., 905; P., 1902, 137. 

Diazobenzene chloride, and o-, m-, and 
p-nitro-, rates of decomposition of 
(Carn and Nicoxz), T., 1415; P., 
1902, 186. ° 

Diazobenzene-p-sulphonic acid, rate of 
decomposition of (CAIN and NIcoLL), 
T., 1429; P., 1902, 186, 


| Diazo-compounds, rate of decomposition 
benzylidene-p- | 
m-nitrobenzylideneaniline, | 


of (Carin and Nicout), T., 1412; 
P., 1902, 186, 244. 


| Diazogallic acid, ethyl ester (PowER 


| 
| 
| 
| 


and SHEDDEN), T., 77; P., 1901, 242. 
Diazonium  (b di jum) salts, 
action of, on aromatic amines 
(MoreGan), T., 86, 1376; P., 1901, 
236 ; 1902, 185. 
action of, on ¢ert.m-diamines (Mor- 
GAN), T., 656; P., 1902, 87. 
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Diazotisation of 2:3-dinitro-p-anisidine 
(MELDOLA and Eyre), T., 988; P., 
1902, 160. 

Diazotoluene chlorides, o-, m-, and p-, 
rate of decomposition of (CAIN and 
Nicotz), T., 1422; P., 1902, 186. 

Dibenzoylmesitylene, preparation of, 
and its derivatives (Mitus and 
EASTERFIELD), T., 1315; P., 1902, 
167. 

Dibenzoylmesitylenic acids, s- and as-, 
and their salts, oxidation, and rates of 
esterification (Minis and EASTER- 
FIELD), T., 1317; P., 1902, 167. 

Dibenzoyl nitrogen chloride (CHATTA- 
wy), P., 1902, 165. 

Dibenzoyltartaric acid,  di-sec.octyl 
ester (McCrak), T., 1221; P., 1902, 
182. 

Dibenzoyltrimesic acid and its salts 
(Mitts and EAsTERFIELD), T., 1322 ; 
P., 1902, 168. 

Dibenzoyluvitic acids, s- and as-, and 


their salts (Mitts and EASTERFIELD), | 


T., 1821; P., 1902, 167. 
Dibenzyl ketone, isomeric additive com- 


ine, m-nitrobenzylideneaniline, and 


benzylidene-m-nitroaniline (FRANCIS), | 


T., 441; P., 1902, 53. 

Dibenzylmesitylene (MILLs and EasTER- 
FIELD), T., 1323. 

Dicarbanilinocarbanilinodixylylmethyl- 
enediamine (SENIER and GoopwIN), 
T., 285; P., 1902, 12. 

Dicarbanilinodiphenylmethylenedi- 
amine (SENIER and Goopwin), T., 
283; P., 1902, 12. 

Dic bin and its methyl ether, and 
their —s compounds (JOWETT and 
Potter), T., 1580; P., 1902, 192. 

- Dihydrobrazilic acid and its lactone 
(PERKIN), T., 221; P., 1901, 258. 
Dihydrobrazilinic acid and dinitro-, 
lactones of (PERKIN), T., 1038; P., 

1901, 258. 

Dihydrohematoxylinic acid, lactone of, 
and its salts (PERKIN and Yarss), T., 
244, 

Dihydroresorcins, action of 
haloids on (CROSSLEY and 
P., 1902, 238, 

s-N-Dihydrotetrazinedicarboxylamide 
(SILBERRAD), T., 605; P., 1902, 44. 

Dihydroxydibenzylmesitylene (MILLS 
and EASTERFIELD), T., 1323. 

Di-indigotin (Morr), P., 1902, 194. 

Dimethoxyarhydroglycogallol (PERKIN 
and Witson), P., 1902, 215. 

Dimethoxybenzoylpropionic acid and its 
— (PERKIN), T., 233 ; P., 1901, 
258. 


hosphorus 
E SUEUR), 
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4:6-Dimethoxycoumaric acid, disodium 
and disilver salts (T1LDEN and Bur- 
rows), T., 511; P., 1901, 217. 


| 4:6-Dimethoxycoumarilie acid, bromo-, 


and its potassium salt and methy] ester 
(TILDEN and Burrows), T., 509; P., 
1901, 217. 

4:6-Dimethoxy-a-methyleoumarin and its 
B-bromo- and £-hydroxy-derivatives 
(TILDEN and Burrows), T., 511; P., 
1901, 217. 

Dimethylacetoacetic acid, methyl ester, 
action of nitric acid on (PERKIN), P., 
1901, 204. 

Dimethylaminobenzaldehyde, condensa- 
tion of, with 8-naphthol (Hewitt, 
TURNER, and BrapuEy), T., 1207; 
P., 1902, 181, 

Dimethyldibromoethylacetic acid 
(hexote acid, dibromo-) (PERKIN, T., 
257. 

aa-Dimethylbutane-afd-tricarboxylic 
acid (hexanetricarboxylic acid) (BONE 
and SPRANKLING), T., 52; P. 1901, 
244, 


| aa-Dimethylbutyrolactone (PERKIN , T., 
pounds of, with benzylidene-p-toluid- | 257 


1:1-Dimethyl-A**-dihydrobenzene and 
its oxidation products and dibromide, 
hydrobromide, and nitrosochloride 
(CrossLEy and LE Svgvr), T., 832 ; 

P., 1901, 245. 
— properties of (PERKIN), T., 


1:1-Dimethyl-A?*-dihydrobengene, 3:5- 
dichloro-,and its oxidation (Cross- 
LEY and LE SveEvr), T., 826; P., 
1901, 245 ; 1902, 238. 
— properties of (PERKIN), T., 
8. 


Dimethyldihydroresorcin (CRossLEY and 
LE SvEvR), P., 1902, 288. 
action of phosphorus pentachloride on, 
and its hydrochloride (CrossLEy 
= LE SvEvuR), T., 821 ; P., 1901, 
245. 
action of phosphorus haloids on, and 
its anhydride (CrossLEY and Le 
SvuEvR), P., 1902, 288. 
Dimethylfluoran nitrate and sulphates 
(Hewitt and Trervet), T., 665; P., 
1902, 86. ?; 
aa-Dimethylglutaconic acid (pentenedi- 
carboxylic acid), cis- and trans-, 
synthesis of (PERKIN and Samira), 
P., 1902, 214. F 
and its oxidation and distillation, and 
ethyl ester (PERKIN), T., 258; P., 
1900, 214. ° 
aa-Dimethylglutaric acid — 
carboxylic acid), synthesis of (PERKIN 
and Sirs), P., 1902, 214, 
582 
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aa-Dimethylglutaric acid (pentanedi- 
carboxylic acid), bromo-, ethyl ester, 
and the action of alcoholic potash 
on (PERKIN), T., 252; P., 1900, 214. 

a3-dibromo- (PERKIN), T., 254. 

aB8-Dimethylglutaric acid (pentanedi- 
carboxylic acid), cis- and trans-, 
separation of, and -its imide and 
a-cyano-derivatives (THORPE and 
Youne), P., 1902, 247. 

Dimethylmalonic acid (propanedicarb- 
oxylic acid) (PERKIN), T., 255; P., 
1900, 214. 

a28-Dimethylpropanetricarboxylic acid 
(pentanetricarboxylic acid) (THORPE 
and Youne), P., 1902, 248. 

Dimethylpyridines, 2:4-, 2:5-, and 2:6-, 
from Scottish shale oil (GARRETT and 
SmyTHE), T., 451; P., 1900, 190; 
1902, 47. 

2:4-Dimethylpyridine, 6-amino-3-cyano- 
(Morr), T., 112; P., 1901, 69. 

Dimethyltricarballylic acids (pentane- 
tricarboxylic acids), aa- and ay-, 
synthesis and dissociation constants 
of, and their cyano-derivatives, esters, 
and anhydro-acids (BoNE and SPRANK- 
Line), T., 29; P., 1901, 215. 

Dimethyltrimethylenedicarboxylic acid 
(BonE and SPRANKLING), T., 51; P., 
1901, 243. 

Dimethylvinylacetic acid (hexenoic acid) 
(PERKIN), T., 256. 

Dimethylvioluric acid, action of barium 
hydroxide on {(WHITELEY), P., 1902, 
220. 

Dipentene hydrochloride, magnetic rota- 
tion of (PERKIN), T., 307; P., 1902, 29. 

Diphenyliodonium bromocamphorsulph- 
onate (PETERS), T., 1359; P., 1902, 
184. 

Diphenylmethylenediamine and its 
platinichloride (SENIER and GooDwIy), 
T., 283; P., 1902, 12. 

ay-Ditsopropyltricarballylic acids 
(nonanetricarboxylic acids), synthesis 
and dissociation constants of, and 
their cyano-derivatives, esters, and 
anhydro-acids (BoNE and SPRANK- 
LING), T., 29; P., 1901, 215. 

Dissociation of acetic acid in chloroform 
solution (Dawson), T., 521; P., 
1902, 69. 

Dissociation constants of alkyltricarb- 
allylic acids (Bone and SPprRANK- 
LING), T., 37; P., 1901, 215. 

of oxalacetic acid and its phenylhydr- 
azone (JONES and RICHARDSON), 
T., 1158; P., 1902, 141. 

-Distillation, fractional, as a method of 

uantitative analysis (Youne and 


Fortey), T., 752; P., 1902, 106. 
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Distribution coefficient, application of, 
to determine the relative affinities of 
acids (DAWsoN and Grant), T., 513 ; 
P., 1902, 68. 

Dithionic acid, formation of (CARPEN- 
TER), T.,1; P., 1901, 212. 

Di-p-toluoyl nitrogen chloride (CHAr- 
TAWAY), P., 1902, 166. 

Di-p-tolyliodonium salts (PErERs), T., 
1358 ; P., 1902, 184. 

Di-o-,-m-, and -p-tolylmethylenediamines 
(SENIER and Goopwin), T., 283; P., 
1902, 12. 

Dixylylmethylenediamine aud its platini- 
chloride and nitro-derivatives (SENIER 
and Goopwin), T., 284; P., 1902, 12. 

Drainage water through uncropped and 
unmanured land, amounts of nitrogen, 
as nitrates, and chlorine in the 
(MILLER), P., 1902, 89. 

Draper effect (MELLOR and ANDERSON), 
T., 414; P., 1902, 32. 


» rare, error of the ‘‘sulphate 
method” for the determination of the 
atomic weights of the (BRAUNER and 
PavuféeEx), T., 1248; P., 1901, 63. 

Ebony, green, colouring matters of 
(PERKIN and Briaes), T., 210; P., 
1902, 11. r 

Electric spark, ecomposition of water 
vapour by the (CHAPMAN and Lip- 
BuRY), T., 1301; P., 1902, 183. 

———- relations of the (REYNOLDs), 

., 612. 

Enzyme action (Brown), T., 373; P., 
1902, 41 ; (BRowN and GLENDINNING), 
T., 388; P., 1902, 43. 

Equilibrium between a solid and its 
saturated solution at various tempera- 
tures (LUMSDEN), T., 363; P., 1902, 
31. 


itol, magnetic rotation of (PER- 

KIN), T., 187; P., 1901, 256. 

d-Erythronic acid, and its salts (Mor- 
RELL and Crorts), T., 668; P., 1902, 
55. 

Ethoxyanilinophosphoeric acid, barium 
salt (CAVEN), T., 1371. 

Ethoxyanilinophosphoryl amide and 
chloride (CAvVEN), T., 1371; P., 1901, 
26. 


p-Ethoxyphenylsuceinamic aeid and its 
ef substituted deyivatives (GILBODY 
and SPRANKLING), T., 789; P., 1900, 
224. 

p-Ethoxyphenyleuccinimide. See Py- 
rantin. 


p-Ethoxysuccinanilic acid. See p- 
Ethoxyphenylsuccinamic acid. 


Ethoxy-p-toluidinophosphoric 

barium salt (CAvEN), T., 1372. 
Ethoxy-p-toluidinophosphoryl amide and 
chloride (CAVEN), T., 1372; P., 1902, 
26 


Ethyl alcohol, pure, preparation of, 
from strong spirit (YounG), T., 707 ; 
P., 1902, 104. 
properties of mixtures of, with benzene, 
and with benzene and water (YOUNG 
and Forrry), T., 741; P., 1902, 105. 
properties of mixtures of, with water 
(Youne and Forrry), T., 719; P., 
1902, 105. 
action of phosphorus trithiocyanate 
on (Drxon), T., 168; P., 1901, 260. 

Ethylbiuret (PickArD, ALLEN, Bowp- 
LER, and CARTER), T., 1572. 

Ethylearboxyaconitic acid (pentenetetra- 
carboxylic acid), ethyl ester (RUHE- 
MANN), T., 1214; P., 1902; 181. 

—— acid. See Fumaric 
acid. 

Ethylhydroxyoxamide and its hydroxyl- 
amine salt and acetyl derivative 
(PIcKARD, ALLEN, BowpDLER, and 
CarTER), T., 1572; P., 1902, 197. 

i-Ethylidenelactic acid. See Lactic acid. 

Ethylpiperonylearboxylic anhydride, 
w-amino- (DopBiE and LAvuDER), T., 
159; P., 1901, 256. 

Eugenol methyl ether from the oil of 
Asarum canadense (PowER and 
Legs), T., 67; P., 1901, 210. 

Excoecarin and its tribenzoyl derivative 
and dimethyl ether (PERKIN and 
Brigas), T., 212; P., 1902, 11. 

Excoecarone (PERKIN and Brices), 
T., 215; P., 1908, 11. 


F. 


Ferric chloride, colour changes of (Don- 
NAN and Bassett), T., 955; P., 
1902, 164. 

hydroxide, action of sulphurous acid 
on (CARPENTER), T., 8; P., 1901, 
212. 

Flavone group, dyeing properties of 
some members of the (PERKIN and 
WILKINSON), T., 589. 

Fluoran nitrate and sulphate (HEwiTr 
and TeRvEtT), T., 664; P., 1902, 86. 
Fluorescein hydrochloride and sulphates 

(Hewitt and TERVET), T., 665 ; P., 
1902, 86. 
bromonitro-derivatives, and _ their 
diacetyl and dibenzoyl derivatives 
and sodium salts (Hewitr and 
— T., 893; P., 1902, 
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acid, | Formaldehyde, action of, on tert.-m- 
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diamines (MorGAN), T., 657; P., 
1902, 87. 
Formylphenylacetic acid, menthy] ester 
(ConEN and Briaes), P., 1902, 
172. 
and its metallic, acetyl, benzoyl, 
and phenylearbamate derivatives 
(LapwortH and Hany), T., 1494; 
P., 1902, 144. 
Fractional distillation. See Distillation. 
Fumaric acid (ethylenedicarboxylic acid), 
chloro-, ethyl ester, action of 
alkylmalonic esters on (RUAE- 
MANN), T., 1212; P., 1902, 181. 
action of, on guaiacol, and on a- 
and 8-naphthol (RUHEMANN), 
T., 421; P., 1902, 45. 


G. 


Galactose, magnetic rotation of (PERKIN), 
T., 189; P., 1901, 256. 

Gallacetophenone methyl ethers (PERKIN 
and WItson), P., 1902, 215. 

Gallic acid and its acetyl derivatives 
and their nitro-compounds, and its 
amino-derivatives, ethyl esters (POWER 
and SHEDDEN), T., 73; P., 1901, 242. 

Gallic acid, ethyl ester, destructive dis- 
tillation of (PERKIN), P., 1902, 254. 

Gambier Catechu, constituents of (PER- 
KIN and YoOsHITAKE), T., 1160; P., 
1902, 139. 

Gases, specific heat of (Crompron), P., 
1902, 188. 

Geraniol from the oil of Asarum cana- 
dense (PowER and Less), T., 66; P., 
1901, 210. 

d-Glucose. See Dextrose. 

Glucosone, preparation and oxidation of 
(MorrEttL and Crorts), T., 666; P., 
1902, 55. 

Glutaric acids, substituted, separation 
of the cis- and trans- forms of (THORPE 
and Youne), P., 1902, 247. 


| Glycogen from yeast and its relation to 


oyster and rabbit glycogen (HARDEN 
and Young), T., 1224; P., 1902, 182. 

Grape sugar. See Dextrose. 

Guaiacol, action of ethyl chlorofumarate 
on the sodium derivative of (RUHE- 
MANN), T., 421; P., 1902, 45. 

Guaiacoloxyfumaric acid and its ethyl 
ester (RUHEMANN), T., 421; P., 1902, 
45. 
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H. 


Hematoxylin, constitution of (PERKIN 
and YATEs), T., 235; (Perxrn), T., 
1008, 1057; (GruBopy and PerkKrn), 
T., 1040; P., 1800, 27, 75, 241; 
1900, 107 ; 1901, 257 ;° 1902, 147. 

Hematoxylinic acid and its salts 
(PERKIN and YATES), T., 243; P., 
1900, 108. 

Halogen group, interchange of a, for 
hydroxyl in bromo- and _ chloro- 
naphthalenediazonium hydroxides 
(Orton), P., 1902, 252. 

Heat. See Thermochemistry. 

Hemipinic acid (DopBiz and LAUDER), 
T., 146; P., 1902, 252. 

m-Hemipinic acid (Dobsiz and LAupER), 
T., 146; P., 1901, 252 ; (PERKIN and 
YaTEs), T., 242; P., 1899, 27, 241; 
1900, 107, 108; (PerxKrn), T., 1025, 
1062; (GruBopy and PeEr«Krn), T., 
1045. 

Hexahydroxyanthraquinone. See Rufi- 
gallic acid. 

Hexamethylacridine and its additive 
salts and bromo- and nitro-derivatives 
(SENIER and GoopwIn), T., 285; P., 
1902, 12. 

Hexamethylethylacridinium iodide (SEn- 
IER and GoopwIn), T., 288 ; P., 1902, 
13. 

Hexanedicarboxylic acid. 
Propylglutaric acid. 

Hexanetricarboxylic acid. Sve aa-Di- 
methylbutane-a83-tricarboxylic acid. 

Hexenoic acid (dimethylvinylacetic acid) 
(PERKIN), T., 256. 

Hexoic acid, dibromo-. See Dimethyl- 
dibromoethylacetic acid. 

sec.Hexylacetoacetic acid, ethyl ester, 
and its hydrolysis (Lees), T., 1594; 
P., 1902, 193. 

Hippurylbenzamide (TITHERLEY), T., 
1532; P., 1902, 187. 

Hydrazobenzene, transformation of, into 
benzidine (CHATTAWAY), P., 1902, 
175. 

Hydrindamine bromocamphorsulphon- 
ates, resolution of (Krppine), P., 
1902, 209, 211. 

dl-Hydrindamine tartrates (Kiepine and 
HunrTER), T., 583; P., 1902, 61. 

Hydrochloric acid (hydrogen chloride), 

formation of (MELLOR and ANDER- 
son), T., 414; P., 1902, 32; 
(MEttor and RussEtx), T., 1272; 
P., 1902, 166 ; (Mmtior), T., 1280, 
1292; P., 1902, 169, 170. 

formation of, under the influence of 
light (MeLtor and ANDERsoN), T., 
414; P., 1902, 32. 


See B-iso- 
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Hydrochloric acid (hydrogen chloride), 
purification of, from arsenic (THORNE 
and JEFFERS), P., 1902, 118. 

Hydrocyanic acid (hydrogen cyanide), 
constitution of (CHATTAWAY and 
Wapmore), T., 191; P., 1902, 5; 
(WADE), T., 1596; P., 1902, 65. 

Hydrogen, preparation of pure (MELLOR 

ri RussEtL), T., 1279; P., 1902, 
167. 
behaviour of, with chlorine (MELLOR 
= RussE.Lu), T., 1279; P., 1902, 
167. 
union of, with chlorine (MELLoR and 
ANDERSON), T., 414; P., 1902, 
32; (MELLOR), T., 1280, 1292; 
P., 1902, 169, 176. 
under the influence of light (MELLOR 
and ANDERSON), T., 414; P., 
1902, 32. 
union of; with oxygen (BAKER), T., 
400 ; P., 1902, 40. 
are 5 chloride. See Hydrochloric 
acid, 
cyanide. See Hydrocyanic acid. 

Hydrogen peroxide, action of, on carbo- 
hydrates in presence of ferrous sulphate 
(MorrELt and Crorts), T., 666; P., 
1902, 55. 

Hydrogen ions, new method of deter- 
mining the concentration of (JoNEs 
and RicHARDsoN), T., 1140; P., 1902, 
140. 

eee acid. See Salicylic 
acid. 

8-Hydroxybenzoic acid, 4:6-dibromo- 
and 2-bromo-4:6-dinitro- (RoBERT- 
son), T., 1484; P., 1902, 190. 

4-Hydroxybenzoic acid, 3-mono- and 3:5- 
di-bromo-, acetyl derivatives, and 
ethyl ester of the dibromo-compound 
(RoBERTSON), T., 1482; P., 1902, 190. 

8-Hydroxybutyric acid, resolution of, 
into its optically active components 
(McKenzie), T., 1402; P., 1901, 213; 
1902, 185. 

1-Hydroxycamphene and its conversion 
into thé B-halogen derivatives of 
camphor, and its methyl and ethyl 
ethers (Forster), T., 264; P., 1902, 
25 


8-Hydroxycamphoronic acid. See A- 
Camphoranic acid. 
Hydroxycomenic acid (TICKLE and 
Cotut£), T., 1006; P., 1902, 170. 
Hydroxydihydrotetramethylhematoxyl- 
one, nitro-, and its reactions (PERKIN), 
T., 1063. 

Hydroxydihydrotrimethylbrazilone, 
nitro-, and its acetate (PERKIN), T., 
1020; P., 1902, 147; (GmtBopy and 
PERKIN), T., 1048. 
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a,-Hydroxy-aa-dimethylglutaric acid, 
lactone of, and its silver salt (PERKIN), 
T., 259. 

B-Hydroxy-aa-dimethylglutaric acid, 
synthesis of (PERKIN and SMITH), P., 
1902, 214. 

6-Hydroxy-2:4-dimethylpyridine. See 
y-Lutidostyril. 

Hydroxydimethylpyrone and its acetate 
(TIcKLE and CoLLigz), T., 1005; P., 
1902, 170. 

Hydroxyethyldimethylacetic acid, lac- 
tone of. See aa-Dimethylbutyrolact- 
one. 

Hydroxyl, interchange of halogen for, 
in bromo- and chloro-naphthalenedi- 
azonium hydroxides (OrTon), P., 1902, 
252. 

Hydroxylamine, new colour reaction of 
(Baz), P., 1902, 9. 

6-Hydroxy-4-methoxybenzoylpropionic 
acid (PERKIN), T., 231; P., 1901, 
258. 

Hydroxyoxamide and its ethyl ester, 
silver salt, and acetyl derivative 
(PicKARD, ALLEN, BoWDLER, and 


CARTER), T., 1565; P., 1902, 197. 
a-Hydroxypropionic acid. 
acid. 
Hypoiodous acid (TAYLor), P., 1902, 
72. 


See Lactic 


I, 


Imino-ethers, synthesis of (LANDER), 
T., 591; P., 1902, 72. 

Incrustation from the Stone Gallery of 
St. Paul’s Cathedral (Cnayron), P., 
1901, 201. 

Inversion temperature. 
chemistry. 

Iodine, solubility of, in nitrobenzene 
containing potassium iodide (DAw- 
SON and GAWLER), T., 528; P., 
1902, 69. 

atom, configuration of the (PETERs), 
T., 13850; P., 1902, 184. 


See Thermo- 


J. 


Jacarandin and its diacety] and dibenzoyl 
derivatives (PERKIN and Brices), T., 
217; P., 1902, 11. 


K. 


Kampherol and its salts, and ¢ribromo- 
and tetra-acetyl derivatives from the 
flowers of Delphiniwm Consolida 
(PERKIN and WILKINSON), T., 585; 
P., 1900, 182. 

and its tetra-acetate (PERKIN), T., 
475 ; P., 1901, 87. 
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3-Keto-1:1-dimethyl-A‘-tetrahydrobenz- 
ene, bromo-derivatives and 5-chloro- 
(CrossLEY and LE Sueur), P., 1902, 
238. 
Ketones, interaction of, with acid chlor- 
ides (LrxEs), P., 1902, 213. 
mixed, preparation of, by heating the 
mixed calcium salts of organic acids 
(Luptam), T., 1185; P., 1902, 132. 
8-Ketonic acids, esters, optically active 
(LapworrH and Hawn), T., 1491, 
1499 ; P., 1902, 144, 145. 
5-Keto-8-isopropylhexoic acid and its 
oxime and semicarbazide (CROssLEY), 
T., 676; P., 1901, 172; 1902, 86. 


L. 


Lactic acid and its potassium salt, in- 
fiuence of acidic oxides on the specific 
rotation of (HENDERSON and PREN- 
TICE), T., 658; P., 1902, 88. 

Lactone, C14H 90, from the oil of 
Asarum canadense (POWER and LEEs), 
T., 71; P., 1001, 210. 

Lactose (mi/k sugar), magnetic rotation 
of (PERKIN), T., 190; P., 1901, 256. 
Levulose (d-/ructose), magnetic rotation 
of (PERKIN), T., 189; P., 1901, 256. 
Lanthanum, atomic weight of (BRAUNER 
and Pavuiitex), T., 1243; P., 1901, 

63. 

Lanthanum sulphate, new hydrate of 
(BRAUNER and PaviféEK), T., 1262. 
Lead, action of distilled water on 

(CLowgs), P., 1902, 46. 

Lead nitrate, spectrum of (HARTLEY), 
T., 570; P., 1902, 68. : 

Light. See Photochemistry. 

Limettin, constitution of, and its mono- 
and di-chloro-derivatives (TILDEN and 
Burrows), T., 508; P., 1901, 216. 

Limonene from oil of rue (PowER and 
Lzss), T., 1590; P., 1902, 193. 

d-Limonene (carvene), magnetic rotation 
of (PERKIN), T., 292; P., 1902, 29: 

i-Limonene, magnetic rotation of (PER- 
KIN), T., 292; P., 1902, 29. 
d-Linalool from the oil of Asarum cana- 
dense (PowER and Legs), T., 63; P., 
1901, 210. 
Liquids, specific heat of (CRompTon), 
P., 1902, 236. 
correction of the boiling points of, 
from observed to normal pressure 
(Youne), T., 777 ; P., 1902, 108. 
mixed, of constant boiling point, com- 
position of (Youne), P., 1902, 215. 
vapour pressures and boiling points 
of (Youne), T., 768; P., 1902, 
107, 218 ; (Youne and Forrry), 
P., 1902, 216. 
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Liquids, mixed, solvent properties of, 
in relation to the chemical characters 
and solvent properties of their com- 
ponents (Dawson), T., 1086; P., 
1902, 179. 

Lithium nitrate, spectrum of (HARTLEY), 
T., 565; P., 1902, 68. 

Luteolin and its benzoyl derivatives 
(PERKIN), T., 1174; P., 1902, 180. 

Lutidines. See Dimethylpyridines. 

y-Lutidostyril and its 3:5-dibromo-, 3- 
cyano- and 3- and 5-nitro-derivatives, 
and -5-carboxylic acid and its 3- 
nitro-derivative (Morr), T., 100; P., 
1901, 69. 


M. 
Magnesium nitrate, spectrum of (HaArrt- 


LEY), T., 568; P., 1902, 68. 
potassium and rubidium sulphates, 


anhydrous (MALLET), T., 1548; 
P., 1902, 198. 
Magnetic rotation. See Photochemistry. 
Malondihydroxamic acid (PICKARD, 


ALLEN, BowpDLER, and Carrer), T., 
1572. 
Maltose from the action of ungerminated 
barley diastase on starch (BAKER), 
T., 1177; P., 1902, 134. 
magnetic rotation of (PERKIN), T., 
190; P., 1901, 256. 

Manganic hydroxide, action of sul- 

eo acid on (CARPENTER), T., 10; 
., 1901, 212. 

Manganous potassium, rubidium and 
thallous sulphates, anhydrous (MAL- 
LET), T., 1549; P., 1902, 198. 

Mannitol, magnetic rotation of (PERKIN), 

T., 188; P., 1901, 256. 
influence of, on the vapour pressure 
of aqueous ammonia solution (PEr- 
MAN), T., 484; P., 1901, 261. 
solubility of, in water (FinpLAy), T., 
1217; P., 1902, 172. 

m-Meconine (PERKIN), T., 1027; (GrL- 
Bovy and PERKIN), T., 1042. 

Memorial lectures: Frankland (ArM- 
STRONG), P., 1901, 193; Raoult (vAN’T 
Horr), T., 969; P., 1902, 81. 

Menthol. magnetic rotation of (PERKIN), 
T., 309; P., 1902, 29. 

Mercury aluminium couple, use of, as a 

halogen carrier (COHEN and DAKIN), 
T., 1824; P., 1902, 183. 

Dimercurammonium bromide, chlor- 
ide, and nitrite, and mercuric brom- 
ide and chloride (RAy), T., 644; P., 
1901, 96 ; 1902, 85. 

Mercuric ammonium bromide, chloride, 
and chlorobromide (Ray), T., 648 ; 
P., 1902, 85. 
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Mercury acetylides 
TRAVERS), T., 
183. 

cyanide, auto-reduction of (MARsH 
and SrRUTHERS), P., 1902, 249. 

Mesityl oxide (methyl isobutenyl ketone ; 
isopropylideneacetone) (TITHERLEY), 
T., 1526; P., 1902, 187. 

Mesitylene, influence of, on the rotation 
of ethyl tartrate (ParrErson), T. 
1097 ; P., 1902, 133. 

Mesoxalic semi-aldehyde (FENTON and 
RyFFEL), T., 426; P., 1902, 54. 

Mesoxamide, oxime of, derivatives of 
(WHITELEY), P., 1902, 212. 

Metallic cyanides constitution of 
(Wank), T., 1596; P. 1902, 65; 
(Marsh), P., 1902, 248. 

nitrates, absorption spectra of (HArtT- 
LEY), T., 556; P., 1902, 67, 239. 

thiocyanates, action of, on carbonyl 
chloride (Dixon), P., 1902, 240. 

Methane, preparation of, and slow 
oxidation of, at low temperatures 
(BonE and WHEELER), T., 535; P., 
1902, 51. 

Methoxyanilinophosphoric acid, barium 
salt (CAVEN), T., 1374. 
Methoxyanilinophosphoryl 

(CAVEN), T., 1373. 

Methoxyl groups, modification of Zeisel’s 
method for the estimation of (HEwitt 
and Moore), T., 318; P., 1902, 8. 

Methoxyphosphoryl chloride (CAVEn), 
T., 1873. 


(BURKARD and 
1271; P., 1902, 


° 


chloride 


p-Methoxysalicylic acid (PERKIN), T., 
231, 1021; P., 1900, 106 ; 1901, 258 ; 
1902, 147; (GiLBopy and PERKIN), 
T., 1053; P., 1899, 28; 1900, 106. 

Methoxy-p-toluidinophosphoric acid, 
barium and potassium salts (CAVEN), 
T., 1374. 

Methoxy-p-toluidinophosphoryl chloride 
(CAVEN), T., 1374. 

Methyl, displacement of benzyl by, in 
substituted nitrogen compounds 
(JonEs), P., 1901, 205. 

Methyl alcohol, properties of mixtures 
of, with benzene, and with benzene 
and water (YouNG and ForreEy), 
T., 740; P., 1902, 105. 

properties of mixtures of, with water 
(Youne and Forrey), T., 718; P., 
1902, 105. 

Methyl ‘sobutenyl ketone. See Mesityl 
oxide. 

Methylcarboxzyaconitic acid (butylene- 
tetracarboxylic acid), ethyl] ester (RUHE- 
MANN), T., 1213; P., 1902, 181. 

Methylene diiodide, action of, on aryl- 
and naphthyl-amines (SENIER and 
Goopwin), T., 280; P., 1902, 12, 
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Methylenedimethylsuccinic acid (BoNnE 
and SPRANKLING), T., 51; P., 1901, 
243. 

Methylethylphenacylthetine salts (PoPE 
and NEvILLE), T., 1558; P.,1902,199. 


Methyl group, influence of, on ring | 


formation (GILBopy and SPRANK- 
LING), T., 787; P., 1900, 224. 

Methylheptylcarbinol. See 
alcohol. 


Nonyl 


Methyl heptyl ketone and its carbazone | 
from oil of rue (PowER and LEEs), | 


T., 1588; P., 1902, 193. 
d-Methylhydrindene and its 


tnG), P., 1902, 34. 


Methyl 8-methylhexyl ketone and its | 


oxime and semicarbazone (LEss), T., 
1595 ; P., 1902, 193. 

Methylnonylcarbinol. 
alcohol. 


See 


Methyl nonyl ketone and its semicarb- | 
azone from oil of rue (POWER and | 


Legs), T., 1588 ; P., 1902, 193. 
2-Methylpyridine. See Picoline. 
Methylpyridinetricarboxylic acid, m. p. 

208° (DopBiE and LAuDER), T., 146; 

P., 1901, 252. 
a-Methyltricarballylic acids (bwtanetri- 


carboxylic acids), synthesis and dis- | 


sociation constants of, and their cyano- 
derivatives, esters, and anhydro-acids 
(BonE and SPRANKLING), T., 29; P., 
1901, 215. 

Milk sugar. See Lactose. 

Molecular complexity of acetic acid in 
chloroform solution (Dawson), T., 
521; P., 1902, 69. 

solution volume .in relation to the 
rotation of ethyl tartrate in various 
solvents (PATTERSON), T., 1131; 
P., 1902, 133. 
weight. See Weight, molecular. 
Molybdenum boride (TUCKER 
Moopy), T., 16; P., 1901, 129. 
Myricetin and its tetrabromo-derivative 
and pentamethyl ether and its acetyl 
compound, and hexaethyl ether 
(Perkin), T., 203; P., 1902, 11. 
Myricitrin and its hydrolysis (PERKIN), 
T., 207; P., 1902, 11. 
Myrticolorin, identity of, with osyritrin 
and violaquercitrin (PERKIN), T., 
477; P., 1901, 88 ; 1902, 58. 


N. 

Naphthacridines, a- and §-, and their 
salts, and the nitro-derivatives of the 
a-compound (SENIER and GoopwIn), 
T., 288 ; P., 1902. 

Naphthalene, formula of (MArsn), T., 
963 ; P., 1902, 165. 


and 


oximes, | 
hydrazones and semicarbazones (Kipp- | 


Undecyl | 
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Naphthalene, influence of, on the rota- 
tion of ethyl tartrate (PATTERSON), 
T., 1184; P., 1902, 133. 

| Naphthalene-2-azo-8-naphthol, 1-chloro- 

| (Morean), T., 1381; P., 1082, 185. 

8-Naphthalenediazoaminotetrahydro-8- 

naphthalene (SmitH), T., 906; P., 

| 1902, 137. 

| Naphthalenediazonium hydroxides, 

| bromo- and chloro-, interchange of 

halogen for hydroxyl in (Orton), P. 

1902, 252. 

Naphtharonylacetic acid, ethyl ester, 

and amide (RUHEMANN), T., 425; 

P., 1902, 46. 

| 8-Naphthol, condensation of, with di- 
methylaminobenzaldehyde (HEwiItt, 
TURNER, and Brap.eEy), T., 1207; 
P., 1902, 181. 

Naphthols, a- and §-, action of ethyl 
chlorofumarate on the sodium de- 
rivatives of (RUHEMANN), T., 422; 

P., 1902, 45. 

| a-Naphthoxyfumaric acid, ethyl ester 

| (RuwEMANN), T., 426; P., 1902, 45. 

| §8-Naphthoxyfumaric acid and its ethyl 

ester (RUHEMANN), T., 422.; P., 1902, 

45. 

| B-Naphthylamine, 1-nitro-, action of 
nitrous acid on (MorGAN), T., 1381; 
P., 1902, 185. 

a action of methylene 
iiodide on (SENIER and Goopwin), 
T., 280; P., 1902, 12. 

| Nickel ammonium chromate (Bric6s), 

P., 1902, 255. 
potassium sulphate (MALLET), T., 

1550; P., 1902, 198. 

Nitrates, organic, constitution of (MArR- 
SHALL and WIGNER), P., 1902, 32. 
Nitric acid, absorption spectra of (Hart- 

LEY), T., 559; P., 1902, 67, 239. 

Nitrogen, amount of, as ammonia and 

as nitric acid, in the rain-water 
collected at Rothamsted (MILLER), 
P., 1902, 88. 

amount of, as nitrates, in the drainage 
through uncrop and unmanured 
land (MILLER), P., 1902, 89. 

liquid, variation with temperature of 
the surface energy and density of 
(Baty and Donnan), T., 907; P., 
1902, 115. . 

quinquevalent, isomeric salts contain- 
ing (Kippine), P., 1902, 209, 211. 

| Nitrogen bromides containing propionyl 

(CHATTAWAY); T., 814; P. 1902, 
113. 

bromides and chlorides, derived from 
ortho-substituted anilides (CHaTTA- 

way and Wapmors), T., 984; P., 

1902, 173. 


* 
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Nitrogen chlorides containing propionyl 


SerewAxh T., 637; P., 1902, 


a (Orton), T., 497, 5038; 
P., 1902, 59, 73; (CHATTA- 
way), P., 1902, 165. 
containing the azo- group (CHAT- 
TAWAY), T., 982; P., 1902, 174. 
peroxide (tetrowide), liquid, as a 
solvent (FRANKLAND and FARMER), 
P., 1902, 47. 

Nitrogen compounds, substituted, dis- 
placement of benzyl by methyl in 
(JonzEs), P., 1901, 205. 

isoNitroso-. See Oximino- or’ under the 
Parent Substance. 

Nonanetricarboxylic acids. See ay- 
Ditsopropyltricarballylic acids. 

Nonyl alcohol (methyl-n-heptylcarbinol) 
from oil of rue (PowER and Lezs), T., 

* 1592 ; P., 1902, 193. 
Norbrazilinic acid (PERKIN), T., 1035. 


Nux vomica, estimation of brucine and | 


strychnine in (Dowzarp), P., 1902, 
220. 


0. 


Obituary notices :— 

Sir Joseph Henry Gilbert, T., 625 

Henry George Madan, T., 628. 

W. B. Randall, T., 629. 

Saville Shaw, T., 630. 

Maxwell Simpson, T., 631. 

William Thomas Newton Spivey, T., 
635. 

2:4:2’ :4’-Octamethyléetra-aminoditolyl- 
5:5’-methane and its picrate (Mor- 
GAN), T., 657; P., 1902, 87. 

itrin, ‘identity of, with violaquer- 
citrin and myrticolorin (PERKIN), T., 
477; P., 1901, 88; 1902, 58. 
Oxalacetic acid and its phenylhydrazone, 
dissociation constants of (JonEs and 
RicHarpson), T.; 1158; P., 1902, 
141. 
phenylhydrazone and p-bromo-, de- 
composition of, in aqueous and acid 
solutions (JonEs and RICHARDSON), 
-T., 1140; P., 1902, 140. 
Oxalic acid, ethyl] ester, action of soda- 


mide on (TITHERLEY), T., 1529; P., 
- 1902, 187. 
Oxalodihydroxamic acid (PIcKARD, 


ALLEN, Bowp.ER, and Carter), T., 
1572 
Oxamphenylhydrazide(PickarD, ALLEN, 
Bown ER, and CarTErR), T., 1566; 
P., 1902, 197. 
Oxanilide, m-nitro- (PICKARD, ALLEN, 
Bown Er, and Carrer), T., 1569. 
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gree nay, oe and o-, m- and 


p-nitro- ‘omae- ALLEN, BowDLER, 
and CARTER), T ,” 1567 ; Pp, 1902, 
197. 


Oximinocamphor, isomeric benzoyl de- 
rivatives from (Forster), P., 1902, 
238 

a-Oximino-ketones, characteristic reac- 
tion of (WHITELEY), P., 1902, 212. 

Oximinomalondi-alkyl- and -aryl-amides 
and their salts (WHITELEY), P., 1902, 
212. 

Oximinomalon-o-tolylamic acid, ethyl 
ester (WHITELEY), P., 1902, 212 

Oxyazo-compounds, constitution of 
(Hewitt and AvtLp), T., 171; P., 
1901, 264. 

Oxygen, evolution of, from the decom- 
position of potassium chlorate in 
presence of the oxides of manganese 
(SopEAv), T., 1066; P., 1902, 136. 

liquid, variation with temperature of 
the density and surface energy of 
(Baty and Donnan), T., 907; P., 
1902, 115. 

union of hydrogen with (BAKER), T., 
500; P., 1902, 40. 


P. 


Palmitic acid from the oil of Asarum 
canadense (POWER and Less), T., 61 ; 
P., 1901, 210. 

Pentanedicarboxylic acids. See :— 
Dimethylglutaric acids. 

Pimelic acid (isopropylsuccinic acid).- 
Trimethylsuccinic acid. 

Pentanetricarballyic acids. See :— 
aBp- -Dimethylpropanetricarboxytic acid. 
Re ant or acids. 

Pentenedicarboxylic acid. See aa-Di- 
methylglutaconic acid. 

Pentenetetracarboxylic acid. See Ethyl- 
carboxyaconitic acid, 

Perchlorate formation, theory of 
(SopEav), T., 1066 ; P,, 1902, 136. 
Period of induction in’ the reaction 
between chlorine and hydrogen (MEL- 

LOR), T., 1292; P:, 1902, 170. 


_ tsoPersulphocyanie acid, formation of 


(Dixon), T., 168; P., '1901, 261. 

Pheno-a- aminocycloheptane, resolution of, 
into its optical isomerides; salts of 
and its benzoyl derivative ’(K1pPING 
and Hunter), T., 574; P., 1902, 60. 

Phenol, C,H,,0., from 
Asarum canadense (POWER 
Legs), T., 60; P., 1901, 210. 

Phenol, absorption spectra of (HARTLEY, 
Dossie, and Laupgr), T., 983; P., 
1902, 172. 


and 


the oil of . 
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Phenol bromide, éribromo- (dibromobenz- | 
ene ketodibromide) (LEwis), T., 1001; | 
P., 1902, 177. | 

Phenol, ¢rinitro-. See Picric acid. 

Phenol compounds, bromo-, action of | 
nitric acid on (ROBERTSON), T., 1475 ; 
P., 1902, 189. 

Phenols, condensation of, with esters of | 
unsaturated acids (RUHEMANN), T., | 
419; P., 1902, 45. 

Phenolphthaleinanhydride. See Fluoran. 

Phenyl methyl selenide (PopE and 
NEVILLE), T., 1553; P., 1902, 198. 

Phenylacetic acid, ethyl ester, action of 
sodium benzamide on (TITHERLEY), 
T., 1531; P., 1902, 187. 

N-Phenylacetimino-ethyl ether, hydro- 
chloride (LANDER), T.,597; P.,1902,73. 

Phenylacetone. See Benzyl methyl 

_ _ ketone. 

Phenyl acetyl nitrogen chloride, chloro- 
bromonitro-and bromonitro-derivatives 
of (Orton), T., 497, 503; P., 1902, 
59, 73. 

Phenylallophanic acid, m- and p-nitro-, 

- ethyl esters (PICKARD, ALLEN, Bowp- 
LER, and CARTER), T., 1569. 

Phenylamino-. See Anilino-. 

N-Phenylbenzimino-ethers 
T., 593; P., 1902, 72. 

Phenylbiuret, 0-, m-, 
(PICKARD, ALLEN, 
CARTER), T., 1568. 

Phenylearboxyaconitic acid, ethy] ester 
(RUHEMANN), T., 1214; P., 1902, 181. 

_ Phenylehloromethylenecamphor (Fors- 

TER), P., 1902; 237. 

m-Phenylenediamine, methylation 

(MoreAN), T., 655; P., 1902, 87. 

m-Phenylenediamine, 2:5-dichloro-, and 
its acyl derivatives, and the action, 
of diazonium salts on (MorGAN and 

NorMAn), T., 1382; P.,. 1902, 185. 

Phenylglycinehydroxamic acid and its 
sodium salt and acetyl derivative 


(LANDER), 


and p-nitro- 
BowDLER, and 


of 


(PickARD, ALLEN, BowDLER, and 
CARTER), T., 1574. 
Phenylhydroxylamine, 3:5-dinitro- 


— and Dakin), T., 29; P., 1901, 

; a. 

Phenylhydroxymethylenecamphor 
(Forster), P., 1902, 237. 

Phenylhydroxyoxamide and o-, m-, and 
p-nitro-, and their salts and acetyl 
derivatives (PIckAnD, ALLEN, Bowp- 
a and CarTER), T., 1567; P., 1902, 
197. 

Phenylmethylselenetine salts, d- and /- 
(PorE and NEvIt1z), T., 1553; P., 
1902, 198. 

_ &-Phenylmethylsuccinic acid and its 

- salts (RUHEMANN), T., 1216; P., 1902, 


| Phenyltrimethylenedicarboxylic 
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Phenyloxamic acid, o- and _ p-nitro-, 
ethyl esters (PICKARD, ALLEN, Bown- 
LER, and CARTER), T., 1568. 


| Phenyl propionyl nitrogen bromide and 


chloride, bromo-derivatives of 
(CHATTAWAY), T., 816; P., 1902, 
113. 
chloro-derivatives of (CHATTAWAY), 
T., 689; P., 1902, 64. 
Phenylsuccinimide and its alkyl-substi- 
tuted derivatives, stability of GrL- 
BoDy and SPRANKLING), T., 802; P., 
1900, 225. 
Phenyltetrazolylthiocarbamide (RUHE- 
MANN and STaPLeTon), T., 262. 


| Phenyl-p-tolyliodonium salts (PETERS), 


T., 13853; P., 1902; 184. 

acid 
and its salts and anhydride (RuHE- 
MANN), T., 1215; P., 1902, 181. 

Phloroglucinol and its trimethyl ether, 
absorption spectra of (HARTLEY, 
Dopsiz, and LAvpDER), T., “929;- 
P., 1902, 171. 


| Phorone and isoPhorone (TITHERLEY), 


T., 1526; P., 1902, 187. 
Phosgene. See Carbonyl chloride. 
Phosphates, localisation of, in the sugar 
cane (SPRANKLING), T., 1543; P., 
1902, 196. 

Phosphorus haloids, action of, on 
dihydroresorcins (CRossLEY and LE 
Survur), P., 1902. 

suboxide (BROwNING), P., 1901, 243. 
Phosphoric oxide, vapour density of 
(West), T., 928; P., 1902, 138. 

Phosphorus (¢etroxide (phosphorosophos- 
phoric oxide {WxEst), T., 923; P., 
1901, 138. 

sesquisulphide and its behaviour with 
Mitscherlich’s test (CLAYTON), P., 


1902, 129. 

trithiocyanate, action of, on alcohols 
(Drxon), T., 168; P., 1901, 
260. 


Phosphory] chloride and its derivatives, 
molecular configuration of (CAVEN), 
T., 1362; P., 1901, 26. 

PHOTOCHEMISTRY :— 

Light, influence of, on the combination 
of carbon monoxide with chlorine 
(Dyson and Harpen), P., 1902, 
191. 

action of, on chlorine gas (MELLOR), 
T., 1280; P., 1902, 169. 
action of, on the combination of 
chlorine and hydrogen (MELLOR 
and ANDERSON), T. 414; P., 
1902, 32. 
Radiations from radium and ‘thorium, 
condensation points of (RUTHERFORD 
and Soppy), p, 1902, 219. 
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PHOTOCHEMISTRY :— 

Radioactivity, cause and nature of 
(RUTHERFORD and Soppy), T., 
837; P., 1902, 120. 

of thorium compounds (RuTHER- 
FORD and Soppy), T., 321, 837; 
P., 1902, 2, 120. 
of uranium (Soppy), T., 860; P., 
1902, 121. 
Polarisation :— 

Rotation of optically active compounds, 
influence of solvents on the 
(PaTTERson), T., 1097, 1134; P., 
1902, 133. 

of lactic acid and its potassium salt, 
influence of acidic oxides on the 
(HENDERSON and Prentice), T., 
658; P., 1902, 88. 
of ethyl tartrate, influence of benz- 
ene, toluene, 0-, m-, and p- 
xylene and of mesitylene on the 
(PATTERSON), T., 1097; P., 
1902, 133. 
influence of napthalene on 
(PATTERSON), T., 1134; P., 
1902, 133. 
Magnetic rotation of ring compounds 
(PERKIN), T., 292; P., 1902, 28. 
of some polyhydric alcohols, hexoses, 
and saccharobioses (PERKIN), T., 
177; P., 1901, 256. 
of 8-bromocamphor (PERKIN), T., 
1465 


of 3:5-dichloro-1:1-dimethyl-A2#- 
dihydrobenzene (PERKIN),'T’.,828. 

of 3:5-dichloro-o-xylene (PERKIN), 
T., 1535. 

of 1:1-dimethyl-A?4-dihydrobenzene 
(PERKIN), T., 836. 

Mutarotation of camphorquinone- 
hydrazone, and the influence of 
catalytic agents on it (LAPwWoRTH 
and HAnn), T., 1508 ; P., 1902, 143. 

Refraction of borneol and camphor and 

its derivatives (PERKIN), T., 317; 
P., 1902, 29. 
of B-bromocamphor (PERKIN), T., 
1465. 
of 3:5-dichloro-1:1-dimethyl-A?*4-di- 
hydrobenzene (PERKIN), T., 828. 
of 3:5-dichloro-o-xylene (PERKIN), 
T., 1535. 
of dimethy]-A*+-dihydrobenzene 
(PERKIN), T., 836. 
Spectra, absorption, of metallic nitrates 
(HARTLEY), T., 556; P., 1902, 
67, 239. 
of phenol, phloroglucinol and 
some of its derivatives, and 
pyrogallol (HARTLEY, Dossiz, 
and LAUDER), T., 929; P., 1902, 
171. 
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Phthalic acid, 3:5-dichloro-, and its 
diethyl ester, silver salt, anhydride, 
anil and imide (CrossLEy and Lr 
Sueur), T., 1536; P., 1901, 191. 

2-Picoline _ (2-methylpyridine) from 
Scottish shale oil (GARRETT and 
SmyTHE), ~T., 451; P., 1900, 190; 
1903, 47. 

Picric acid, solubility of, in benzene 
and in water (FinpLay), T., 1219; 
P., 1902, 172. 

Picriminothiocarbonic esters (CROCKER), 
T., 436; P., 1092, 57. 

Pimelic acid (isopropylsuccinic acid ; 
pentanedicarboxylic acid) (CROSSLEY), 
T., 676; P., 1901, 172; 1902, 86. 

Pinene from the oil of Asarum canadense 
(Power and Less), T., 61; P., 
1901, 210. , 

from oil of rue (POWER and LEEs), T., 
1590; P., 1902, 193. 

and its derivatives, magnetic rotation 
of (PERKIN), T., 292; P., 1902, 29. 

derivatives (TILDEN and Burrows), 
P., 1902, 161. 

Plant food, determination of available, 
in soils by the use of weak acid solvents 
(HALL and Piymen), T., 117; P., 
1901, 239, 265. 

Platinum, brittle, composition of 
(HARTLEY), P., 1902, 30. 

Polyiodides in nitrobenzene solution 
(Dawson: and GAWLER), T., 524; P., 
1902, 69. 

Potassium chlorate, decomposition of, in 
presence of the oxides of manganese 
(SopEAU), T., 1066; P., 1902, 136. 

iodide, solubility of, in nitrobenzene 
containing iodine (Dawson and 
GAWLER), T., 529; P., 1902, 69. 

nonaiodide, KIy, probable existence of, 
in nitrobenzene solution (DAwson 
and GAWLER), T., 532; P., 1902, 
70. 

nitrate, spectrum of (HARTLEY), T., 
563 ; P., 1902, 68. 

sulphate, influence of, on the vapour 
pressure of aqueous ammonia solution 
(PERMAN), T., 485; P., 1901, 261. 

cobaltous, magnesium, manganous 
and nickel sulphates, anhydrous 
(MALLET), T., 1548; P., 1902, 198. 

Pressure apparatus, constant, for both 
reduced and increased pressures (INNES), 
T., 684; P., 1902, 26. 

Propanedicarboxylic acid. See Di- 
methylmalonic acid. 

Propanetricarboxylic acid. See Tri- 
carballylic acid. 

Propionanilide, o- and p-mono-, 2:4- 
di-, and 2:4:6-tri-bromo- (CHATTA- 


way), T., 817; P., 1902, 113. 
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Propionanilide, chloro-derivatives 


(CHatraway), T., 639; P., 1902, | 
64. 
p-Propionyl-amino- and -chloramino- 


azobenzenes (CHATTAWAY), T., 982°; 
P., 1902, 174. 

Propionyl-bromo- and -chloro-amino- 
benzenes, bromo-derivatives (CHATTA- 
way), T., 816; P., 1902, 113. 

Propionyl-bromo- and 


-chloro-amino- | 


| 


chlorobenzenes (CHATTAWAY), T., 639; | 
| Quercetin tetramethyl and tetraethyl 


P., 1902, 64. 


n-Propyl alcohol, properties of mixtures | 
of, with benzene, and with benzene 


and water (YounG and Forrey), T., 
747; P., 1902, 105. 
properties of mixtures of, with water 

(Youne and Forrry), T., 723; P., 
1902, 105. 

isoPropyl alcohol, properties of mixtures 
of, with benzene, and with benzene 
and water (Youne and Forrey), 
T., 744; P., 1902, 105. 


properties of mixtures of, with water | 


(Youne and Forrey), T., 726; P., 
1902, 105. 
4-isoPropyldihydroresorcin and its silver 
salt, dioxime, ethyl ether and bromo- 
derivative (CrossLEy), T., 678; P., 
1901, 172; 1902, 86. 
4-isoPropyldihydroresorcylic acid, ethy] 
ester (CrossLEY), T., 676; P., 1901, 
172 ; 1902, 86. 

B-isoPropylglutaric acid (hexanedicard- 
oxylic acid) (CrosstEy), T., 676; P., 
1901, 172; 1902, 86. 

isoPropylideneacetone. See 
oxide. 

isoPropylsuccinanilic acid (CrossLry), 


Mesityl 


isoPropylsuccinie acid (pentanedicard- 
oxylic acid). See Pimelic acid. 

Purpurogallin and its -carboxylic acid, 

tetra-acetyl, tribenzoyl, and dibromo- 
derivatives (PERKIN and STEVEN), 
P., 1902, 74. 

trimethyl ether and its acetyl deriva- 
tive (PERKIN and STEVEN), P., 1902, 
253. 

Parpurogallone and isoPurpurogallone 
(PERKIN and STEVEN), P., 1902, 
254. 

Pyrantin (p-ethoxyphenylsuccinimide), 
and its alkyl substituted derivatives, 
stability of (GiLBopy and SprRANK- 
LING), T., 793; P., 1900, 224. 

Pyridine from Scottish shale oil (GARRETT 
and SmyTue), T., 451; P., 1900, 190; 
1902, 47. 

Pyrogallol, absorption spectra of 
(HARTLEY, Doppre, and LAvpDER), 
T., 9383; P., 1902, 172. 
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of | Pyruvylphenylhydrazonehydroxamic 


acid and its salts and acetyl derivative 
(PIcKARD, ALLEN, BowpDLER, and 
CARTER), T., 1573. 


Q. 


Quercetagetin, and its sulphate, potass- 
ium salt and acetyl compound 
(PERKIN), P., 1902, 75. 


ethers, constitution of (PERKIN and 
Atuison), T., 471. 


R. 


Racemisation, catalytic, of amygdalin 
(WALKER), P., 1902, 198. 

Radiations, and Radioactivity. See 
Photochemistry. 

Radium, condensation point of eman- 
ations from (RUTHERFORD and Soppy), 
P., 1902, 219. 

Rain-water, amounts of nitrogen as 
ammonia and as nitric acid, and of 
chlorine in the, collected at Rotham- 
sted (MILLER), P., 1902, 88. 

Ratio of distribution of acetic acid 
between chloroform and _ water 
(Dawson), T., 522; P., 1902, 69. 

of a base between two acids, method 
of determining (Dawson and 
Grant), T., 512; P., 1902, 68. 

Refraction. See Photochemistry. 

Residual affinity, part played by, in the 
formation of substitution derivatives 
(ARMSTRONG and Horton), P., 1901, 
246. 

Resins from green ebony (PERKIN and 
Brices), T., 219; P., 1902, 12. 

Resorcinol, 4:2-chloronitro-, and _ its 
1-methyl ether and dibenzoate (MEL- 
DoLA and Eyre), T., 999. 

Rhamnazin and Rhamnetin, constitution 
of (PERKIN and ALLIson), T., 469. 
Ring compounds, magnetic rotation of 

(PERKIN), T., 292; P., 1902, 28. 

Ring formation, influence of the methyl 
group on (GILBopy and SPRANKLING), 
T., 787; P., 1900, 224. 

Robinin and its colouring matter (PER- 
KIN), T., 473; P., 1901, 87. 

Rotation. See Photochemistry. 

Rubidium magnesium and manganous 
sulphates, anhydrous (MALLET), T., 
1549; P., 1902, 198. 

Rue, oil of, constituents of (PowER and 
Less), T., 1585; P., 1902, 192. 

Rufigallic acid (PerKtn), P., 1902, 


254, 
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Saccharose. Sce Sucrose. 

Salicyclic acid, 5-mono- and 3:5-di- 
bromo-, acetyl derivatives (RoBERT- 
son), T., 1481; P., 1902, 190. 

Salicylbenzamide (TITHERLEY), 
1533; P., 1902, 187. 

Selenium, sexavalency of, and asym- 
metric optically active compounds of 
(Popz and NeEvitte), T., 1552; P., 
1902, 198. 

Selenium compounds, decomposition of, 
by moulds (RosenHEIM), P., 1902, 
138. 

Shale oil, Scottish, bases in (GARRETT 
and SmyTHE), T., 449 ; P., 1900, 190; 
1902, 47. 

Silver cyanide, auto-reduction of (MARSH 

and STRUTHERS), P., 1902, 249. 
nitrate, spectrum of (HarRTLEy), T., 
560 ; P., 1902, 68, 239. 

Sodamide and its acyl derivatives, action 
of, on organic esters and on acetone 
(TITHERLEY), T., 1520; P., 1902, 186. 

Sodium biborate (borax), the molecular 

condition of, in solution (SHELTON), 
P., 1902, 169. 
nitrate, spectrum of (HARTLEY), T., 
567; P., 1902, 68. 
Soils, sampling of (LEATHER) T., 883; 
-» 1902, 
determination of available plant food 
in, by the use of weak acid solvents 
(Hatt and Prymen), T., 117; P., 
1901, 239, 265. 
Solubility, factors which condition 
(LumspEn), T., 365 ; P., 1902, 31. 
of potassium iodide in nitrobenzene 
. containing iodine (DAwson and 
GAWLER), T., 529; P., 1902, 69. 
of the calcium salts of the acetic acid 


as 


series (LUMSDEN), T., 350; P., 
1902, 31. 
of barium acetate (WALKER and 


Fyrre), P., 1902, 246. 

of anthracene, mannitol, and picric 
acid (FinpLAy), T., 1217; P., 1902, 
172. 

of cyamelide and cyanuric acid (SENIER 
and Wats), T., 291; P., 1902, 13. 

of iodine in nitrobenzene containing 
potassium iodide (DAwson and 
GAWLER), T., 528; P. 1902, 62. 

Solutions, very dilute, the transport 
number of (STEELE and DEnIson), T., 
456; P., 1902, 29. 

Solvent, liquid nitrogen peroxide as a 
a RANKLAND and FARMER), P., 1902, 
47. 

Solvent properties of mixed liquids 
(Dawson), T., 1086; P., 1902, 179. 


SUBJECTS. 


Solvents, influence of, on the rotation of 
optically active compounds (PATTER- 
eon T., 1097, _ ; P., 1902, 133. 

8 c gravity. See Density. 

oak "ies Thermochemistry. 
rotation. See Photochemistry. 
volume. See Volume, specific. 

Spectra. See Photochemistry. 

Starch, velocity of hydrolysis of, by 
diastase (BROWN and GLENDIN- 
NING), T., 388; P., 1902, 43. 

action of ungerminated barley diastase 
on(BAKER), T., 1177; P., 1902, 134. 

Strychnine, estimation of, in nux vomica 
(DowzarpD) P., 1902, 220. 

Substance,C,H,N,I and C,H,H,I,, from 
the action of methyl iodide on tetr- 
azoline (RUHEMANN and STAPLE- 
TON), T., 261; P., 1902, 30. 

C,,H,O,, preparation of, and use of, for 
the identification of carbamide and 
primary amines (FENTON), P., 1902, 
244 


C,H ,,0;N., and C,,H)0,No, from the 
reduction of acid (methyl ester) 
C,,H,,0,N. (PERKIN), P., 1901,204. 

Cy,H,,0,, and its acetyl compound 
from commercial chrysarobin (Jow- 
ETT and Porter), T., 1588; P., 
1902, 192. 

Cy,H)0,No, from the action of nitrous 
acid on benzylidenecamphoroxime 
(Forster), P., 1902, 90. 

C,,H,,0,, from the action of quinone 
on excoecarin (PERKIN and Briaes), 
T., 215; P., 1902, 11. 

Cs,H,,0,, from the action of potassium 
ferricyanide on enolic benzoyleam- 
phor (Forster), P., 1902, 238. 

Substitution, influence of, on the re- 

activity of the aromatic m-diamines 
(Morean), T., 650; P., 1902, 87. 
influence of, on the formation of 
diazoamines and aminoazo-com- 
pres (MorGAN), T., 86, 1376; 
., 1901, 236 ; 1902, 185. 

Substitution derivatives, part played 
by residual affinity in the formation 
of (ArmMsTronNG and Horton), P., 
1901, 246. 

Sucrose (saccharose, cane sugar), mag- 
netic rotation of (PERKIN), T., 189; 
P., 1901, 256. 

Sugar cane, localisation of phosphates 
in the (SPRANKLING), T., 1543; P., 
1902, 196. 

Sulphamide, preparation of, from ammon- © 
ium amidosulphite (Divers and 
Ocawa), T., 504; P., 1902, 71. 

Sulphates, isometric a of the 
form M”SO,, R80, (Matter), T., 
1546; P., 1902, 198. 


of 
Re 
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Sulphocampholenecarboxylic acid and 
its salts (HARVEY and LAPworRTH), 
P., 1902, 142. 

Sulphur, sexavalency of (Porpz and 

NEVILLE), T., 1552; P., 1902, 198. 
orienting influence of (ARMSTRONG 
and Horton), P., 1901, 246. 

Sulphurous acid, oxidation of, dithionic 
acid (CARPENTER), T., 1; P., 1901, 
212. 

Surface energy of liquid oxygen, nitro- 
gen, argon, and carbon monoxide, 
variation of the, with temperature 
(Baty and Donnan), T., 907; P., 
1902, 115. 


T. 


Tartaric acid, ethyl ester, influence of 
benzene, toluene, o-, m-, and p- 
xylenes and of mesitylene on the 
rotation of (PATTERSON), T., 1097 ; 
P., 1902, 133. 

influence of naphthalene on the 
rotation of (PATTERSON), T., 
1134; P., 1902, 133. 
di-sec.-octyl ester (McCrak), T., 1221 ; 
P., 1902, 182. 

Tartaric acid, nitro-, and its esters 
(FRANKLAND, HEATHOCOTE, and 
Harte), P., 1902, 250. 

Taxine, its mode of extraction, pro- 
perties, and hydrochloride, sulphate, 
gold chlorides and methiodide (THoRrE 
and Stusss), T., 874; P., 1902, 123. 

Tellurium, atomic weight of (ScorT), P., 
1902, 112. 

Tellurium compounds, decomposition 
of, by moulds (RosENHEIM), P., 1902, 
138. 


Terpenes, derivatives of (TILDEN and 
Burrows), P., 1902, 161. 

Terpenylic acid from isocamphoronic 
acid (PERKIN), T., 258; P., 1900, 
215. 

l-Terpineol from the oil of Asaruwm 
canadense (POWER and Legs), T., 63 ; 
P., 1901, 210. 

Tetra-azo-oo-dimethoxydiphenyl chlor- 
ide, rate of decomposition of (CAIN 
and Nicotz), T., 1440; P., 1902, 186. 

Tetra-azodiphenyl .chlorides, and 00-di- 
chloro-, rates of decomposition of 
(Cain and Nicott), T., 1488; P., 
1902, 186. 

Tetra-azoditolyl chloride, rate of de- 
composition of (Carin and NIcoLt), 
T., 1439; P., 1902, 186. 

ar-Tetrahydro-8-naphthalene, diazo- 
amino-compounds of (SmirH), T., 900 ; 
P., 1902, 137. 


ar-Tetrahydronaphthaleneazo-8-naph- 
thol (SmiTH), T., 903; P., 1902, 137. 

Toten ee ae ae 
thylamine (SmiTH), T., 906; P., 1902, 

137. 


Tetramethoxydinitrodibenzyl (GILBoDY 

and Perkin), T., 1051. 

2:4-Tetramethyldiaminotoluene and its 

additive compounds (Morcan), T., 

653; P., 1902, 87. 

4:6-Tetramethyldiamino-m-xylene and 
its additive salts (MorGAN), T., 654 ; 

P., 1902, 87. 

Tetramethylhematoxylin, oxidation of, 
with chromic acid (PERKIN), T., 
1057 ; P., 1899, 28. 

oxidation of, with permanganate 
(PERKIN and Yarss), T., 240; P., 
1899, 27, 75, 241 ; 1900, 107. 

Tetramethylhematoxylone (PERKIN), 

T., 1060; P., 1899, 28. 

Tetramethyl-m-phenylenediamine 
(Morcan), T., 655; P., 1902, 87. 

Tetrazoline and the action of methyl 
iodide on (RUHEMANN and STAPLE- 

TON), T., 261; P., 1902, 30. 

Thallium nitrate, spectrum of (Hart- 

LEY), T., 561; P., 1902, 68. 

Thallous manganous sulphate, anhydrous 

(Matiet), T., 1550; P., 1902, 198. 

THERMOCHEMISTRY :— 

Inversion temperature of the hydrates 
of barium acetate (WALKER and 
Fyrre), P., 1902, 247. 

Thermo-regulator, sensitiveness of a 
(MENzIks), P., 1902, 10. 

Atomic and Molecular heats of fusion 
(RoBERTsON), T., 1233; P., 1902, 
131. 

Specific heat of gases (CROMPTON), P., 

902, 188. 
of liquids(CrompTon), P., 1902, 236. 

Heat of dissociation in benzene solu- 
tion (INNES), T., 705; P., 1902, 
27 


£ 

Heat of reduction of metallic hydr- 
oxides (CARPENTER), T., 2; P. 
1901, 212. 

Heat of solution, relation between 
and the shape of a solubility curve 
(LuMSDEN), T., 367; P., 1902, 
32. 

Thermo-regulator. SeeThermochemistry. 

Thiocarbamide and ammonium, thio- 
cyanate, ‘dynamic isomerism” of 
(REYNOLDs and WERNER), P., 1902, 
207. 

hydrochloride (STEVENS), T., 79; P., 
1901, 210. 

Thorium, condensation point of emana- 
tions from (RUTHERFORD and Soppy), 

P., 1902, 219. 
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Thorium compounds, radioactivity of 
(RurHERFORD and Soppy), T., 321, 
836; P., 1902, 2, 120. 

Tin, antimony and arsenic, separation of 
(WALKER), P., 1902, 246. 

Toluene, influence of, on the rotation of 
ethyl tartrate (PATTERSON), T., 
1097; P., 1902, 133. 

Toluene, 2:4-dibromo-5-nitro-, and 2:4- 


dibromo-3:5-dinitro-, and _ their 
reduction (Davis), T., 870, P., 
1902, 118. 


six dichloro-derivatives, chlorination 
of, in presence of the aluminium- 
mercury couple (COHEN and DAKIN), 
T., 1824; P., 1902, 183. 
six trichloro-derivatives, preparation, 
nitration, and oxidation of (COHEN 
and Dakin), T., 13827; P., 1902, 
183, 
six dichloro-mono-and -di-nitro-deriva- 
tives, constitution of (CoHEN and 
Daxtn), T., 1844; P., 1902, 184. 
2-and 4-chloronitroamino-3:5-dibromo- 
(Orton), T., 968 ; P., 1902, 175. 
2:4:6-trinitro-, reduction of, with 
hydrogen sulphide (CoHEN and 
Dakin), T., 26; P., 1901, 214. 
2- and  4-nitroamino-3-5-dibromo- 
(Orton), T., 813; P., 1902, 111. 
p-Toluene-5-az0-4:6-diamino-m-xylene 
(MoreAn), T., 95; P., 1901, 237. 
p-Toluene-3-azo-5-chloro-2:4-tolylene- 
diamine (Morcan), T.. 96; P., 1901, 
237. 
p-Toluenediazoaminotetrahydro-8-naph- 
thalene (Smiru), T., 902; P., 1902, 
137. 
5-Toluidine, 2:4-dibromo-, and its acetyl 
derivative (Davis), T., 872 ; P., 1902, 
111. 
6-Toluidine, 2:4-dinitro- (CoHEN and 
Dakin), T., 28; P., 1901, 214. 
p-Toluidino-phosphoryl chloride and 
-phosphamic acid (CAVEN), T., 1367 ; 
P., 1901, 27. 
p-Toluoyltartaric acid, ethyl ester, nitra- 
tion of (FRANKLAND, HEATHCOTE, 
and GREEN), P., 1902, 251. 
N-o-Tolylacetimino-ethyl ether hydro- 
chloride (LANDER), T., 597 ; P., 1902, 
73. 
o-Tolylallophanic acid, ethyl ester, 
and o-Tolylbiuret- (PickKARD, ALLEN, 
BowD.eEr, and Carrer), T., 1571. 
N-o- and -p-Tolylbenzimino-ethers (LAN- 
DER), T., 595; P., 1902, 73. 
m-Tolylenediamine, methylation of 
(MoreaAn), T., 653; P., 1902, 87. 
s-Tolylenediamine, and its diacetyl 
derivative (Davis), T., 873 ; P., 1902, 
118. 


INDEX OF 


SUBJECTS. 


Tolylenediamines, 2:4- and 3:5-, 5- and 
2-chloro-, and their acyl derivatives 
(Morean), T., 95; P., 1901, 237. 

6-Tolylhydroxylamine, 2:4-dinitro- 
(ConEN and Dakin), T., 27, P., 
1901, 214. 

o-Tolylhydroxyoxamide, and its salts 
and acetyl derivative (PICKARD, 
ALLEN, BowDLER, and CARTER), T., 

. 1571; P., 1902, 197. 

o-Tolyloxamic acid, ethylester(PIcKARD, 
ALLEN, BowpDLeEr, and Carter), T., 
1571. 

Transport numbers of very dilute solu- 
tions (STEELE and DENIson), T., 456; 
P., 1902, 29. 

Triazole nitrate, preparation of (SIL- 
BERRAD), T., 602; P., 1902, 44. 

Tricarballylic acid (propane-aBy-tricarb- 
oxylic acid), synthesis and dissociation 
constant of, and its cyano-derivative, 
esters, and anhydro-acid (BonE and 
SPRANKLING), T., 29; P., 1901, 215. 

a uae acid. See d-Erythr- 
onic acid. 

Trimethylbrazilin, oxidation of, with 
chromic acid (PERKIN), T., 1016; P., 
1902, 147; ,GrLBopy and PERKIN), 
T., 1040; P., 1899, 27 ; 1900, 105. 

Trimethylbrazilone (PERKIN), T., 1017 ; 
P., 1902, 147 ; (GiLBopy and PERKIN), 
T., 1040; P., 1899, 27 ; 1900, 105. 

Trimethylhydrindonium hydroxide, re- 
solution of, into its optically active 
components (Kiprine), T., 275; P., 
1902, 33. 

2:4:6-Trimethylpyridine from Scottish 
shale oil (GARRETT and SmMyTHE), T., 
451; P., 1900, 190; 1902, 47. 

Trimethylsuccinic acid (pentanedicarb- 
oxylic acid), bromination of (BoNE and 
SPRANKLING), T., 50; P., 1901, 243. 

Trimethylsuccinic acid (pentanedicarb- 
oxylic acid), bromo-, ethy] ester, action 

of, on ethyl sodiocyanoacetite (BoNE 
and SPRANKLING), T., 52; P., 1901, 
243. , ; 


| ‘Trimethylsuccinie anhydride, bromo- 


(BonE and SPRANKLING), T., 51; P., 
1901, 243. 


| Tungsten boride (TucKER and Moopy), 


T., 16; P., 1901, 129. 


U. 


Undecyl alcohol (methyl-n-nonylearb- 
inol) (PowER and Lees), T., 1593; 
P., 1902, 193. 

Uranium, radioactivity of (Soppy), T., 
860; P,, 1902, 121. 

Urea, test for (FENTON), P., 1902, 244. 


INDEX OF 


V. 


Vapour density of phosphorophosphoric 
and phosphoric oxides (WEsT), T., 
927 ; P., 1902, 138. 
See also Density. 
Vapour pressures and boiling points of 
mixed liquids (YounG), T., 768; 
P., 1902, 107. 
of mixed liquids (Younc and ForrTeEy), 
P., 1902, 216; (Younc), P., 1902, 
218. 


of aqueous ammonia solution, influ- 

ence of salts and other substances 

on the (PERMAN), T., 480; P., 

1901, 261. 
carbon monoxide (BALY 

Donnan), T., 919. 
of isopropyl isobutyrate (YouNG and 

Fortey), T., 783; P., 1902, 108. 

Vapours, compressibility of, accurate 
method of measuring the (STEELE), 
T., 1076; P., 1902, 165. 

Velocity of decomposition of diazo- 
compounds (CAIN and Nico.t), T., 
1412 ; P., 1902, 186, 244. 

Velocity of enzyme action (Brown), 
T., 374; P., 1902, 41. 

Velocity of esterification of the two 
dibenzoylmesitylenic acids (MILLs and 
EASTERFIELD), T., 1318; P., 1902, 
168. 

Velocity of hydrolysis of starch by 
diastase (BROWN and GLENDINNING), 
T., 388; P., 1902, 43. 

Velocity of inversion of sucrose 
(Brown), T., 376; P., 1902, 41. 

Violaquercitrin, identity of, with osyri- 
trin and myrticolorin (PERKIN), T., 
477 ; P., 1901, 88 ; 1902, 58. 

Volume, specific, of isopropyl isobutyrate 
(Youne and Fortey), T.; 783; P., 


of and 


1902, 108. 
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w. 


Water, decomposition of the vapour of, 
by the electric spark (CHAPMAN and 
Lipsury), T., 1301; P., 1902, 183. 

distilled, action of, on lead (CLOWEs), 
P., 1902, 46. 

Weight, molecular, determination of, by 
a simple form of Landsberger’s boiling 
point apparatus (LuDLAM), T., 1193 ; 
P., 1902, 180. 

Well waters, Indian saline (LEATHER), 
T., 887; P., 1908, 127. 


x. 


o-Xylene, 3:5-dichloro- (CRossLEY and 
LE SvEuR), P., 1902, 238. 
preparation of (CRossLEY and LE 
Surur), T., 1534; P., 1902, 190. 
densities, magnetic rotation and re- 
fractive values of (PERKIN), T., 
1535. 

m-Xylene, 2:4- and 4:6-diamino-, acyl 
derivatives of (MorGANn), T., 93; P., 
1901, 237. 

Xylenes, o-, m- and p-, influence of, on 
the rotation of ethyl tartrate (Pat- 
TERSON), T., 1097 ; P., 1902, 133. 

Xylenol, bromo-derivatives of (CROSSLEY 
and Lz Surur), P., 1902, 239. 

m-Xylylene-4:6-diamine, methylation of 
(MorGAn), T., 654; P., 1902, 87. 


Y. 
Yeast, glycogen from (HARDEN and 
Youne), T., 1224; P., 1902, 182. 
Z. 


Zinc nitrate, spectrum of (HARTLEY), T., 
569; P., 1902, 68 

Zirconium boride (TucKER and Moovy), 
T., 15; P., 1001, 129. 


ERRATA. 


Vou. LXXXT (Trans., 1902). 
Page Line 


329 in Fig. 1, the electrometer is represented with the wrong pair of 
quadrants connected to earth. 
415 ‘carbon monoxide” read ‘‘or with combining proportions of 
carbon monoxide,” 
502 **§ oc.” read ** 20 c.c.” 
662 **(1 mol.:2 mols.) ” read ‘(1 mol.:1 mol.),” 
839 - ‘*thorium hydroxide” read ‘‘ thorium oxide.” 
851 ‘* oxides” read ‘* oxide.” 
851 **30 per cent.” read ‘*130 per cent.” 
‘some ” read *‘ most.” 
‘uranium radiation” read ‘‘ a-uranium radiation.” 
“$e” vead ** Keg.” 
“CO, K,X dO,” “dCs KX dC,” 
a*% 2 2° a 
“CO,” read ‘*C9.” 
Fae 7" read ‘log a "Ss 


= 
2 


**2 cm.” read ‘2 dm.” 


**2 cm.” read **2 dm.” 
*65:1” read 1:5.” 


a nen) 


* From bottom. t 


